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Laboratory medicine and the veterinary surgeon

Since the first edition of this book was published in 1989, there have been many
changes in veterinary laboratory practice — some very much for the better,
others less so.

The most striking change is the much greater volume of biochemistry and
haematology investigation being carried out. To a large extent this is a good
thing, though a note of caution has to be sounded against using blood tests as a
substitute for thorough clinical examination and history-taking, and anyone
who finds themselves paralysed to act in an emergency because blood results
are unavailable really ought to be reconsidering their priorities. In general,
however, the more relevant information which is available to the clinician the
more likely it is that the correct diagnosis will be arrived at, and o long as the
taboratory data is in addition to the clinical data then more widespread use of
laboratory investigation is to be welcomed. Indeed, the much greater readiness
of practitioners to embark on laboratory investigation of the more challenging
cases and to seek laboratory confirmation of the presumptive diagnosis in the
more straightforward ones has made laboratory medicine a very rewarding
discipline.

Following on from that, a more recent development has been the emergence
of more veterinary surgeohs specializing in clinical pathology/laboratory
medicine at postgraduate level. Twelve years ago only a minority of commercial
veterinary laboratories were under professional veterinary direction, with the
majority run by technicians (often trained only in analysis of human samples)
providing a results-only service without any professional interpretation. Now
only a few laboratories remain in the latter category, and practitioners have a
good choice of professionally-run laboratories offering not simply a string of
numbers but a full range of advice covering selection of tests, interpretation of
results and recommendations regarding treatment. Practitioners now recog-
nize the laboratory as a second-opinion referral service, made extremely
convenient and accessible by the fact that only the blood (or other) samples
have to be referred rather then the entire patient.
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In parallel with this there has also been an enormous increase in the amount
of laboratory work carried out within veterinary practices. This is a bit of a
mixed blessing. A near-patient facility designed to complement the professional
laboratory and enable quick (if sometimes approximate) results of appropriate
tests to be obtained as an interim measure in emergencies and out-of-hours,
and to allow simple monitoring of already-diagnosed patients on treatment is
invaluable. Certain items (e.g. the pocket glucose meter, the refractometer, the
microhaematocrit centrifuge and, of course, the microscope) are so easy for
the non-technician to use, so cheap and so useful, that it really is a case of ‘every
home should have one’. On the other hand, what is sometimes not appreciated
is the enormous gulf between this type of side-room facility and a professional
laboratory. However conscientiously those concerned with teaching the sub-
ject at undergraduate level try to instil a few of the principles of analytical
procedure into veterinary students, a veterinary course is far removed from
the sort of training a laboratory technician receives, and although some
laboratory component is included in the veterinary nursing syllabus, this again
should be regarded as helping equip nurses to perform the near-patient type of
testing competently rather than expecting them to run a full laboratory service
in between setting up drips and monitoring anaesthetics.
The main driving force of the ‘practice lab’ has been, as expected, the dry-
reagent biochemistry analyser. Twelve years ago these machines were just
emerging, having been developed for near-patient testing of human samples. It
was clear that there were substantial problems when non-human samples were
analysed by these methods, apparently due to what is termed the ‘plasma
matrix effect’, but the optimistic view was that these problems would be solved
and that there was good cause to hope that a wide range of reliable bio-
chemistry results might be available in the practice side-room. Unfortunately
this hope proved to be unfounded. There have been very few published studies
comparing results of dry-chemistry methods to standard wet-chemistry
methods for animal samples (and most of those are, for some reason, in
German), but it is quite clear that for most of the methods the correlation is far
poorer than would be required for professional laboratory application. Thus,
although some practices owning these machines still do rely on them for
routine work-up of non-emergency cases, many now realize that their place, if
they are used at all, is in the near-patient emergency testing category, confining
their use to the tests which are less poor performers (such as urea), con-
centrating on gross deviations from normal and not trying to read subtleties
into smaller abnormalities which the accuracy of the methods is not really good
enough to support.

Thus the thrust of this edition, contrary to expectations of twelve years ago,
is much more towards the practitioner in partnership with the professional
laboratory, performing relevant side-room tests where appropriate, but relying
on the referral laboratory for the bulk of the routine testing and non-emer-

gency case work-up.
So, does that mean that the clinical student or the practitioner can put this

Laboratory medicine in case management  ix

it;o:/l: ::wn: shlt t:‘ack. armd wait for the clinical pathologist to tell him or her what
e g Wwith the patient and what to do about it? Well, no. Two heads are
inSig});t ini::etl;l :h::s :r::; ‘thhe person who h?s actually seen the patient has an
iy r:c cannot be replicated simply by reading even the
Gy o gl |st|ory. t?ven the smartest clinical pathologist occa-
P \ : mg)f obvious, and really successful use of the labora-
tory on ;.xn intelligent dialogue between the clinical pathologist and a well-
informed and interested practitioner, |
se{;lt':;enior;nat of the I?ook remains.based on the lecture notes approach. Some
oA Of comparatively basic science have been included, but the rule has
informatci::e;'so::i);i;f;'ose area:s which are genuinely relevant to clinical use. The
morma : y o::gamzed on a test-by-test basis as this is still the
way into the subject for the student, and it is important to have some
way of assessing all the possible clinical implications of a single result. How:
:he :ys.tematic reassembly of the data has been expanded to .give :1:'2
r:;z ,-:_‘s [;2 C:J:Izdpa::;arn ref:ogmtion aPproach to interpretation of laboratory
e ‘?rmaﬂo‘n_ regarding treatment and case management is
s o speci .IC conditions, but in general, information which is easily
e :t er basic texts has not been duplicated. Very unusual and rare
a\,aj|ab|en;, t;:e ::‘s:r t;een o.n?itted, as have tests which are not likely to be
o gd al practitioner, and for information on these subjects the
eierred to more advanced textbooks such as those listed on p. 355.
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Th
an:;";nr:s:l ;;,:;;::idusé t:f Iaboratou‘-y work in veterinary practice is as an
i o and.r er applications such as assessment of severity of the
s esponse to tre.atment tend to be secondary to this. It is
o usetul to consider where this type of procedure fits into the
anagement of a case. generel
Th?s-hi: silr:e::::go\:, Lait::ratory medi.cine is, first catch your differential diagnosis.
clnical grounds must be arrived at, at least to a first approximation, on
some thoary ab,OUt Wht: tv.f.-ry sllmple reason that only when you have at least
carey ot v Y IS going on can you begin to decide which tests to
;.At the most basic level, one first has to decide whether laboratory investi-
gation (blood .analysis or micrabiological investigation), or radiography or
other. :.ﬂagr:ostlc imaging, or electrocardiography or whatever, is the mo
promising initial route to pursue. ' )
. The second .step is to try to ask the lab g specific question. The clearer you are
in y?ur own mind just what question you want answered the easier it will b
decide which tests to ask for, to interpret the results when you get the b:t:
and to realize when your question is, jn fact, not one which a Iaboratm o
really answer. For example, to consider a dog with severe acute vomiti‘;;y ;;::




