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Foreword 

The demands of modem small animal practice, and the greater under- 
standing by clients of what can be achieved for their pets requires more 
in depth knowledge by the veterinary surgeon working in primary health 
care and in referral practice. 

Taking a blood sample for haematological analysis is one of the most 
common diagnostic procedures in practice, either for analysis within the 
practice or outside the practice inspecialist laboratories. Correct interpre- 
tation of the results is essential. 

The BSAVA Marzttal of Cartine and Feline Haentarology and Tmrzs- 
fusiorz Medicine combines both clinical pathology and the diagnosis and 
management of a range of haematological diseases. It also includes those 
diseases that may become more commonly diagnosed in the UK with the 
introduction of the PETS Travel Scheme. 

The final section of the manual gives detailed practical guidance on 
blood transfusion techniques in the dog and cat including collection, 
storage, blood typing, cross matcl~il~g atid adlniliistratioli. 

The Editors atid ihc BSAVA Publishing \l;~nager are to be congnitu- 
lated on this excellent manual. They havedrawn together the specialist 
knowledge of authors from around the world for this comprehensive 
guide. The chapters are fully illustrated with tables, diagrams and colour 
photographs and those on technique will be of particular use to many of 
us in practice. 

We have waitedsome time forthismanual butIamsureyou will agree 
with me that our patience has been amply rewarded with this very 
welcome new addition to the BSAVA manual series. 

Lynn Turner MA VetMB MRCVS 
BSAVA President 2000-2001 
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Preface 

The BSAVA Marzlral of Carzirze and Felirzc Haerizatology ar~d Trar~sfirsiorz Medicine is 
a unique publicationthat bridges the disciplines of clinical pathology, internal medicine . . . 
and critical care in a single volume. 

Haematological analysis is probably the single most commonly performed labora- 
tory diagnostic test in small animal practice, so much so that many practices have now 
established in-house analysis facilities. Moreover, in recent years more sophisticated 
haematology analytical techniques have also become available through specialist 
laboratories. This book reviews the basics of sample collection, test performance and 
interpretation for routine haematology, together with assessment of haemostatic 
function and bone marrow analysis. In addition, newer developments such as the 
application of flow cytometry to the phenotyping of leukaemias, and molecular 
genetics to the diagnosis of haemostatic disorders are discussed. 

However, this volume is more than just a clinical pathology manual. The diagnosis 
and management of a selected range of major haematological diseases are discussed by 
specialists in internal medicine and oncology. These chapters cover the major infec- 
tious, immune-mediated and neoplastic diseases of the haemopoietic system. Of 
particular relevance to UK practitioners is the realization that 'new' haematological 
diseases such as babesiosis, ehrlichiosis and leishmaniasis will be increasingly recog- 
nized in their country followi~ig the lifting of quarantine. Indeed, in the first months of 
the Pet Travel Scheme, two cases of canine babesiosis have been documented in the 
Veterirzary Record, and this manual specifically includes a chapter on this disease. The 
growing specialty of feline medicine is reflected by the inclusion of a number of 
chapters dedicated to conditions specific to the cat. 

The finalsectionof the manual is devoted to the field of transfusion medicine. These 
chapters provide a detailed and very practical guide to performing blood transfusion in 
the dog and cat - including donor blood collection and storage, blood typing and cross- 
matching, administration of the transfusion and management of transfusion reactions. 

This manual is the sum of a series of excellent contributions from internationally 
recognized specialists from Europe, the United States, Canada, Australia and South 
Africa.Eachchapter isdesignedas aself-containedreview,and thereisinevitably some 
limited overlap in content. However, as this is often presented from a different 
perspective it can only add to the value of the manual. The text issupported throughout 
by tables, diagrams and colour photographs. The photographic guides to performing 
bone marrow collection, catheter insertion and blood transfusion will be of particular 
value in the practice setting. 

The BSA VA Marzuol of Canine nrzd Feline Haenlatology nrzd Tronsfiaiorz Medicine 
has been a long time in gestation, and the Editors are grateful for the patience of all 
contributors who readily updated their chapters in the few months preceding publica- 
tion. This has meant that the final product is very much a state-of-the-art volume that 
will serve readers for many years to come. The rapid final production stages of the 
manual are due in no small part to the dedication and efforts of Marion Jowett (BSAVA 
Publishing Manager), Liz Payne (copy editor), Jill Greenway (proof reader) and 
Graeme Kowalewicz (design and layout) who have worked beyond the call of duty in 
the last months. 

Michael Day 
Andrew Maekin 
Janet Littlewood 
August 2000 
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CHAPTER ONE 

Overview of Haematological 
- 

Diagnostic Techniques 
Andrew Torrance 

INTRODUCTION 

Haematological diagnostic techniques are an essential 
p m  of the data base for diagnostic investigation. The 
haematological profile includes haemoglob'm, haemat- 
ocrit orpacked cellvolume (Po, red cellindices, total 
cell counts, differential counts and comments by a 
veterinary haematologist on the morphology of the 
erythrocyte, leucocyte and platelet populations. 
Microscopic examination of a blood film alone may 
revealthediagnosis insomecases. Moreoften, interpre- 
tation of the haematological profile in conjunction with 
biochemistry, urinalysis, history and physical fmdings 
directs the clinician in the selection of subsequent, 
ultimately diagnostic,imagingandsamplingtechniques. 
Dogs and cats exhibit a wider range of haematological 
pathology thanotherspecies, makingdiagnostichaema- 
tology particularly important in small animal medicine. 

BLOOD SAMPLING AND THE USE OR 
ANTICOAGULANTS 

To be of diagnostic value, a sample of blood must truly 
reflect the impact of disease processes onthe bloodcells 
and platelets. The composition of blood is constantly 
changing and there is a rapid response to physiological 
phenomenasuchas splenic contractionor demargination 
of neutrophils. These processes are readily induced by 
stressing the patient at the time of sampling and will 
produce physiological alterations that may confuse in- 
terpretation of the haematological profile. Stress-in- 
ducedneuhophitiamay bemistakenforaninflammatory 
leucogram in cats and increased PCV by splenic con- 
traction may be mistaken for dehydration in dogs. 
Sedatives andanalgesics haveprofoundhaematological 
effects, which mask disease processes. 

Physical damage to blood constituents during col- 
lection is the most common and frustrating cause of 
poor blood samples. The fragility of erythrocytes and 
the aggregability of platelets are quite unpredictable 
and vary between individuals and pathological pro- 
cesses. These problems can be minimized by using 
consistent, excellent technique. The slow flow and 
application of variable vacuum that occurs during 

collection of blood from a peripheral vein tests the 
resilience of blood cells and encourages platelet aggre- 
gation. Extraction with consistent vacuum from a large 
central vein is less damaging and therefore preferable. 
Jugular venepuncture is easy in dogs (Figures 1.1 and 
1.2) and cats (Figures 1.3 and 1.4), is often less stress- 
ful than the use of peripheral veins and undoubtedly 
yields the most reliable results. 

r@gqxe-hThv- 
Needles: 18-21 gauge 2 cm needles 
Syringe: 5-20 ml or evacuated tubes : 

) Positioning and preparation 
Most dogs will sit for this procedure. Large dogs 
should be placed with their back to a wall. The 
holder usually stands astride the dog with his or her 
legs behind the dog's shoulders. The sampler squats 
in front of the dog. Small dogs will usually sit near 
the edge of the table. Clip the hair over the jugular 
groove and prepare the skin for venepuncture. The 
dog's head is tipped back, exposing the jugular 
groove, and the sampler occludes one jugular vkin 
iust cranial to the thoracic inlet 

In most cases the vein is located by palpation rather 
than by sight. The vein is raised and lowered, and 

Figure 1.1: Jugular venepuncfure m dogs. 