X

Introduction

may decide to ask ‘Does this dog have acute pancreatitis or is it in renaF fail-
ure?, which leads straightforwardly to one set of test requests (amylase, ||pasle
and urea and creatinine), or you may want to know ‘How dehydrated is this
dog and which ifv fluid should | be giving?', which leads to a different set .of
requests (total protein, albumin and electrolytes). Both questions are quite
valid, both questions can be answered by the laboratory, but only you can
decide which one you want to ask or whether you want to ask both. Or to
consider a different point, ‘Is this cow hypotalcaemic?!" is obviously a rea‘lrsrtl'c
question, but ‘Does this cow have a fractured pelvis, or obdurator paral)‘fsm? is
not really something which a laboratory is going to be able to answer with alny
real certainty. Here the formulation of the question, as opposed t0-|l..lst writing
‘downer cow', can help clarify both the extent and the limitations of tf?e
information which the laboratory can be expected to provide. It is importantin
this context to realize that while laboratory data can be highly revealing in a
large number of areas, there are certain areas of medicine where gen'eral
‘routine’ blood tests are usually not particularly informative, at Jeast in a
diagnostic sense. These include respiratory disease. most orthopaedic condi-
tions and the majority of neurological cases.

Next, translate your question into a request for specific tests to be done. In
order to do this it is necessary to know what information can be gained frf:m
each of the available tests and what is its likely applicability to the situation
under consideration. This aspect occupies the bulk of the scope of this b09k.
However, in spite of this, it is probably the actual formulation of the question
which requires the most clinical skill, and turning this into a specific .request
soon follows on naturally. A single result is seldom pathognomonic for a
particular disease, however, and the judicious selection of the most ap‘pro-
priate range of tests for each case is very important. It is necessary to s‘truke a
balance between requesting dozens of tests (which can be very expensive and
may even lead to the relevant information being overlooked in the deluge of
results), and the often false economy of restricting requests to one‘or_ tw? tests
per sample. As one becomes more familiar with the extent and hrmtau?ns of
the information available from each test this process of acquiring maxlmtfm
information from a reasonably small number of tests becomes easier and eager
(the approach to this is outlined in Chapter 1 5). In addition, m;_my iaboratc!nes
have now adopted the approach to profiling first outlined in the previous
edition of this book, where profiles are designed around common major
presenting signs rather than an an organ-by-organ bas.is. Profiles designed. in
this way provide a short-cut to the most rational selection of tests by ensuring
that all the differential diagnoses are covered which should realistically be
considered when that presenting sign is present — for example, the polydipsia
profile for dogs will include calcium, as hypercalcaemia is an .extremely
important but uncommon cause of polydipsia which might otherwise ‘be for-
gotten when selecting tests. Nevertheless, it is still good practice to ‘engage
brain before ticking boxes’, as sometimes an extra test or two might be needed
to cover particular circumstances, or you might be confident enough that
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certain conditions are not on the cards to allow a less extensive range of tests
to be requested. Once you have decided on what information you require from
the laboratory and which tests you need to acquire it, you are ready to collect
and submit your sample.

The fourth step is to consider the results in the context of the whole clinical
picture. The conscious act of formulating your original question will make this
step much easier, in that when you ask a specific question you tend to have
some idea in mind of the answers you are likely to receive, and of your
probable response to these answers. However, this stage is definitely the time
for some lateral thinking. Even in cases where the answer to the original
question seems fairly straightforward, it is well worth asking ‘Is there any
other explanation which could fit all the facts of this case?’, and in cases where
unexpected or even apparently inconsistent results appear then it is essential
to consider the situation in some depth. There is a sort of laboratory ‘cringe’
which says ‘where the clinical picture and the lab results disagree then you
should always believe the clinical picture’, but this view is misleading. Results
from a reliable laboratory should never be ignored just because they don't fit
your cosy little theory — and if you can’t rely on your laboratory, you
shouldn’t be using it. When arriving at a diagnosis it is essential to look every
single fact straight in the eye and to come to a conclusion which can be
reconciled with all of them. A laboratory result, normal or abnormal, is a fact
just like any other piece of clinical information and should be given its due
consideration. Obviously in each case some facts will weigh more heavily than
others, and the decision as to just how much importance to give to each item
involves a great deal of clinical skill which takes time and experience to
acquire. Unfortunately there are no easy generalizations like ‘clinical facts are
always more important than lab facts’ (or vice versa!) to help here, and there
is really no substitute for a thorough knowledge of the significance and impli-
cations of all your findings.

The final maxim to bear in mind is sample before treatment whenever possible.
The rather desperate approach to laboratory medicine which views lab
investigations as a'last resort when all actempts at ‘diagnosis’ by response to
treatment have failed causes some veterinary surgeons to come unstuck at this
point. It is true that antibiotic treatment is not often a direct cause of trouble
with haematology or biochemistry tests (though it can play havoc with any
bacteriology you may subsequently decide to do) but the ubiquitous corti-
costeroids have a wide range of haematological and biochemica! effects which
can mask vital information of diagnostic significance. Other culprits are fluid
therapy (especially when the fluid contains glucose) and mineral preparations
such as calcium borogluconate. Clearly, it is difficult to avoid the situation
where a farmer has administered every nostrum in his cupboard before you
arrive, but it is good practice, whenever treatment is about to be instituted, to
consider ‘Am | likely to want any laboratory work done on this case, and if so,
am [ going to regret not having a pre-treatment sample?’ Even in circumstances
Wwhere treatment must be started before any results will be received — a fairly
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frequent occurrence —a pre-treatment sample can be invaluable and can save a
jot of time and trouble in the long run.

Basic principles of haematology and biochemistry

Haematology is the study of the cellular elements of the blood and the asso-
ciated clotting factors, and can be extended to include cytology of non-blood
fluids such as cerebro-spinal fluid (CSF). It is a subject which can provide a great
deal of useful information, but, like all diagnostic tests, intelligent assessment of
the results is vital. In some ways haematology can be easier to cope with than
biochemistry, if only because the easy option of a ‘full blood count’ or ‘general
series’ examination is available on all lab request forms. This means that it is
actually quite easy to bypass the mental disciplines outlined above which lead
up to the selection of individual tests. However, if you omit this prior con-
sideration of why you are taking this sample and what conclusions you might
expect to derive from the results, you must expect to compensate by a par-
ticularly thorough assessment of the findings once you receive the results.
Remember also that haematology can only tell you what is happening, directly
or indirectly, to a fairly small number of circulating cell types, and that the
actual number of tests available is quite limited. For general metabolic inves-
tigations the wider range of tests and the more direct nature of the information
offered by clinical biochemistry is at least as helpful, possibly more so, and
normal practice should be to consider both disciplines side by side when
deciding on the range of tests required for each case.

Clinical biochemistry is a very different subject from pure biochemistry and an
antipathy to the latter acquired in early student days should not deter anyone
from tackling the former. Basically, clinical biochemistry involves the analysis of
samples of body fluids, principally plasma (though occasionally other samples
are used such as urine, faeces, CSF and pleural and peritoneal fluids), and the
use of the results to clarify the clinical picture. The nature of the subject and the
much larger number of ‘routine’ tests on offer mean that, in general, a wider
range of specific information is available from biochemistry than from hae-
matology, but also that a single group of tests cannot be regarded as a basic
‘profile’ applicable to all (or nearly all) situations. Judicious selection of the
appropriate tests for each individual case is therefore of particular importance
in clinical biochemistry.

‘Normal values’

Many publications quote apparently rigid ‘normal values' for biochemical and
haematological measurements, sometimes to an extraordinary number of
significant figures. The fact that it is extremely rare to find two publications in
absolute agreement on these numbers demonstrates clearly the artificiality of
this situation.

‘Normal values’ xiii

The spread of values from ‘normal’ individuals for most constituents
(excluding some enzymes) takes the form of a normal distribution curve (see
Fig. A.l). If the limits of this curve are defined as the mean +2 standard
deviations then very rigid values to any number of significant figures can be
derived. However, these limits will of necessity exclude 2.5% of all normal
individuals on each side of the curve — how can you know that your individual
patient is not one of this 5%!? In addition, it is important to realize that a value
within these limits is not necessarily ‘normal’ for every individual animal — one
which was towards the lower part of the range when healthy may have a
genuinely pathologically evaluated value when ill, which is still within the sta-
tistically ‘normal’ limits. Thus on either side of every ‘normal range’ there is a
grey area where a result may be normal or may be abnormal, and only sta-
tistical probabilities of its being one or the other can be quoted. In dealing with
individual results in these grey areas it is particularly important to take other
factors into consideration, both clinical signs and other laboratory results.
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Fig. A'.l Schematic representation of the distiibution of results for a figurative laboratory test
showing overliaps of ‘normal” and pathological ranges

As a consequence of this, only approximate guideline values are given in this
book for each constituent, and when interpreting actual results the modifying
effects of species (only the very major species differences are highlighted),
breed, sex, age, diet and management systems must be taken into account. It is
this multiplicity of species, breeds and patient ‘lifestyle’ differences which make
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veterinary laboratory medicine a bit of an art as well as a science, and there is
no doubt that the best way to become proficient in interpreting laboratory data
is to examine numerical results for as many actual cases as possible. In parti-
cular, remember that it is much more important to know what degree of
weight to attach to a particular level of deviation from normal (e.g. insignificant—
il—dying) than to be able to quote glibly memorized ‘normals’.

There is also the question of methodological variation. Since the advent of
external quality assessment in NHS laboratories in the 1960s, great attention
has been paid to uniformity of reference ranges and results between labora-
tories. This ‘inter-laboratory precision’ ensures that patients with chronic ill-
nesses who move from one part of the country to another do not run into
serious problems when their new consultant is faced with results from an
unfamiliar laboratory with unfamiliar reference ranges. University, state and
commercial veterinary laboratories have also benefited from these schemes
and participated in them, and nowadays any discrepancies between labora-
tories’ reference ranges should be minor and insignificant (with perhaps a few
specific exceptions such as alkaline phosphatase (ALP), where method differ-
ences can still have an appreciable effect). Thus it is possible to quote general
guideline values which are fairly universally applicable, and it should not be
necessary either to completely relearn the subject when changing laboratories,
or to be constantly enquiring ‘what is your reference range for this analyte?”.

Units

The changeover from the old ‘conventional’ (mostly gravimetric in biochem-
istry) units to the modern ‘SI’ (mostly molar in biochemistry) units has created
some considerable confusion, particularly among clinical users who just want
to know what is wrong with the patient and don't want to be bothered with
technicalities. This was probably inevitable at the time, but now that it is at least
25 years since the actual changeover it is about time things settled down.

In haematology there has been comparatively little trouble, in that the
adoption of the litre as the standard volume of measurement has usually
involved either a simple change in the name of the units (or in the power of 10
included in it) while leaving the actual number unaffected, or at the most there
has been a shift in the position of the decimal point. So, mean corpuscular
volume (MCV) has moved from cubic microns (u3 or cu.p) to femtolitres (fl)
with no change in the number (as they are actually the same thing), while
packed cell volume (PCV) has changed from a percentage to a decimal fraction,
which in effect moves the decimal point two places to the left (the decimal
fraction is sometimes labelled ‘I/I', but this is a non-unit in which the top and
bottom cancel out — gallons/gallon would be equally valid, as PCV is in fact a viv
ratio). One place where care is required is where a unit of ‘ x 103/mm® or
‘thousands/cu.mm’ has been replaced by ‘x 10°/I', as with white cell and
platelet counts. The numerical result has not in fact changed, but as some
people were in the habit of quoting the figure as so many thousand, it is possible
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to fall into the (sometimes potentially dangerous) trap of reporting a result as
several thousand x 10%/l, which is of course out by three orders of magnitude.

Biochemistry unit changes have been more complex because the actual
numbers involved have been affected. Historically, plasma constituents were
measured by weight (usually mg/100 ml), but subsequently all branches of
chemistry and pure biochemistry adopted molar concentration units as the
only realistic way to describe reaction processes. In the early 1970s clinical
biochemists also changed to molar (SI) units to describe concentrations of
plasma constituents, as these are obviously much more meaningful in real
terms. However, a few countries have lagged behind in this and the USA in
particular has still failed to address the situation even at the beginning of the
twenty-first century. This means that the old gravimetric units are still to be
found not only in pre-1975 books and journals, but in modern American
publications, and the table of conversion factors given below (Table A.1) should
be used to convert these figures to the S| equivalents whenever they are

Table A.1 Conversion from old ‘gravimetric’ biochemistry units to SI units
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London. ISBN 0340576472

Piccoli, G.. Varese, D. & Rotwnno, M. (1984) Atlas of Urinary Sediments: Diagnosis and
Clinical Correlations in Nephrology. Raven Press, New York. ISBN 0890005070

Smith, A. F., Beckett, G. ). Walker, S, W. & Rae, P. W. H. (1998) Lecture Notes on Clinical
Biochemistry, 6th edn. Blackwell Science, Oxford. ISBN 0632048344

It is unwise to adopt procedures and recommendations from human medicine without
checking on their applicability to veterinary species; nevertheless, it is advantageous to
acquire some familiarity with the field. These human texts have the advantage over
major veterinary reference works of being UK publications, thus using more fam|liar
language and 51 units, They are aimed ar the medical undergraduate/house physician, and
contain some very practical common sense.