Figure 1.2: Jugular 
venepuncture in the dog. 
(Courtesy ofJacob Hayes 
and Karen Gerber. 
O AXIOM Veterinary 
Laboratories.) 
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7 
Needles: 21 or 20 gau needles 
Syringe: 5-10 ml or evacuated tubes 2-3 ml 

Positioning and preparation ',! 
Bring the cat to the edge of a table. Hold the front 
legs down over the edge of the table. Tip the neck 
back and the nose up. The front legs and neck up 
to the point of the mandible should then make a 
vertical plane. Clip the hair over one jugular 
groove and prepare for venepuncture 

 procedure 5 
The blood samuler takes a uosition in front of the 
cat and occludes one jugular vein by compressing 
the jugular groove. The needle is then inserted 
with the tip pointing cranially, and gentle suction 
is applied as soon as the tip of the needle enters 

Figure 1.3: Jugular venepuncture in cats. 

Figure 1.4: Jugular 
venepuncture in the cat 
(Courtesy of Jacob 
Hayes and Karen 
Gerber. @AXIOM 
Veterinary 
Labaratories.) 

Evacuated tubes or syringes are equally efficient in 
skilled hands but should notbe used together. Samples 
are mined when blood is extracted with a syringe and 
needle and the needle pushed through the cap of an 
evacuatedtube. Bloodcellsarethenforced through the 
lumen of the needle twice under pressure, and damage 
results. When blood has been collected into a syringe, 
the needle should be removed and the blood gently 
pushed out into an open tube containing the appropri- 
ate anticoagulant. The tube should then be capped and 
rolled gently to ensure adequate mixing. 

Theanticoagulant of choice for the haematological 
profile is ethylenediamine tetra-acetic acid (EDTA) 
because it preserves cell morphology. Tubes contain- 
ing sodium citrate are used for any tests involving 
clotting times and clotting factors. Bothsodium citrate 
and EDTA prevent coagulation by complexing cal- 
cium, but sodium citrate is favoured for tests of coagu- 
lation becausecalcinmbindingismorereadily reversed 
by addition of calcium. Heparinized blood is of little 
use for haematology because leucocyte staining is 

poor and Wright's-stained frlms develop a blue back- 
ground, whichimpairs evaluationofmorphology. Basic 
erythrocyte counts and indices, however, can be as- 
sessed in beparinized samples. 

BASIC QUANTIFICATION 
TECHNIQUES 

The measurement of PCV and cell counts can be 
performed manually by using microhaematocrit tubes 
and a haemocytometer. 

Microhaematocrit 
The microhaematocrit method for calculating PCV is 
the simplest way to assess red cell mass manually. It is 
widely used in practices, intensive care units and 
haematology laboratories. The PCV is determined by 
centrifuging anticoagulated blood in a small capillary 
tube to separate cells from plasma. The PCV is calcu- 
lated by dividing the length of the packed erythrocytes 
by the total length of the packed erythrocytes, buffy 
coat and plasma. Various simple devices are available 
to perform this measurement (Figure 1.5). 

Figure 1.5: Slidi _ ' mice for measuring the haematocrit in 
amicrohaematocrittube. (t3AXIOMVeterinaryLaborataries.J 

Theminimal errors that occur withmeasurement of 
microhaematocritareusually associatedwithcentrifu- 
gatiou. Microhaematocrit centrifuges operate at high 
speeds (11,500-15,000 rpm), which ensure adequate 
packing of erythrocytes. Multipurpose centrifugesmay 
not rotate fast enough to pack the cells, and increased 
durationof centrifugationwill not compensate forthis. 
Adequate cell packing is achieved with 5 minutes of 
centrifugation at the appropriate speed. At a PCV 
above 50%, packing is not as complete after 5 minutes, 
leading to overestimation of red cell mass. In such 
cases an additional period of 5 minutes centrifugation 
at appropriate speed may be necessary. Overfillmg the 
microhaematocrittube by more than 75% of its length 
will also reduce the rate of packing and increase the 
centrifugation time. WhenthePCV is below 2556, the 
packing of erythrocytes will be tighter and may exag- 
gerate the decrease inPCV, making the animal appear 
more anaemic than it really is. Small variations in PCV 
may also occur with different anticoagulants. 
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Manual cell counts 
ManualcellcountsaredonewithanimprovedNeubauer- 
ruled haemocytometer, calibrated coverglass, dispos- 
able capillary pipette and plastic reservoir chamber 
containing a premeasured volume of diluent. 

The haemocytometer is a transparent glass cham- 
ber that holds a cell suspension beneath the microscope 
for counting. The chamber is 0.1 mm deep and has a 
well defined space of known volume. The volume is 
subdivided by a grid of 9 x 1 square mm engraved on 
thebase ofthe chamber. The central 1 mmsquare of the 
grid is further subdivided into 25 squares of suitable 
size for counting red cells at an appropriate dilution. 

Blood is diluted to achieve appropriate density of 
cells for counting with the diluent container. Foreryth- 
rocyte counting the dilution is 1:200, for leucocytes 
1:20 and for platelets 1: 100. The total counts are then 
calculated by using a correction factor that takes into 
account the counting volume and the dilution factors. 

The count is perfonned in duplicate on different 
sides of the haemocytometer grid. Theerythrocyte and 
leucocyte counts from the two sites should only vary 
by 20% and lo%, respectively, if performed correctly. 
If the two cell counts are consistent, the average of the 
two is multiplied by the conversion factor to obtain the 
count per litre. 

Manual counts with a haemocytometer have a 
significant error compared with automated counts (i- 
20% on leucocyte counts). This is particularly impor- 
tant in monitoring changes in leucocyte number over 
time, for example a change of 20% can simply be an 
intercount variation rather than a true alteration. 

AUTOMATED QUANTIFICATION 
TECHNIQUES 

Measurement of erythrocyte counts, haemoglobin, 
haematocrit, mean cell volume (MCV), mean cell 
haemoglobin (MCH), meancell haemoglobinconcen- 
tration (MCHC) and leucocyte counts are now fully 
automated in most laboratories and in many practices. 
Differential leucocyte counts areusually assessedvisu- 
ally because of the diversity of leucocyte patterns in 
dogs and cats. Examination of a blood film for the 
differential leucocyte count also provides an opportu- 
nity for the haematologist to comment on erythrocyte 
morphology and the presence of any abnormal cells. 
The diagnostic value of the haematological profile is 
seriously compromised when cell counts are inter- 
preted without such morphological examination, or 
vice versa. Interpretive comments programmed into 
automated analysers are frequently irrelevant and can 
be extremely misleading. 

Factors affecting the quality of automatic counts 
include analyser type, sample damage, sample ageing, 
platelet aggregation and abnormalities in platelet size. 
The presence of microclots in.damaged and poorly 

anticoagulated samples renders automated counts use- 
less, and will also blockthe counting channels insome 
analysers. Damaged erythrocytes often swell during 
storage and transport, and this may increase the MCV 
measured by automatic counters, which in tun1 will 
artefactually increase the calculated haematocrit. 

Samples that contain large numbers of 
metarubricytes and rubricytes (nucleated red blood 
cells or nRBCs) will tend to cause artefactually ele- 
vated leucocyte counts because the counter will mis- 
take nRBCs for leucocytes. In such cases, manual 
examination of the film will be required to produce 
corrected leucocyte counts. This correction is done if 
more than 5 nRBCs are noted while counting 100 
leucocytes in a differential count. The leucocyte count 
is corrected as follows: 

Corrected 
100 nucleated 

leucocyte = x cell count 
count loo ' nRBCs (automated) 

Poor sample collection and sample ageing may 
result in platelet aggregation, and the platelet clumps 
may be counted as red or white cells, or missed 
altogether, leading to an erroneous platelet count. For 
this reason, it is always recommended that platelet 
counts are checked by manual estimation, and abnor- 
mal countsfrom automatic cell counters should always 
be regarded with suspicion. Variations in platelet size 
may also lead to erroneous platelet counts. This was 
conspicuously shown in a study of breed-associated 
thrombocytopenia in Cavalier King Charles Spaniels 
in which manual platelet counts and automated counts 
were discordant. Affected dogs had a combination of 
large platelets (macrothrombocytes) andmild thrombo- 
cytopenia. The automated counts exaggerated the 
thrombocytopenia by counting macrotlrombocytes as 
erythrocytes thus artefactually decreasing the platelet 
count (Ecksell et al., 1994). 