Note: Page numbers in italic refer to figures; page numbers in bold refer to tables and boxes

acetonaemia 120-214, 24
acid phosphatase (ACP) 146
acidosis 86, 87, 88, 124, 170
acromegaly |15
acute abdomen, diagnostic panel 215-16
acute anaemia see anaemia, acute onset
acute phase proteins 73—4
Addison’s disease 84-5
case example 228
diagnostic panels 216
endocrine testing 49, 157-9
erythrocytes (red blood cells) 6-7, 27
fluid therapy 89
hyperkalaemia 84
hyponatraemia 82-3
iatrogenic |59
adenocarcinoma 92
adenoma (of thyroid gland) 159, 160
adrenal gland, endocrine tests 149-59

adrenocorticotrophic hormone (ACTH) 6, 149,

150-53, 154-6
Ag/Ab reactions |7, 22—4
alanine aminotransferase (ALT) 138, 140-41,
323
albumin 73, 76
hypoalbuminaemia 78-9, 92
case example 78
algorithms 209-10, 211
alkaline phosphatase (ALP) |41—4, 155
alkalosis 86, 87, 170
allergy, leucocytes and 55-6, 57
ammonia 103-4, 108-10
hyperammonaemia 103—4, 10910
x-amylase 144

amyloidosis 172
anaemia 4, 12-29, 202
acute onset 13-17, 29
haemolytic 16—17, 28, 98
haemorrhagic 1416, 28
chronic (gradual onset) 18-28, 29
haemolytic 21-5, 29, 236
haemorrhagic 18-21, 29, 237
hypoplastic/aplastic 25~8, 29, 238
differentiation of causes 28-9
anaesthesia, pre-anaesthetic screening 2212,
310
Anaplasma spp. 30
anticoagulants 41, 94, 244, 245, 246, 248
antifreeze poisoning 92
aplastic anaemia 27-8, 29
ascites 174, 175
aspartate aminotransferase (AST) 136, 140
athletes 11
autoimmune diseases
Addison’s disease 84-5, 228
diabetes mellitus |14, 231
haemolytic anaemia (AIHA) 17, 21, 224, 236
hypoparathyroidism 94
hypothyroidism 164, 230
neutropenia 53
thrombocytopenia 38, 39, 43, 44, 45
automated differential counter 318-19, 343
automatic pipettes 287, 350, 35/, 352, 353

Babesia spp. 17, 30

basophils 58-9
basopenia 59
basophilia 58-9
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function and kinetics 58
morphology 58

bile 178

bile acids 12931
testing 109, 110, 131

biliary tract, obstructive biliary disease 128, 143,

202
bilirubin 5, 16, 23, 127-9, 171, 279-80, 282
biochemistry v
basic principles xii, 69-70
units of measurement xiv-xv, |35-6
bladder
cystocentesis 260
rupture of 105-6, 176
case example 106
blood
bleeding see haemorrhage
blood films 2767
preparation 29-4
spreading 293, 294
staining 2945
blood urea nitrogen (BUN) 101
coagulation 3947
anticoagulants 41, 94, 244, 245, 246, 248
defects 41-7
mechanism 39, 40
side-room testing 296-300
haematurla/haemoglobinuria 170-7]
occult blood 20, 173
in periconeum/pleural cavity 175, 176
platelets see thromboceytes (platelets)
red cells see erythrocytes (red blood cells)
sample collection 244-59
equipment 244-6, 247, 248-50, 25/, 252
haemolysis 254-5
lipaemia problem 255—¢
site 244, 257
technique 252-3, 257, 258, 259
volume 2534
waste disposal 256
sample processing 264-5
transfusion 31—4
administration 33
collection procedure 32-3
cross-matching 3001
dogs 32-3
donor choice 32
immunological considerations 31—-2
indications 31
non-canine species 33—4
storage of blood 33

white cells see leucocytes (white blood cells)
blood vessels, portosystemic shunt 109, 130
bone 142

damage to 205-6

marrow 3, 35, 50, 55, 59

hypoplasia/aplasia 25-8, 54, 238

bracken poisoning 20, 27-8
brassica poisoning 17, 22
burns 77

calcium 41, 914, 95—¢
hypercalcaemia 91-2
hypocalcaemia 92—4
case example 93
caleuli 172
carbimazole 54, 160, 165
carbohydrate
deficiency 102, 124, 125
metabolism |1 ]-25
fructosamine 123
glucose 111-22
glycated haemoglobin 1234
glycated proteins 122
ketone bodies 124-5, 171, 279
carcinoma (of thyroid gland) 159, 160
cats
acromegaly |15
anaemia
haemolytic 17, 22, 25
haemorrhagic 20
hypoplastic 27
bilirubin 127
blood samples
collection 244, 257, 258-9
processing 264, 265
blood transfusion 33—4
Cushing’s disease 115, 149, 150
diabetes mellitus 114, 115, 117
diagnostic panels 215-16
pattern recognition case examples 234~5
enzymes 138, 14041, 144, 145
erythrocytes (red blood cells) 7-8, 10
feline virus testing 181-96
immunodeficiency virus (FIV) 53, 190-92,
284
infectious peritonitus virus (FIP) 74—, 178,
192-6, 235, 284
leukaemia virus (FelV) 62, 63, 181-90, 284
side-room testing 284
hyperthyroidism 94, 159-61, 165, 234
hypocalcaemia 92, 94
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increased total protein concentration 74,193
infectious peritonitis 74, 178, 192-6, 235
leucocytes (white blood cells) 49
eosinophils 55-4, §7
lymphocytes 62, 63
neutrophils 51, 53, 63
leukaemia 62, 63, 65
virus testing 63, 181-90
lymphosarcoma 176
pancreatitis |44, 202
polycythaemia 13
potassium 83, 85-6, 87
renal failure 104
urine sample collection 259
cattle
acetonaemia 120-21, 124
blood sample collection 244
diagnostic panels 215, 21719
downer cow 85, 95, 217
erythrocytes (red blood cells) 4,7, 10
hypocupraemia 98-9
hypoglycaemia 120-21
hypomagnesaemia 97
hypophosphataemia 95
leucocytes (white blood cells)
lymphocytes 6|
neutrophils 64
milk fever 92, 93
potassium 85
centrifugation 265, 302—4, 319-20
cerebro-spinal fluid 178-80
sample collection 261
side-room testing 283
chloride 81, 86~7
hyperchloraemia 87
hypochloraemia 87
cholesterol 131-2, 279
Christmas disease 42
chronic anaemia see anaemia, chronic (gradual
onset)
chronic interstitial nephritis 104-5
chyle 177-8, 283
client expectations, practice laboratories and
31011
clinical biochemistry, basic principles xii, 69-70
coagulation 3947
anticoagulants 41, 94, 244, 245, 246, 248
defects 41-7
acquired 434
diagnosis 43-5, 46
hereditary 41-2, 43, 45

treatment 45, 47
side-room testing 296~300
cobalt 99
cold agglutinin disease 23
Compton Metabolic Profile test 218—19
congenital conditions
chronic haemolytic anaemia 245
nephritis 172
portosystemic shunt 109
urea cycle metabolism error 109
Conn's syndrome 82, 86
consumption coagulopathy 37-8
copper 17, 98
cortisol 6, 64, 84, 112, |13, 115, [49-59
Coulter principle 318, 34043, 341, 342
coumarins 41
acute haemorrhagic anaemia and poisoning
with |5-16, 43
creatine 106-7
creatine kinase (CK) 107, 136, 138-9
creatinine 106-8
urine 155, 169, 172
critical-care meters 280~81
cryptococcosis |79
Cushing's disease 82, 150-57
case example 229
cholesterol 132
diabetes mellitus and 113, 115
endocrine testing 149, 150-57
enzymes |43
equine 149, 156-7, 166
iatrogenic 157
leukocytes 58, 64
urea concentration 103
cyanosis 12
cystitis (70