Haemoglobin 
Three methods for measuring haemoglobin are cur- 
rently used by different haematology analysers. The 
cyanmethaemoglobin method has been used as the 
international standard for many years, but the reagent 
contains potassium cyanide, which can cause prob- 
lems with disposal and handling. 

The oxyhaemoglobin method tends to underesti- 
mate total haemoglobin because it only measures the 
oxyhaemoglobin fraction. This can cause problems 
with external quality control because the oxyhaemo- 
globin in samples converts to methaemoglobin with 
time. This is also a problem in samples from patients 
with significant methaemoglobinaemia. 

Recently, the use of a less toxic reagent, sodium 
lauryl sulphate (SLS), has replaced the cyanmethae- 
moglobin method. The erythrocytes are lysed, haemo- 
globinisconverted to SLS-haemoglobin by a four-step 
reaction and then quantified colorimetrically. 
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Blood cell counts 
Three major principles are currently used for cell 
counting by different haematology analysers: elec- 
tronic cell counting by the Coulter principle, elec- 
tronic-optical counting using laser detection systems 
and quantitative buffy coat analysis (QBC). 

The Coulter principle 
A stream of red blood cells (RBCs) diluted in electro- 
lyte solution is focused on an aperture across which 
there is an electric current. As each individual cell 
passes through the aperture, the electrical resistance 
increases, generating a pulse. The pulse height is 
proportional to the cell volume (MCV), and the pulse 
frequency is proportional to cell numbers. Cumulative 
pulse height detection enables computation of the 
haematocrit. MCH and MCHC are then computed as 
follows: 

MCH (pg) = haemoglobin x 10 
RBC count 

MCHC (g/dl) = haemoglobin x 
100 

haematocrit 

In this system the haematocrit is a calculated vari- 
able and thereforeshould not be referred to as the PCV. 
The PCV measured by the microhaematocrit method 
and the calculated haematocrit often differ slightly. If 
the variation is greater than 3-5%, a technical problem 
should be suspected. The Coulter counter identifies 
cells to be counted from electronic thresholds, which 
depend on cell size. This causes errors when counting 
erythrocytes of different sizes from different species. 
Most analysers that are calibrated for human use are 
adequate for canine use because the MCVs of these 
twospecies are similar. Cats havemuch smaller eryth- 
rocytes and more platelet clumping, which leads to 
significant errors on Coulter counters calibrated for 
human use. 

The same principle is applied to Coulter leucocyte 
counts. Minor adjustments must be made to electronic 
thresholds in conversion of human counters for feline 
and canine use. Macrothrombocytes and nRBCs may 
be erroneously counted as leucocytes. Differential 
leucocyte counts can be performed by some of these 
analysers by a process of elimination. Samples of 
blood are treated with reagents that lysespecific leuco- 
cyte types. Alkaline diluent, for example, will lyse and 
enucleate neutrophils, monocytes and lymphocytes 
while leaving eosinophils intact due to the stability of 
eosinophil granules in alkaline conditions. The count 
is then performed on the eosinophil-rich sample. 

Laser cell counters 
Laser cell counters use an electronic-optical laser 
detection system to measure the size and internal 
complexity of each cell on the basis of light scatter. 

Compared with Coulter techniques, this method pro- 
vides greatly expanded information about each cell 
type. The great advantage of laser counters is that the 
size and haemoglobin concentration of each erythro- 
cyte is measured and then presented in a scattergram, 
which shows the distribution of MCV and haemo- 
globin throughout the erythrocyte population rather 
than just providing a mean value. The shape of the 
scattergram yields important diagnostic information 
about erythrocyte morphology, and exposes hidden 
subpopulations of cells that would otherwise disappear 
into the mean value. 

Laser counters are also able to perform differential 
white cell counts and scattergram distributions on the 
basis of cell size and cytoplasmic characteristics, such 
as peroxidase content of granules. This can cause 
problems when assessing leucocytes from different 
species due to variable peroxidase content. The elimi- 
nation process with lysing reagents, described previ- 
ously for Coulter techniques, is used in conjunction 
with laser counting techniques in some analysers. 

Quantitative buffy coat analysis 
TheQBCanalysissystemis based on the principle that 
erythrocytes, leucocytes and platelets will layer ac- 
cording to density upon centrifugation. The various 
layers are expanded by a plastic float and are identified 
by their acridine orange staining patterns as observed 
under blue-violet light. The widths of the various 
layers or bands are measured and used to predict the 
total leucocyte count, the absolute non-granulocyte 
and granulocyte counts, the platelet count and the 
PCV. The accuracy is excellent for PCV, total leuco- 
cyte count and granulocyte count, good for non- 
granulocyte count and fair for platelets (Tvedten and 
Weiss, 1999). The precision (based on coefficient of 
variation) is better than that for manual counts but 
worsethanthat for electronic counters. Indistinct sepa- 
rationof thegranulocyteand erythrocyte layers occurs 
in some cases, especially with leucocytosis, and in 
these circumstances leucocytes cannot be counted. 
TheQBCsystemcannotdetect left shifts, morphologi- 
cal leucocyte abnormalities or red blood cell morphol- 
ogy. Manualexa~ninationof a blood filminaddition to 
the QBC screen is, therefore, essential. 

BLOOD FILMS 

Whenever blood cannot be analysed within 2-3 hours 
it should be refrigerated at 4°C because erythrocyte 
swelling after 6-24 hours of storage at room tempera- 
ture increases the PCV and MCV and lowers the 
MCHC. These variables are unchanged for at least 24 
hours in refrigerated blood. Samples sent to a labora- 
tory by post can be expected to have artefacts due to 
RBC swelling. The magnitude of these artefacts is 
unpredictable and in many samples changes are mini- 
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mal. Exposure to high or very low temperatures and 
damage during collection are highly detrimental to 
stored and transported blood samples. Samples must 
never be frozen because the thawing process com- 
pletely destroys the cells. 

Production of high quality blood smears (Figure 
1.6) is a skill that can only be acquired with constant 
practice and is a matter of pride for most haematolo- 
gists. Evenly spread blood films are an absoluteneces- 
sity for generating reliable differential cell counts. 
Veterinary surgeons are encouraged to submit a blood 
film ( f ied  by air drying) to accompany the EDTA 
sample. Although these films tend to have variable 
thickness andarerarely usedfordifferentialcellcounts, 
they can be extremely useful for distinguishing be- 
tween changes in cell morphology due to sample 
ageing and genuine diagnostic fmdings. 

Figure 1.6: A tray of well made bloodsmearssfarned wlth 
Wright's stain. (0 AXIOM Veterinary Laboratories.) 

Staining 

Diff-Quikis asimple haematologicalstain touse in 
practice. It is not strictly a Romanowsky stain but 
works on a similar principle, by using blue and orange 
dyes to give appropriate staining characteristics. The 
two dyes are in separate jars, and the intensity of blue 
and orange staining can be altered manually with the 
number of dips of the slide in each stain. 

One further stain that is frequently used in haema- 
tology is 1 % new methylene blueincitratesaliie. This 
is avital stain, which precipitates and dyes the residual 
RNA in immature red cells identifying them as 
reticulocytes. Blood anticoagulated with EDTA is 
mixed with new methylene blue and allowed to stand 
for 15-20 minutes. The blood is then remixed and 
smeared for examination. RNA within reticulocytes 
stains blue-black, whereas mature erythrocytes stain 
pale green. 