Darrow's fluid 89
decision trees 209-10
defensive medicine 22|
dehydration
chloride and 87
increased total protein concentration and 74
polycythaemia and 10
urea and 104
dexamethasone screening test |53—4
dexamethasone suppression test |54, | 567
dextrose saline solution 89, |13
diabetes insipidus 169
diabetes mellitus 11419, 123, 124, 150, 156-7,
166
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case example 231
Cushing's disease and 113, 115
diagnosis | 16—17, 170, 171, 204
equine 156-7, 166 ’
ketoacidosis 124
lipaemia and 255
monitoring diabetic patient | 17—19, 123—4
types | 14-15
diagnostic panels 212-23
case examples 224-40
core panels 212~15
horses 213, 214
ruminants 215
small animals 212
expanded panels 215-18
acute abdomen/vomiting 215-16
energy metabolism 217
fits/faints/collapse 216
minerals 217-(8
polydipsia/polyuria 215
protein metabolism 217
sick horse 217
skin 216
screening panels 218-22
fitness profiles 219-20
geriatric screening 222-3
pre-anaesthetic screening 221-2, 310
ruminant metabolic profiles 218-19
dipstix tests [70-71, 3012
disseminated intravascular coagulation (DIC)
37-8, 45
dogs
Addison’s disease 84-5, 149, 157-9, 217, 228
anaemia
haemolytic 22-5, 236
haemorrhagic 14-16, 18-21
bleeding disorders 42-3
blood samples
collection 244, 257-8, 258
processing 264-5
blood transfusion 32-3
bone marrow aplasia 238
creatinine 106
Cushing's disease |15, 143, 149-56, 229
diabetes mellitus | 14—19, 150, 231
diagnostic panels 212-13, 21516
pattern recognition case examples 224-33,
236-8
enzymes 4045, 145
erythrocytes (red blood cells) 4, 5, 7, 10
hyperammonaemia 1081 0, 130

hyperthyroidism 160
hypocalcaemia 92, 94
hypoglycaemia 120, 12}
hypothyroidism 161—4, 165, 230
leucocytes (white blood cells)
eosinophils 56, 58
lymphocytes 60, 63
monocytes 59
neutrophils 54, 63
lipaemia 255
nephrotic syndrome 78
pancreatic insufficiency 144-5, 173, 203
pancreatitis |44, 202
paraproteinaemia 233
polycythaemia ||
portosystemic shunt 109, 130
potassium 83
pyometra 232
renal failure 104-5
rupture of neoplasm 237
sex hormones 167
thrombocytopenia 37-9, 44
urine sample collection 259
downer cow 85, 95, 217

eclampsia 92
ehrlichiosis 17, 74
electrolytes 81-8
chloride 81, 867
fluid ctherapy 89-90
potassium 81, 83—6
side-room testing 280
sodium 81, 82-3
total CO, 88
electrophoresis 75, 76
ELISA tests 182-6, 191
emergency care, practice laboratories and 307-8
endocrine tests
adrenal cortex 149-59
pancreas 165—6
sex hormones 1668
thyroid gland 15965
endothelium, platelet function and 36-7
enteric coronavirus 194
enzymes | 3547
individual enzyme interpretation |38—47
normal values 136, 137-8
units and measurements |35-6
eosinophils 548
eosinopenia 57-8
eosinophilia 55-6
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case example 57
function and kinetics 55
morphology 54-5

equipment

blood sample collection 24452
evacuated glass tubes (Vacutainer) 246,
247, 248-9
plastic blood collecting syringes
(Monovette) 249-50, 25/, 252
screw-topped tubes 2446
see also practice laboratories, instruments

erythrocytes (red blood cells) 3—-34

abnormalities
anaemia 4, 12-29
polycythaemia 10-12, 13
breakdown 5
interpretation of parameters 7-10
case example 9
erythrocyte sedimentation rate (ESR) 10
haemoglobin concentration 9
mean cell haemoglobin (MCH) 9
mean corpuscular haemoglobin
concentration (MCHC) 7, 8
mean corpuscular volume (MCV) 7-8
packed cell volume (PCV) 6, 7
sample artefacts 9
total red cell count 9
lifespan 4-5
morphology 18-19, 21, 22-3, 25, 29-30
production (erythropoiesis) 3—4
control of 5-7
stages 4
sedimentation rate 10
size7, 8
steroid effects 64
erythron 3
erythropoietin (EP) 5-6, | 1-12
ethylene glycol poisoning 92
exocrine pancreatic insufficiency 144-6, 173,
203

faeces 172-3
occult blood 20, 172
sample collection 260-61
sample processing 266
side-room testing 284
trypsin test 173
undigested food elements 173
Fanconi syndrome 171
fat metabolism
absorption test [33—4

cholesterol 131-2, 279
glycerol 1324
triglycerides 132-3, 279
feline immunodeficiency virus (FIV) 53, 190-92,
284
feline infectious anaemia (FIA) |17
feline infectious peritonitis (FIP) 74-6, 178,
192-6, 235, 284
feline leukaemia virus (Fel.V) 62, 63, 181-90, 284
financial considerations, practice laboratories
312-14
fitness profiles 219-20
fits/faints/collapse, diagnostic panel 217
fluid therapy 88-90, | 13-14
fructosamine [23
furniture, practice laboratories 332, 333

geriatric screening 222-3
globulins 73-8
glomerulonephritis 77, 170, 172
glucose 111-22
causes of variation in plasma glucose
concentration |22
diabetes mellitus 1 14-19
hyperglycaemia 113-19
hypoglycaemia | 19-21
case example 120
renal glucose threshold 112-13, 171
side-room testing 278-9
tolerance/absorption tests 121-2
in urine 112-13, 171
glutamate dehydrogenase (GDH) 14|
y-glutamyt transferase (yGT) 141
glutathione peroxidase (GSH-Px) 99, 147, 265
glycerol 1324
grass staggers 97

haemangioma 15, 21, 237
haemangiosarcoma 15, 21, 237
haematocrit see packed cell volume (PCV)
haematology
basic principles xii, |
units of measurement xiv-xv
haematuria 20, [70-71
Haemobartonella spp. 17, 30
haemoglobin 3, 5, 9
glycated 1234
haemoglobinuria 16, 170-71
haemolysis of blood samples 254-5
haemolytic anaemia 16—18, 21-5, 127-8, 202
acute onset |6—17, 28, 98
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chronic (gradual onset) 21-5, 29, 236
haemophilia 42, 45
haemorrhage
acute haemorrhagic anaemia 1416, 28
in bleeding disorders 45, 47
chronic haemorrhagic anaemia 18-21, 29
decreased total protein concentration 77
sub-arachnoid 180
urea concentration and 102
Hageman trait 42
Hartmann's fluid 88, 89, 90
heart failure 104, 174, 226
heparin 41, 70, 244, 256
hormones see endocrine tests
horses
anaemia
haemolytic 17, 22
haemorrhagic 15
nutritional 26, 220
bile acid testing 129-30
bilirubin 127, 280
blood samples
collection 249
processing 264, 265
creatinine 106
Cushing's disease 149, 156-7, 166
decreased total protein concentration 77, 78
diabetes mellitus 114, L 15, 156, 166
diagnostic panels 213, 214, 217, 219-20
pattern recognition case examples 239-40
electrolytes
chloride 86-7
potassium 83, 85, 220
enzymes 136, 138, 139, 140, 141
erythrocytes (red blood cells) 8, 10
fitness profiles 219-20
glucose absorption testing 122
hyperlipidaemia 127, 133
hypocalcaemia 92
hypoglycaemia |19
hypophosphataemia 95
hypothyroidism 161
leucocytes (white blood cells)
lymphocytes 61, 64
neutrophils 53, 64
lipaemia 255
peritoneal fluid sample collection 261
polycythaemia 10, |1
protein-losing enteropathy 77, 240
ragwort poisoning 110, 142
sex hormones 168

thrombocytes (platelets) 35

urine sample collection 259-60

virus infections 53, 78, 239

warfarin poisoning 15
hydrocephalus 180
hydroxybutate dehydrogenase (HBDH) 139
hyperadrenocorticism see Cushing's disease
hyperammonaemia 1034, 109-10
hypercalcaemia 91-2
hyperchloraemia 87
hypercholesterolaemia 131-2
hypercupraemia (copper poisoning) 17, 98
hypereosinophilic syndrome 55-6
hyperglycaemia |13-19
hyperinsulinsim 120, 165-6
hyperkalaemia 83-5
hyperlipidaemia 127, 133, 255
hypermagnesaemia 97
hypernatraemia 82
hyperphosphataemia 94-5
hypersensitivity, leukocytes and 55-6, 57, 59
hyperthyroidism 54, 55, 93-4, 140, 143, 159-61,

165, 234

hypoalbuminaemia 78-9, 92, 172, 174

case example 78
hypocalcaemia 92—4

case example 93
hypochloraemia 87
hypocupraemia (copper deficiency) 26, 98
hypoglycaemia | 19-21

case example 120
hypokalaemia 85-6, 87
hypomagnesaemia 97
hyponatraemia 82-3
hypophosphataemia 95
hypoplastic anaemia 25-8, 29, 238
hypoproteinaemia 75-9, 174
hypothyroidism 27, 132, 1614, 230

iatrogenic Addison's disease 159
iatrogenic Cushing’s syndrome 157
immunofluorescence assay (IFA) 181, 186-7,
191, 194
immunoreactive trypsin (IRT) 134, 144-6
infections
cerebro-spinal fluid 179
globulins and 74
haemolytic anaemias and 17, 22
leucocytes (white blood cells) and 52, 534,
62-3
pyothorax/septic peritonitis 175
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urinary tract {70
viral see virus infections
insulin 112, 11419, 120, 165
hyperinsulinsim 165-6
insulinoma 120, 165, 204
intestines
damage 1434, 204
investigations 204-5
malabsorption 77, 122, 1334, 205
protein-losing enteropathy 77, 240
ion specific electrode (ISE) 280
isotonic saline solution 88

jaundice 16, 129, 202

ketoacidosis 124
ketone bodies 124-5, 171, 279
kidneys
chronic interstitial nephritis 104-5
clearance ratios 96
creatinine concentrations and 106-8
damage to 199
dysfunction 104-5, 106-8, 199-200
enzyme testing 1467
erythropoietin (EP) production 5
hypoplastic anaemia and 267
neoplasia and |2
glucose threshold 112-13, 171
hypercalcaemia and 92
hyperkalaemia and 83—4
hypermagnesaemia and 97
hyperphosphataemia and 94-5
hypocalcaemia and 92-3
hypokalaemia and 86
hyponatraemia and 82
investigations 199-200
nephrotic syndrome 78, (32, 172, 200
protein loss 77
protein-losing nephropathy 170, 172, 200
renal failure 6, 26-7, 83, 92-3, 94-5, 97,
104-5, 106-8, 224
renal insufficiency 104-5, 106-8
trauma to 171
urea concentrations and 104-5

labelling of samples 262

laboratories vii-ix, 268-74
case management and ix-xii
choosing 268-70, 2724
reliability xi, 243, 272--3
requesting tests 210-12

request form 262—4
sending samples by post to 266-8
types of 270-71
using 268-70, 274
see also practice laboratories; side-room
testing
lactate dehydrogenase (LDH) 139-40
lega! liabilities, practice laboratories 311
leishmaniasis |7
leucocytes (white blood cells) 4965
basophils 58-9
counting 49-50
development 50, 5/, 60, 61
eosinophils 548
granulocytes 50-59
lymphocytes 60-64
monocytes 50, 51, 59-60
neutrophils 51—4, 63—
rare circulating cells 65
side-room testing 277
methods 287-91, 295, 296, 320
steroid effects 52, 57, 58, 5960, 62, 645
leukaemia 53, 56, 62, 63, 65
feline virus testing 63, 181-90, 284
lipaemia 255-6
lipase 144
liver 200-2
bleeding disorders and liver disease 43
damage 14041, 201
dysfunction 43, 77-8, 105, 109-10, 128,
129-30, 201
hypercholesterolaemia and 132
investigations 200-2
modified transudate and liver disease 1745
ragwort poisoning 110, 142
lymphocytes 60—64
development 60, 61
function and kinetics 61
lymphocytosis 61-2
lymphopenia 62-3
morphology 61
neutrophil/lymphocyte ratios 63—4
fymphosarcoma 38, 54, 74, 92, 175-6

magnesium 97

malabsorption 77, 122, 1334, 205

masked granulocytosis 52

mast cell tumours 56, 65

mean cell haemoglobin (MCH) 9

mean corpuscular haemoglobin concentration
(MCHC) 7.8




364 Index

mean corpuscular volume (MCV) 7-8
megakaryocytopoiesis (platelet/thrombocyte
production) 35, 36
melaena 20
milk fever 92, 93
minerals 91-9
calcium 91-4, 956
clearance ratios 967
cobalt 99
copper 98-9
hypoplastic anaemia and mineral deficiency 26
magnesium 97
phosphate 94—6
selenium 99
monitoring treatment, practice laboratories and
309-10
monocytes 5960
development 50, 5/
function and kinetics 59
monocytopenia 60
monocytosis 59-60
morphology 59
Monovette 249-50, 25/
muscles
damage to [38-40, 206-7
dysfunction 207
muscular dystrophy 99, 207
myeloma 74, 233