Examination 
Blood films are routinely scanned without a cover slip 
with a 20X dry objective and then examined in detail 
with a SOX oil immersion objective. Details of intrac- 
ellular morphology, such as red cell parasites and toxic 
granulation in the cytoplasm of neutrophils, may re- 
quire a lOOX oil immersion objective. 

Routine differential leucocyte counts are based on 
100 cells counted in a specific area of the film. The area 
of the film selected is critical because different sized 
cells spread at different rates and the largest tend to be 
found in the tail of the smear. The cells are countedin the 
body of the f h  where the smear is one cell thick and 
where the individual cells are sufficiently se~arated to 
make individual cell morphology and abio& aggre- 
gation absolutelv clear. Therest of the smear. including -. - - 

Blood films are stained with Romanowsky stains such the tail, is then scanned for atypical or neoplastic cells 
as Lcishman's stain or Wright's/Giemsa. Staining and platelet clumps. Thc pcrccntago difl'erential leuco- 
must be consistent because the learned skills involved 
in morphological interpretation depend on examina- 
tion of very large numbers of films stained in exactly 
the same way. Staining can be done manually, but in 
laboratories with high turnover this becomes imprac- 
tical and automatic stainers are used. Automatic stain- 
ing is consistent as long as blood smears are well made 
and homogeneous. 

The Romanowsky stains are compound dyes con- 
sisting of a mixture of methylene blue and eosin, with 
several contaminating dyes that can alter staining 
characteristics. Methylene blue stains the acidic cell 
components such as nuclei and cytoplasmic RNA. 
Eosinis red and stains more basic components such as 
haemoglobin. The dyes are dissolved in methyl alco- 
hol, which also acts as a fixative. Contamination of 
methyl alcohol with water will spoil the fixation and 
lead to loss of cell detail. The stain solutions must 
therefore be kept absolutely free of water vapour in 
storage. This is afrequent cause of poor quality smears 
in laboratories where stains are made up in damp 
glassware and not stoppered. 

cyte counts are multiplied by the total nucleated cell 
count to obtain the total differential counts. 

Morphological comments on erythrocytes and 
leucocytes are recorded as an annotation to the 
haematological profile. Usually only abnormal mor- 
phological features are noted. 

BLOOD CELL MORPHOLOGY AND 
INTERPRETATION 

Erythrocyte  morphology 
The size, colour, shape and stage of development of 
erythrocytes can all be assessed microscopically and 
have great interpretive and diagnostic significance. 

Macrocytes 
Macrocytes arelargeerythrocytes. They are often hypo- 
chromic (deficient in haemoglobin) (Figure 1.7) imma- 
ture erythrocytes produced in a regenerative response to 
bloodloss orhaemolysis. Breed-relatedmacrocytosis is 
a normal findimg in some poodles. Macrocytes can be 
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associated with feline leukaemia virus (FeLV) sub- Anisocytosis 
group Ainfectioninkiaem and withmyeloproliferative Anisocytosis is a termappliedwhenthe erythrocytes in 
disorders of both dogs and cats. Abnormal numbers of a film are of variable, rather than consistent, volume. 
macrocytes can be seen in damaged or aged samples as This is frequently seen in both regenerative and nou- 
an mefact of erythrocyte swelling. regenerative anaemias. 

Figure 1.7: Three 
polychromatic 
macrocytes in a 
regenerative response 
from a dog wit11 
immune-mediated 
haemolytic anaemia 
(Wright'sstain; original 
magnification x1000). 
(OAXIOM Veterinary 
Laboratories.) , 

Microcytes 
Microcytesare sma1lerythrocytes.They may benormo- 
chromic or hypochromic. Microcytes with a normal 
haemoglobin content occur in anaemia of chronic 
inflammation. Hypochromic microcytes (Figure 1.8) 
are important markers of altered iron metabolism and 
are present in dogs with iron deficiency and also in 
dogs with portosystemic shunts. The most common 
cause of iron deficiency in dogs is chronic occultblood 
loss from the gastrointestinaltract. The abnormality of 
iron metabolism in portosystemic shunts is currently 
under investigation. Akitas haveunusually small eryth- 
rocytes and also have a particularly high potassium 
content compared with other dog breeds. 

Spherocytes 
Spherocytes are small, densely staining spherical 
erythrocytes denoted by lack of central pallor (Figure 
1.9). These cells adopt a spherical shape after reduc- 
tion in the cell membrane area (and hence surface to 
volume ratio) due to partialphagocytosis by mononu- 
clear phagocytes. The presence of spherocytes in a 
smear implies that the erythrocytes have surface- 
hound antibody or complement, which is recognized 
by cellsurface receptors on phagocytes. Spherocytes 
are less deformable than normal erythrocytes and 
consequently areosmotically fragile. Thepresenceof 
spherocytes is a sensitive indicator of immune-medi- 
ated haemolytic anaemia in dogs. Feline RBCs have 
a lower MCV and less appreciable central pallor than 
canine RBCs. Consequently spherocytes are rarely 
recognized in cats. 

Figure 1.8: Microcytic hypochromic cellsfrom a case of iron 
deficiency in a dog (Wright'sstain; (a)  original 
magnfication XlWD, (b) original magnijication X5W). 
(0 AXIOM Veterinnry Laboratories.) 

0 ,  
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Fimre 1.9: One suherocvre (Soh) and five ervthrocvtes - . . 
showing various stages of incomplete spherocyte formation 
fISuh) freducina area o f  central wl lor )  accomuanied bv two . . . .  
normal erythrocytes ( ~ j ,  one cre>atedcell ( ~ h  and two 
polychromatic macrocytes (PM) (Wright's stain: original 
magnfication XlOOO). (OAXIOM Veterinary Laboratories.) 

Codocytes (target cells) 
Codocytes are bell-shaped erythrocytes which, 
when viewed in two dimensions, have a dense centre 
surrounded by a clear area and a peripheral haemo- 
globin rim (Figure 1.10). This bizarre shape is adopted 
because of increases in the cholesterol:phopholipid 
ratio within the cell membrane. Codocytes are 
seen in iron deficiency anaemia, liver disease with 
cholestasis and after splenectomy in dogs. 
Reticulocytes have increased surface to volume 
ratio and can also appear as target cells in two 
dimensions, but this is not indicative of any under- 
lying process other than the presence of red blood 
cell regeneration. 
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Figure 1.10: A target cell (codocyte) (TC) (Wrrght's stain, 
origrnal magnij'icanon x1000). (Courtesy of AXIOM 
Veterinary Laboratories.) 

Acanthocytes 
Acanthocytes are irregularly spiculated erythrocytes 
with a few unevenly distributed surface projections 
of variable diameter and length (Figure I. 11). Similar 
to codocytes, acanthocytes may occur as a result of 
alterations in the cholesterol:phospholipid ratio 
of the cell membrane but can also be seen in associa- 
tion with RBC fragmentation. Acanthocytes are 
seen in dogs with diseases of capillary beds such 
as splenic haemangioma/haemangiosarcoma, diffuse 
liver disease or portosystemic shunts. They have 
also been observed in association with high choles- 
terol diets. 

F i e r e  1.11: Acanthocytes (AC) (Wright's stain; original 
magnification XIWO). (8 AXIOM Veterinary Laboratories.) 

Echinocytes (Burr cells) 
Echinocytes are regularly spiculated erythrocytes, 
wh i~h  usually arise as an artefact due to crenation. 
Echinocytes that are not due to crenation are seen in 
some dogs with lymphoma, chronic renal disease, 
glome~lonephritis or chronic doxornbicin toxicosis. 

microvascular angiopathies and are seen in patients 
with immune-mediated anaemia, thrombosis, 
splenic haemangiosarcoma, hypersplenism, glomem- 
lonephritis, congestive heart failure, valvular heart 
disease, doxorubicin toxicosis and myelofibrosis. 

Figure 1.12: Schistocytes (S) (Wrigltt's stain: original 
magnlficatian x l  WO). (Q AXIOM Veterinary Laborazories.) 

Eccentrocytes 
Eccentrocytes are erythrocytes in which oxidative 
damage causes fusion of opposing cell membranes on 
one edge of the erythrocyte (Figure 1.13). This has 
the effect of squeezing haemoglobin into a smaller 
volume. When viewed in two dimensions the fused 
membranes appear as a clear zone whereas the com- 
pressed haemoglobin appears eccentric and darker 
than normal. Eccentrocytes are a sensitive indicator 
of oxidative damage in dogs, and ecceutrocytic 
anaemias are often associated with onion poisoning 
in this species. Cats are more sensitive than dogs to 
oxidative erythrocyte damage, which is manifested 
by the formation of numerous Heinz bodies iather 
than eccentrocytes. 

Figure 1.13: Eccentrocytes (Ecc) (Wright's stain; original 
magnij'icat&on ~1000 ) .  (OAXIOM Veterinary Laboratorres.) 

Schistocytes 
Schistocytes are irregular erythrocyte fragments Erythrocyte inclusions 
resulting from mechanical trauma to circulating Erythrocyte inclusions of importance include para- 
erythrocytes (Figure 1.12). They are markers of dis- sites, Howell-Jolly Bodies, Heinz bodies and baso- 
seminated intlavascular coagulation P IC)  and other philic stippling. 
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Haemobartonella felis: Haemobartonella felis or- 
ganisms are highly pleomorphic and stain with vari- 
able intensity, appearing as chains, discs or rods on the 
surface of erythrocytes (Figure 1.14). 

Fipure 1.14: Haemobartonella organisms farrowed1 m the 
eGthrocytes of a ferret with fatallhaemo~~tic anaemia 
(Wright's stain: original magnification x1000). 
(0 AXIOM Veterinary Laboratories.) 

Babesia: Babesia is an intracellular parasite of canine 
erythrocytes, which causes majormorbidity intropical 
and subtropical areas of the world (see Chapter 5). It is 
transmitted by various species of tick, particularly 
Rhipicephalus sanguineous. It is not endemic in the 
United Kmgdom but is likely to be of increasing 
importance in imported dogs. 

Howell-Jolly bodies: Howell-Jolly bodies are deeply 
staining spherical structures within the erythrocyte. 
They are remnants of the incompletely extruded 
metrmbricyte nncleus and usually reflect reticulo- 
endothelial dysfunction. 

Heinz bodies: Heinz bodies are small highly refractile 
bodies that stain poorly with Wrights stain and well 
with supravital stains. They are eccentrically located 
beneath the erythrocyte cell membrane or protrude 
through it. Heinz bodies are formed by irreversible 
precipitation of oxidatively denatured haemoglobin. 
They are markers of oxidative damage, for example in 
paracetamol toxicosis in cats. 

Basophilic stippling: Basophilic stippling of erythro- 
cytes and metambricytes occurs in lead poisoning and 
is characterized by the presence of punctate or reticu- 
lated basophilic granules (clumped ribosomes) within 
the erythrocyte. Basophilic stippling may also be a 
feature of marked regenerative responses in cats. 

Nucleated red blood cells 
The nRBCs seen most frequently in the peripheral 
circulationaremetarubricytes. They have a condensed 
pyknotic nucleus and abundant polychromatic (bluish 
staining) or orthochromic (the colour of mature eryth- 

rocytes) cytoplasm. Rubricytes, which have a round 
viable nucleus and are larger than the metarubricytes, 
are sometimes seen. 

The presence of nRBCs in circulation is always 
important (seeFigure 1.15). Metarubricytes appeardnr- 
ing bone marrow regenerative responses to haemolysis 
or blood loss. They may also be liberated after extra- 
medullary haematopoiesis in the reticuloendothelial 
system. They are typically present in dogs with splenic 
haemangiosarcoma and also occur in splenectomized 
individuals. The presence of earlier erythrocyte precnr- 
sors (mbricytes/pro~bricytes) in circulation usually 
implies quite severe bonernarrow or reticuloendothelial 
disease but can occasionally be seen in association with 
very marked regenerative responses. 

Figure l.I.5: An erythroblastoid cell (primitive nucleated red 
bloodcell) in theperipheral bloodofa cat with myelodysplasia 
due to FeLV infection (Wright's stain; original magnification 
~1000) .  (O AXIOM Veterinary Laboratories.) 

Reticulocytes 
The normal morphological response to blood loss is a 
regenerative pattern with reticulocytes and metarubri- 
cytes. In anormal Wright's/Giemsa-stainedbloodsmear 
reticulocytes appear as large polychromatic cells. When 
stainedwithnewmethyleneblue, thereticulocytesshow 
an internal reticulated pattern of nuclear material and 
condensed organelles. The new methylene blue-stained 
smear is used for the reticulocyte count, which is an 
objective index of the degree of regeneration. 

Incats, reticulocytes show punctate (dots) or aggre- 
gate (clusters and lines) patterns of condensed 
organelles. Thisis auniqnefeature of thematurationof 
reticulocytes inthe cat. In feline regenerative responses, 
aggregate reticulocytes are released first. After a shoa 
maturation time of around 12 hours, the aggregate 
f o m  becomes a punctate reticnlocyte, which has a 
maturation timeof 10- 12 days. Aggregatereticulocytes 
therefore reflect active regeneration whereas punctate 
reticulocytes reflect recent cumulative regeneration. 

Leucocyte morphology 
Important morphological features of leucocytes in- 
clude immaturity, abnormal cytoplasmic granulation 
and infectious inclusions. 
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Nentrophils 
Mature neutrophils have a long thin segmented/lobu- 
latednucleus, uneven butwell defined nuclearmargins 
andabundant, lightly basophilicor eosinophilic,slightly 
granulatedcytoplasm. Immatureneutrophils are termed 
bands and are recognizable because the nucleus is 
elongated but parallel-sided and not lobulated (Figure 
1.16). Metamyelocytes may also be seen; these are 
larger than mature neutrophils and have a similar 
cytoplasm but the nucleus is kidney bean-shaped and 
not Lobulated (Figure 1.17). Metamyelocytes can be 
difficult to distinguish from monocytes, but in general 
are smaller and more discrete. 

Fiaun 1.16: Two neurrophilic bands. These cells are 
showing evidence of to& change; note the coarse bosophilic 
~oaminess' of the cytoplasm (Wright's stain; original 
magnification xlWO). (OAXIOM Veterinary Laboratories.) 

system is coping with the inflammatory or infectious 
process. If the immature forms outnumber the mature 
forms, the left shift is termed 'degenerative,' and is a 
poorprognostic sign. The combination of a low mature 
neutrophil count with a degenerative left shift is a 
grave prognostic sign. Toxic cytoplasmic changes in 
mature and immature neutrophils are often present at 
the same time as a degenerative left shift and fre- 
quently indicate an overwhelming septic process. The 
appearance of metamyelocytes in a left shift suggests 
a potent inflammatory or regenerative stimulus. If 
even earlier granulocyte forms appear, myeloprolif- 
erative disease and other disorders of bone marrow 
should be susaected (Figure 1.18). 

Figure 1.17:A metamyelocyte (Mj  anda band (B) with a 
folded nucleus. These cells are showrng evrdence of toxic 
change; note the coarse basophzlrc j%aminess'of the 
cytoplasm (Wright's stain; original magnification xIOOOj. 
(O AXIOM Veterinary Laboratones.) 