neoplasia

adenocarcinoma 92
adenoma (of thyroid gland) 159, 160
anaemias and

haemorrhagic 14-15, 21

hypoplastic 27
bracken poisoning and 20
carcinoma (of thyroid gland) 159, 160
case examples 120, 225
cerebro-spinal fluid 180
erythropoietin (EP) producing neoplasm of

the kidney 11-12

haemangioma 15, 2t, 237
haemangiosarcoma 15, 21, 237
insulinoma 120, 165, 204
lymphosarcoma 38, 54, 74, 92, 175-6
mast cell cumours 56, 65
myeloma 74, 233
neoplastic effusion 175-6
rupture of 14-15, {76, 237
Sertoli cell tumour 167
thrombocytopenia and 38

see also leukaemia
nephrotic syndrome 78, 132, 172, 200
Neubauer ruling 290
neutrophils 514, 63—4
function and kinetics 52
‘left shift’ 54
morphology 51-2
neutropenia 53—4
neutrophilia 52-3
neutrophil/lymphocyte ratios 634
nitrites 170
nitrogenous substances 10110
ammonia 103—4, [08-10
creatinine 106-8
urea 1016
normal values xii, xiii, xiv, /36, 137-8
nutrition
deficiencies 25-6, 95—6
hypoplastic anaemia and 25-6
protein 77
malabsorption 77, 122, 1334
urea and 102

obstructive biliary disease 128, 143, 202
occult blood 20, 173

oedema 79, 174

oestradiol 167, 238

oestrogens 6, 7, 28, 167

oestrone sulphate 168

ostertagiasis 146

ovucheck premate test 167

oxalate poisoning 92

packed cell volume (PCV) 6, 7
abnormal (anaemia) 4, 12-29, 202
acute 13-17, 29
case examples 2368
chronic 18-28, 29
differentiation of causes 268-9
abnormal (polycythaemia) 1012
absolute 11-12
case example 13
differentiation of causes |2
relative 10-11, 12
side-room testing 276, 284-7, 320
heat-sealing PCV tubes 286
reading result 287
pancreas
damage 144—6, 202-3
dysfunction 144-6, 173, 203—+4
endocrine tests 1656
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exocrine pancreatic insufficiency 144-6, 173,
203
insulinoma 120, 165, 204
investigations 144—6, 2024
pancreatitis 93, |14, 144, 145, 146, 202-3
see also diabetes mellitus
paperwork, practice laboratories 334-5
paraproteinaemia 74-5, 233
parasites
chronic haemorrhagic anaemia and 20
hypoplastic anaemia and 27
leucocytes (white blood cells) and 56
red blood cells 30
parathyroid gland 91-2, 93, 94-7
particle counting 318, 340, 34/, 342, 343
parturient paresis (milk fever) 92, 93
pattern recognition 209-10, 211, 223
case examples 224-40
pepsinogen 146
peritoneal fluid 173-8
sample collection 261
side-room testing 283
peritonitis, septic 175
phenylbutazone 28, 77
phosphate 94—6
hyperphosphataemia 94-5
hypophosphataemia 95
phosphofructokinase (PFK) deficiency 23, 24
photometry 343-9
reflectance 348, 349
transmission/absorbance 344-8
end-point methods 344, 345
kinetic methods 346, 347 L4
practical application in laboratory 347-8
pigs
blood sample collection 244
hyperphosphataemia 95
leucocytes (white blood cells) 49
plasma 70-71, 244, 2546, 265
basic principles of plasma biochemistry xii,
69-70
bile acids {29-31
bilirubin 127-9, 279-80
carbohydrate metabolism |11-25
fructosamine 123
glucose 111-22, 278-9
glycated haemoglobin 1234
glycated proteins 122, 1234
ketone bodies 24-5, 279
electrolytes 81-9, 279
chloride 81, 86-7

fluid therapy 88-90
potassium 8/, 83-6
sodium 81, 82-3
total CO, 88
enzymes 135-47
individual enzyme interpretation |38—47
normal values /36, 137-8
units and measurements |135-6
fat metabolism
cholesterol 131-2, 279
glycerol 1324
triglycerides 132-3, 279
haemolysis 2545
lipaemia 255-¢
minerals 91-9
calcium 91-4, 95-¢
clearance ratios 96
cobalt 99
copper 97-8
magnesium 97
phosphate 94-¢
selenium 99
nitrogenous substances 101-10
ammonia 1034, 108-10
creatinine 106—8
urea 101-6, 278, 322
proteins 73-9
decreased total protein concentration 75-9
electrophoresis 75, 76
glycated proteins 122, 1234
increased total protein concentration 74—5
side-room testing 278, 3/5
separation 302—4
platelets see thrombocytes (platelets)
pleural fluid 173-8
sample collection 261
side-room testing 283
poisoning
case examples 227
copper 17, 98
haemolytic anaemias and 17, 22
haemorrhagic anaemias and 15-16
ragwort poisoning 110, 142
polycythaemia 1012
absolute [1-12
case example 13
differentiation of causes 12
relative 10-11, 12
polydipsia, diagnostic panel 215
polyuria, diagnostic panel 215
porphyria, congenital 25
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electrophoresis 75, 76 sepsis steroid-induced alkaline phosphatase (SIAP)
glycated proteins 122, 1234 globulins and 74, 76 144, 155

increased total protein concentration 74-5 leucocytes (white blood cells) and 52, 59 stock-taking, practice laboratories 338
side-room testing 278, 3/5 urea concentration and 103 storage of blood 33, 265

portosystemic shunt 109, 130, 131
post, sending samples by 266-8
post-viral syndrome 53, 78, 239
potassium 81, 83—6

hyperkalaemia 83-5
hypokalaemia 856, 87
practice laboratories 307-53
biochemistry methods 320-24, 344-9
cleaning and tidying 340
client expectations and 31011
desirability 307-24
financial considerations 312—14
furniture 332, 333
haematology methods 318-20, 340-44
instruments
accuracy of results 314, 315, 316—19, 320,
321, 322, 323, 324, 327, 328, 329-3|
biochemistry 326-7, 344-9
calibration 338, 344-5
choice of 324-31
haematology 324-5, 34044
quality assessment 337-8
quality control 335, 336, 337
responsibility for 338
legal liabilities 31|
paperwork 334-5
‘possession object’ 31415
running 335-40
safety 339
setting up 332-5
space 332
staff 333
stock-taking 338
training 3334, 338-9
troubleshooting 339
waste disposal 33940

protein-losing enteropathy 77, 240
protein-losing nephropathy 170, 172, 200
urine 170, 172