The presence of immature neutrophils (band 
neutrophils and metamyelocytes) in the peripheral 
circulation is termed a 'left shift' and is either a 
response to increased neutrophil consumption by in- 
flammatory and infectious processes or an abnormal 
increase in neutrophil production. When mature 
neutrophils greatly outnumbertheimmaturefonns and 
the mature neutrophil count is increased, the left shift 
is termed 'regenerative' and indicates that the immune 

Figure 1.18: Two myeloblasts (smaller round cells) and two 
monoblustsjiom a myeiomonocytic leukemia tn a dog 
(Wnght'sstain; orrgrnalmagnification xlOW). (0 AXlOM 
Veterinary Laboratories.) 

Regenerative left shifts are nearly always associ- 
ated with systemic inflammation but under cqtain 
conditions this interpretationmay be misleading. The 
observation that anaemias with marked regeneration, 
such as immune-mediated haemolytic anaemia, are 
very frequently accompanied by a significant left 
shift has often been interpreted as a reflection of non- 
specific stimulation of the granulocyte cell line by 
mediators of RBC regeneration. There is continuing 
debate about this, but current research suggests that 
the left shift is actually associated with neutro~hil 
consumption due to tissue damage and the systemic 
inflammatory response which either initiates, or is 
induced by, the haemolytic anaemia (McManus and 
Craig, 1999). 

Occasionally, the regenerative response to an in- 
flammatory stimulus is so excessive that enormously 
high neutrophil counts with a primitive left shift are 
generated. This is termed a 'leukaemoid response' and 
can be impossible to distinguish from myeloid leuk- 
aemia on morphological grounds alone. 

'Toxic change' is acollective termfor morphologi- 
cal features that develop in neutrophils as a result of 
disturbedcellularmaturationin the bonemarrow asso- 
ciated with marked inflammatory or septic processes 
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(Figure 1.19). The spectrum of toxic changes in dog 
and cat neutrophils approximately correlates with the 
severity and duration of the stimulus. One of the 
earliest changes is the presence of Doehle bodies 
(lamellar aggregates of rough endoplasmic reticulum) 
in the cytoplasm (Figure 1.20). As 'toxicity' becomes 
more severe, the cytoplasm becomes more basophilic 
and develops a foamy appearance. Intensely stained 
primary granules may also be apparent. Finally, the 
nucleus swells and the nuclear envelope appears rag- 
ged. Doehle bodies are less useful for indicating early 
toxicity incats thanindogs becausethey canbepresent 
in up to 30% of normal cat neutrophils. 

Eosinophils 
Eosinophils have very recognizablemorphology with 
bright pinkish-red uniformly stained cytoplasmic 
granules and a polymorphic nucleus, which is 
smoother and less segmentedthan that of a neutrophil 
(Figure 1.21). Feline eosinophils usually have rod- 
shaped granules. Canine eosinophils often have an 
orange hue and may have vacuolated granules. Grey- 
hound eosinophils are highly vacuolated. Occasional 
canine eosinophils have very large red cell-sized 
granules. Toxic eosinophils sometimes have pur- 
plish-black granules. 

- 
Figure 1.19: Two toxic band.. Note the cell with the 'doughnut' 
nucleus; this is a feature of abnormal nuclear maturation and 
is pan of the spectrum of toxicity. Both cells show coarse 
basophilic foaminess of the cytoplasm (Wright's stain: original 
magnification XlWO). (Q AXIOM Veterinary Laboratories.) 

Firure 1.21: la) A feline eosinoohil: (b )  a canrne eosinoohil 

Figure 1.20: lhree roxLc bmrdr mntarncng Doehle bodces 
(Wrcghr's stam, orrglnal magnification XlWO) (Q AXIOM 
Veterrnary Laboratones.) 

Hereditary abnormalities of neutrophils occur oc- 
casionally in dogs and cats. Pelger-Huet anomaly has 
been reported in both species. This is a failure of the 
normal nuclear maturation of neutrophils. The mature 
cells have a parallel-sided mcleus and mimic bands. 
Chediak-Higashi syndrome has been reported in Per- 
sian cats and is characterized by poorly functioning 
neutrophils withgiantintracytoplasmicgranules Vacu- 
olation of neutrophils may be seen in storage disorders 
such as a-mannosidosis. 

(Wright's stain! original magnijicatidn'xlO~~). (0 AXIOM 
Veterinary Laboratories.) 

Basophils 
Dog and cat basophils have rather unusual morphol- 
ogy and can easily be missed by inexperienced hae- 
matologists. The canine mature basophil is usually 
larger than a neutrophil and has a lobulated or strap- 
like nucleus. The cytoplasm is basophilic with occa- 
sional large dark purple granules (Figure 1.22). 
Immature basophils tend to have more marked grauu- 
lation. Canine basophils can be mistaken for highly 
toxic neutrophils, leading to errors in interpretation. 
Feline basophils have similar nuclear features but the 
cytoplasm contains large numbers of pale grey gran- 
ules that can be mistaken for eosinophil granules 
(Figure 1.23). 
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Figure L22: (a) A canine basophil (Wright's stain; origirml 
magnification xl WO). (b)  A canine basophil (B), neutrophil 
(N) andeosinophil (E) in the same high powerfiefield Note 
the relative sizes of the cells (Wright's stain; original 
magnflcation x500). (Q AXIOM Veterinary Laboratories.) 

Figure 1.23: A felme basophil (Wright's stain; original 
magnificatron xlWO). (0 AXIOM Vetermary Laboratories.) 

Monocytes 
Monocytes are large cells with variable amoeboid 
morphology, which can be differentiated from other 
large blood cells such as metamyelocytes by their blue 
ground-glass cytoplasm and reticulated or ribbon-like 
nuclear chromatin (Figure 1.24). Transformation of 
monocytes to active vacnolated macrophages in circu- 
lation can be seen in severe chronic inflammatory 
processes such as bacterial endocarditis. 

Figure 1.24: A feline monocyte. Note the ropy/acy 
chromatin naftern f Wright's stain; oripinal maxnitication 

Lymphocytes 
Circulating lymphocytes have very variable size and 
morphology. They can be small, medium or large, 
withnuclei varying from round to cleavedand convo- 
luted (Figure 1.25). The most consistent features of 
lymphocytes are the coarsely clumped chromatin 
pattern and the presence of small quantities of baso- 
philic cytoplasm. 

Figurs 1.25: Cleaved lymphocytes m a dog wrth lymphocync 
leukaemia (Wright's starn: or~gznal magnification xlWO). 
(Q AXIOM Vetennary Laboratories.) 

The typical small lymphocyte has a round- or 
bean-shaped nucleus approximately the diameter of 
an RBC, with a thin rim of basophilic cytoplasm. 
Reactive lymphocytes pignre 1.26) are larger and 
have an increased volume of more basophilic cyto- 
plasm than quiescent lymphocytes. Large granular 
lymphocytes (Figure 1.27) in low numbers are also a 
normal finding. These have increased lightly baso- 
philic cytoplasm containing small azurophilic gran- 
ules and are thought to represent cytotoxic T cells or 
natural killer (NK) cells. 

Lymphoblasts are large lymphocytes containing 
one or more prominent nucleoli (Figure 1.28) and their 
presence in the peripheral circulation is always abnor- 
mal andusually due to stage V lymphomaor lymphoid 
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Fizure 1.26: A reactive lymphocyte. This is a medium sized 
lykphocyte with increased cytoplnsmic volume and 
basophilia. The pale area close to the nucleus is the Golgi 
zone. (Wright's stain; original magnification XIOW.) 
(0 AXIOM Veterinary Laboratories.) 

Figure 1.27: A large 
granular lymphocyte 
(Wright'sstain; original 
magnification x1000). 
(@AXIOM Veterinary 
Laboratories.) 

Figure 1.28: Two 
lymphoblasts in the 
circulation of a car with 
stage Vlymphoma 
(Wright's stain: orzgtnal 
magnification x1000). 
(0 AXIOM Veterinary 
Labomtories.) 

leukaemia. Neoplastic lymphocytes can be fragile and 
are often damaged during blood film preparation. The 
damagedcells arereferredto as 'smearcells' or 'basket 
cells' and should be viewed with suspicion when 
observed in large numbers. 

Infectious inclusions in leucocytes 
Infection by Leishmania spp., Ehrlichia spp., 
Hepatozoon spp. or canine distemper virus can lead to 
the presence of recognizable inclusions in leucocytes. 
Ehrlichia spp. form cytoplasmic bodies known as 
momlae, which occur in monocytes and sometimes 
neutrophils. Leishmania spp. parasitize monocytes 
and macrophages but are more often seen in bone 
marrow and lymphnodesamples thanin bloodsmears. 
Canine distemper virus forms distinctive purple cyto- 
plasmic inclusions in neutrophih and also in RBCs. 
Hepatozoon spp. occur as large lozenge-shaped non- 
staininginclusions that fdltbe cytoplasm of neutrophils. 

,ansfusion Medicine 

Platelet morphology 
Platelets are anucleate structures, which have a lightly 
basophilic granular staining pattern and range from 2 
to 4 pm in diameter. They have poorly defmed cyto- 
plasmic margins and often appear to have small hair- 
like projections from the surface. Giant platelets, often 
larger than RBCs, occur in platelet regenerative re- 
sponses and are a normal fmding in some breeds, 
notably the Cavalier King Charles Spaniel. Platelets 
(especially feline platelets) tend to form clumps in 
anticoagulantssuchas EDTA, which cause artefactually 
low automatedplatelet counts. The presence ofplatelet 
clumps in the tail of a blood film is an indication that 
the automated platelet count may be erroneous. 
Unclumpedplatelets are normally scatteredamongthe 
other blood cells in the film. Felme platelets are larger 
(twice the volume) than most canine platelets. 

1.VTEKPRETINC THE 
HAEMATOI.OGICAL PROFILE 

Thehaematologicalprofile includes measurements ofthe 
variables listed in Figure 1.29. The profile must be 
interpreted as a whole, noting normal as well as abnormal 
values. A systematic approach to interpretation is im- 
portant, aided by consistent presentationof the informa- 
tion. Data in anunusual format can lead to human error. 

Haemoglobm concentration 
Haematocrit (or packed cell volume; 
PCV) 

d1 
111 or % 

Erythrocyte. count (RBC) 
Mean corpuscular volume (MCV) 
Mean corpuscular haemoglobin (MCH) 
Mean corpuscular haemoglobin 

concentration (MCHC) 
Platelet count 
Nucleated RBCs 
Total nucleated cell count (WBC) 
Segmented nentrophils (% and total 

count) 

Figure 1.29: Components ofthe haemutological profile 

xlO1yl 
fl 

pg 
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X ~ O ~ ~ I  

% 
xlo9/l 
X I O ~ / ~  

Band neutrophils (% and total count) 
Lymphocytes (% and total count) 
Monocytes (% and total count) 
Eosinophils (% and total count) 
Basophils (% and total count) 

X I O ~ / ~  

X ~ O ~ / I  
x109/l 
x109/1 
X ~ O ~ I ~  

Erythrocyte morphology and comment on count 
Lencocyte morphology and comment on count 
Platelet morphology and comment on count 
Description of any abnormal cell 
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Erythrocyte variables 
First note the haemoglobiu concentration as this is the 
most direct assessment of anaemia. Then check the 
haematocrit. If the haematocrit is increased, compare 
with the erythrocyte numbers and MCV. Genuine 
polycythaemia is unlikely if the erythrocyte numbers 
are within the reference range. IncreasedMCV is quite 
a common cause of an increased haematocrit and is 
typical of aged samples with erythrocyte swelling. 
Frequently, increaseof the haematocrit isdue tohaemo- 
concentration (splenic contraction) or dehydration. 

Anaemia is present if the haemoglobm concentra- 
tion is below the reference range regardless of the 
erythrocyte numbers and the haematocrit, but in the 
majority of anaemias all three variables will he low. If 
anaemia is present, attempt to classify it by studying the 
MCV, MCHC and the comments on erythrocyte mor- 
phology. Many standard texts use the MCV as the 
primary index for the presence or absence of regenera- 
tion. This is surprising, since this varies unpredictably 
with sample ageing, and many regenerative anaemias 
do not have MCVs above reference intervals. The 
presence or absence of polychromasia in the stained 
smear is a much more reliable index of regeneration. If 
there is polychromasia, then regeneration is present. 
The amount of polychromasia and the nRBC count 
usually reflect the adequacy of regeneration accurately, 
but in occasional cases a reticulocyte count will be 
needed to provide an objective index of regeneration. 

It is now customary to use the absolute reticulo- 
cyte count for the quantitative assessment of regen- 
eration in dogs and cats. In cats the aggregate 
reticulocyte count is used to indicate current regen- 
eration, whereas the punctate reticulocyte count is 
more indicative of the recent history of regeneration. 
Reticulocyte counts above 60 x 109/1 in dogs and 50 
x 109/1 aggregate reticulocytes in cats indicate regen- 
eration. The degree of regeneration is approximately 
proportional to the absolute count, and the adequacy 
of regeneration is interpreted in the context of the 
RBC variables and the clinical features of each case 
of anaemia. The adequacy of regeneration in any 
individual case can also be assessed quantitatively by 
using the reticulocyte production index (RPI), which 
is a ratio examining the reticulocyte count in relation 
to the haematocrit (Figure 1.30). 

In most regenerative anaemias, MCV is normal or 
high. One exception to this is the special situation of 
chronic blood loss in which the patient begins to 
become iron deficient. Such cases will have mixed 
erythrocytemorphology featuring increasedpolychro- 
masia and also a progressively increasing percentage 
of microcytic cells. The MCV in such cases may he 
below the reference interval. In non-regenerative 
anaemias MCV is usually normal or low. Rare cases of 
non-regenerative anaemia with increased MCV may 
be associated with myeloprolierative disease, espe- 
cially FeLV-related disease in cats. 

RPI = % reticulocytes x 

Fifiure 1.30: C ~ ~ l c u l ~ ~ r i u n  r112d inrrrprrtoriu,~ of rtre rericalnrjrr 
pn,ducrru,j r,idrr (KPI,. PCV, packed rr l l  vc~lrd~nr. 

The MCHC is a calculated variable expressing the 
mean haemoglobin concentration per erythrocyte. 
Hypochromic anaemias will have a low MCHC. The 
MCH is a calculated variable expressing the mean 
quantity of haemoglobin per erythrocyte and does not 
take into account the volume of the erythrocyte. Thus 
microcytes will automatically have low MCH but may 
not be hypochromic. 

Careful assessment of the morphology of the eryth- 
rocytes is of critical importance in the classification of 
anaemia. Morphological abnormalities such as the 
formation of spherocytes and acanthocytes are highly 
sensitive indicators of underlying diseases such as 
immune-mediated haemolytic anaemia andhaemangio- 
sarcoma. The blood film examination also checks the 
interpretive validity of changes in the RBC indices; for 
example, if the MCHC and MCV are low then the film 
should contain microcytic hypochromic erythrocytes. 

Erythrocyte morphology should also benoted when 
anaemia is not present. Polychromasia and nRBCs 
may indicate ongoing mild blood loss, which is bal- 
anced by erythrocyte production and therefore does 
not decrease the haemoglobin concentration and PCV 
below the reference range. The presence of nRBCs in 
the absence of anaemia may also be an indicator of 
splenic or hone marrow disorders. 