purpura, thrombotic/thrombocytopenic 37-8

pyometra 50, 232

pyothorax 175

pyruvate kinase (PK) deficiency 25

rabbits
blood sample collection 244
diabetes mellitus | 14
ragwort poisoning | 10, 142
receptal stimulation test 167
red blood cells see erythrocytes (red blood cells)
refractometry 304, 305, 315
renal see kidneys
requesting tests 210—12
request form 262—4
reticulocytosis 4
Rhesus baby syndrome 7
Ringer’s fluid 88, 89, 90

safety, practice laboratories 339
sample collection 243, 244-62
blood 244-59

anticoagulants 41, 244
equipment 244—6, 247, 248-50, 251, 252
haemolysis 254-5
fpaemia problem 255-6
site 244, 257
technique 252-3, 257, 258, 259
volume 253—4

septic peritonitis 175
Sertoli cell tumour 167
serum 7071, 244, 254-6, 265
separation 3024
sex hormones, endocrine tests |66-—8
sheep
acute haemolytic anaemia 17, 98
copper poisoning 17, 98
diagnostic panels 215, 217-19
erythrocytes (red blood cells) 4
hypocalcaemia 92
hypocupraemia 98
hypoglycaemia 120-21
hypomagnesaemia 97
pregnancy toxaemia 120-21, 125
side-room testing 275-306
biochemistry tests 277-81, 3014, 315, 322,
323
cerebro-spinal fluid 283
faeces 284
haematology 276-7, 284-301, 320
methods 284-306
biochemistry tests 3014
clotting investigations 29630
cross-matching blood for transfusion 3001
haematology 284-96
urinalysis 304—6
peritoneal fluid 283
pleural fluid 283
purpose and scope 275-6
urinalysis 281-3, 304-6
virus serology 284

stress
erythrocytes (red blood cells) and 1011
hyperglycaemia and 113, |17
hypophosphataemia and 95
leucocytes (white blood cells) and 58, 64-5
swayback 98

testosterone 6, 168
tests
pattern recognition and 209-10, 211, 223
case examples 22440
requesting 21012
side-room testing 275-306
biochemistry tests 277-81, 3014, 315,
322, 323
cerebro-spinal fluid 283
faeces 284
haematology 276-7, 284-301, 320
methods 284-306
peritoneal fluid 283
pleural fluid 283
purpose and scope 275-6
urinalysis 281-3, 304-6
virus serology 284
tailored diagnostic panels 212-22
core panels 212-15
expanded panels 215-18
screening panels 218-22
thrombasthenia 39
thrombocytes (platelets) 35-9
abnormalities 37-9
case example 38

waste disposal 256
cerebro-spinal fluid 261
faeces 26061
peritoneal fluid 261
pleural fluid 261
urine 259-60

sample processing 243, 262-8

pregnancy
leucocytes (white blood cells) and 56
toxaemia 120-21, 125
pre-homing testing 190, 192, 196
pre-mating testing 189-90, 191-2, 195-6
pre-vaccination testing 187-9, 192
private veterinary laboratories 271

skin, diagnostic panel 216
sodium 81, 82-3

hypernatraemia 82

hyponatraemia 82-3
sorbitol dehydrogenase (SDH) 141
specific gravity (SG), urine 169-70, 281, 304 thrombocytopenia 36, 37-9, 434, 45
spleen 3, 35 case example 38
progesterone 167 blood 264-5 polycythaemia and splenic contraction 10-11  thrombocytosis 37
prostatitis 170 faeces 266 rupture 15, 20-21, 237 thrombopathia 39
proteins labelling 262 staff thyroglobulin autoantibodies 164

dietary, urea and 102 other body fluids 266 practice laboratories 333 thyroid gland

hypoproteinaemia 174 request form 2624 training 333—4, 338-9 adenomas 59, 160

plasma 73-9 sending by post 266-8 steroids carcinomas 159, 160

decreased total protein concentration urine 2656 leucocytes (white blood cells) and 52, 57, 58, endocrine tests 15965
75-9 selenium 99, 147 59-60, 62, 64-5 hyperthyroidism 54, 55, 934, 140, 143,

appearance 35
circulating 35-6
function 36-7
defective 39
production 35, 36
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159-61, 165, 234
hypothyroidism 27, 132, 1614, 230
thyroid stimulating hormone (TSH) 6, 159,
1624
thyrotrophin-releasing hormone (TRH) 156,
159, 163
thyroxine (T4) 6, 159, 160, 161, 162, 163, 164,
165
toxicity see poisoning
toxoplasmosis 179
training, practice laboratories 3334, 338-9
transfusion 314
administration 33
collection procedure 32-3
cross-matching 300-1
dogs 32-3
donor choice 32
immunological considerations 31-2
indications 31
non-canine species 33—4
storage of blood 33
transudate
modified 174-5
true 174
trauma 171
acute haemorrhagic anaemia and |14
cerebro-spinal fluid 180
kidney 171
triglycerides 132-3, 279
tri-iodothyronine (T3) 159, 160-61
trypsin
faecal 173
immunoreactive (IRT) 134, 144-6
tumours see neoplasia

units of measurement xv-xvi, |35-6
conversion table xv
university veterinary schools 271
urea 101, 102, 1034, 105, 106
dietary factors 102-3
failure of urea cycle 1034, 109
other metabolic effects 103
renal insufficiency 104-6
side-room testing 278, 283, 322
urethra, obstruction of 105
uric acid 101
urine 169-72
in abdominal cavity 106, 176-7
chemical strip (dipstix) tests 17072, 281-2,
301-2

enzymes in |46-7

protein/creatinine ratio 172

sample collection 259-60

sample processing 265-6

sediment examination |72, 282-3, 304—6

side-room testing 281-3, 3046

specific gravity (SG) 169-70, 281, 304, 305
urobilinogen 171-2, 282
urolithiasis 172

Vacutainer 246, 247, 248-9
Veterinary Investigation Centres 270-71
virus infections 239
cerebro-spinal fluid 179
decreased total protein concentration 78
enteric coronavirus 194
feline immunodeficiency virus (FIV) 53,
190-92, 284
feline infectious peritonitis (FIP) 74—6, 178,
192-6, 235, 284
feline leukaemia virus (FelLV) 62, 63, 181-90,
284
neutropenia and 53
vitamin deficiencies
bleeding disorders and 43, 45
hypoplastic anaemia and 26
malabsorption and 26, 43, 45, 133
vomiting, diagnostic panel 215-16
Von Willebrand's disease 39, 42, 44, 45

warfarin 4]
poisoning
acquired bleeding disorders 43, 44, 45
acute haemorrhagic anaemia and |5-16
treatment of 15-16
waste disposal
blood sample collection and 256
practice laboratories 33940
water )
dehydration «
increased total protein concentration and
74
polycythaemia and 10
fluid/electrolyte balance and 81, 82
overhydration 75-6
white blood cells see leucocytes (white blood
cells)
white muscle disease 99, 207

zinc sulphate turbidity (ZST) test 73