Automated platelet count 
If the automated platelet count is low, the tail of the 
blood film should he examined for the presence of 
platelet clumps, which are a common cause of 
pseudothromhocytopenia. The presence of large clumps 
usually indicates a normal platelet count. Whenplate- 
lets are not clumped a count of 8-29 per high power 
(100X) field indicates adequate platelet numbers in 
dogs. Macrothrombocytes may also cause erroneously 
low counts. Genuine thrombocytopenia rarely causes 
the classic signs of petechiation and ecchymoses un- 
less the count is below 30 x 109/l. 
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Throlnbocytosis occurs relatively frequently in 
bothdogs and cats and may be due to several different 
processes. Mild thrombocytosis is often non-specific 
and seems to be associated with inflammatory 
processes. In dogs it is also a feature of the 
haelnatological pattern of iron deficiency, and 
erythrocyte variables should be checked carefully 
for evidence of hypochromia and microcytosis. 
Thrombocytosis is the first change seen in some 
cases of myeloproliferative disease. 

Total leucocyte count 
It is important to remember that the leucocyte count is 
actually a count of nucleated cells, and large numbers 
of nRBCs can produceanerroneously increasedcount. 
If a high percentage of nRBCs is present, the leucocyte 
count is corrected by the appropriate factor. 

Differential leucocyte counts 
Differential leucocyte counts should always be inter- 
preted as total counts rather than percentage counts. 
Percentage coullts should be regarded as a means for 
calculating the total counts, and have little inherent 
interpretive value. Each differential leucocyte count 
should first be classified as normal, increased or de- 
creased (e.g. absolute neutrophilia or neutropenia), 
then the overall leucocyte pattern can be assessed. The 
major patterns are the inflammatory leucogram, the 
stress leucogram, the leukaemoid response, various 
cytopenias alldgelluine leukaemias. Leucocytecoul~ts 
and morphology must be assessed together. 

Leucocyte patterns 

Inflamnlatory patterns 
The classic inflammatory pattern is neutrophilia with a 
left shift andmonocytosis. This pattern is typically seen 
insepsis, severe localized infectionsand tissue necrosis. 
Neutrophilia with a left shift but no monocytosis often 
reflects a less well established or inore acute inflamma- 
tory process. In longstanding inflammatory and/or in- 
fectious processes such as granulomatous disease and 
draining sinus tracts, the inflammatory pattern may 
evolve into a mature neutrophilia without a left shift but 
withmonocytosis and lymphocytosis. Occasionally the 
only evidence for cllronic inflammation is monocytosis. 
Regenerativeanddegenerativeleftsluftsand leukaemoid 
responses discussed are above. The presence or absence 
of the morphological signs of neutrophil 'toxicity' is 
critical in patients with inflammatory leucograms be- 
cause toxicity is quite a reliable marker for the presence 
of underlying bacterial infection. Toxicity is also a 
significant prognostic factor. 

Absolute eosinophilia is an inflalnmatory pattern 
with several different associations. Eosinophilia can 
be seen as an adjunct to neutrophilia, left shift and 
monocytosis in non-specific inflammatory processes, 
particularly in cats. Other causes of eosinophilia in- 

clude hypersensitivity, parasitism, eosinophilic dis- 
eases and systemic mastocytosis. Eosinophilic dis- 
eases of importance in dogs include eosinophilic 
bronchitis and enteritis. The cat shares these diseases, 
with the addition of the eosinophilic granuloma com- 
plex. German Shepherd Dogs often have eosinophil 
counts above the reference range for other breeds. The 
cause of this phenomenon is not known, but the in- 
creased eosinophil counts rarely seem to have any 
clinical importance. 

Stress patterns 
Stress leucograms are associated with the influence of 
stress hormones such as  catecholamines and 
glucocorticoids. During acute stress, cats may develop 
lymphocytosis and/or neutrophilia, due to catecho- 
lamine release. Lymphopenia may subsequently de- 
velop as aresult of corticosteroidrelease duringchronic 
stress. Dogs are less prone to catecholamine-induced 
haematological responses than cats but are more sen- 
sitive to glucocorticoids. The canine stress leucograln 
has several patterns. Perhaps the most common pattern 
is absolute eosinopenia, followed by lymphopenia and 
then a combination of both. Less frequently, dogs call 
develop quite massive mature neutrophilia in response 
to glucocorticoids, and this response may mimic a 
chronic inflammatory pattern. It is quite common for 
dogs to have combined inflammatory and stress 
leucograms (e.g. neutrophilia with a left shift, mono- 
cytosis, lylnpbopenia and eosinopenia). 

Cytopenias 
The stress leucogram, described above, is the most 
common cause of lymphopenia and eosinopenia. 
Neutropenia is a highly significant haematological 
finding. Theshortintravascularlifespanof neutrophils 
(7- 14 hours) lnakesthemearly markers ofbonemarrow 
dysfunction. The combination of non-regenerative 
anaemia, tllrombocytopenia and granulocytopenia is 
termed pancytopenia and is invariably associated with 
severe bone marrow disease. Cytopenias involving 
any two cell lines should also be regarded as suspicious 
of bone marrow disease. 

Neutropenia is a feature of acute viral infections 
(e.g. parvovirus or distemper). Non-specific reversible 
neutropenia occurs quitecommonly indogs withgastro- 
enteritis and is probably associated with margination 
of neutrophils in the gastrointestinal tract in response 
to the presence of local enterotoxins. Neutropenia can 
also be seen in patients wit11 severe degenerative left 
shifts due to overwhelming infectious or inflammatory 
processes. Insuch cases neutrophils often exhibit toxic 
morphology. 

Leukaelnia 
Acute leukaelnia can usually be differentiated from an 
inflammatory response by the presence of blast cells in 
peripheral circulation, although occasionally leu- 
ltaemoid responses may also have blast cells. 
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Figure 1.31: [a) A monoblast and (b) two monoblarh one of 
which is undergorng mrtosrs (mt), m the circulokon of a dog 
with monocytic leukaemla (Wright'sstain; original 
magnrfication xlOOO). (QRXIOM Veterinary Loboratorrex) 
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Genuine leukaemiamay also present a rathermono- 
tonom leucocyte morphology, often with inappropfi- 
atenumbers of cellsat eachstageof maturation (Figure 
1.3 1). Chronic granulocytic leukaemia canbe indistin- 
guishablefrom a leuhaemoid response on the basis of 
haematological features alone. 
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CHAPTER TWO 

Collection and Inter 
of Bone Marrow Sal 
Dorothee Bienzle 

pretation 
oples 

INTRODUCTION 

Bone marrow is a complex and highly specialized 
tissue that gives rise to cells with such discrete func- 
tionsas distributionof essential oxygen, defenceagainst 
microbial agents, confinement of haemorrhage, and 
initiation of wound healmg. It is a unique tissue whereby 
undifferentiated precursor cells perpetually generate 
myriads of new cells. These cells mature in an orderly 
sequence through an intricate environment of cells and 
growth factors to become mature functional erythro- 
cytes, leucocytes, and platelets. Terminally differenti- 
ated cells are released into the circulation where they 
execute their varied functions until their predestined 
short life span has been reached and they are removed 
by the haemophagocytic component of the spleen. The 
bone marrow is in a dynamic equilibrium with the 
requirements of the animal and continually and rapidly 
adjusts to variable demands. Impairment of any ele- 
ment of the bone marrow has distinct and severe 
clinical manifestations, and lack of a functional mar- 
row is incompatible with life. 

INDICATIONS FOR BONE MARROW 
EXAMINATION 

In contemporary veterinary medicine a haemogram or 
complete blood count (CBC) is part of the routine 
evalnationofsmall animalpatients. Any abnormalities 
that are detected may be appropriate responses to a 
disease in another tissue, such as an eosinophilia noted 
in some allergic responses or a responsive anaemia 
secondary to blood loss. Where deviations from refer- 
ence values cannot be accounted for, further investiga- 
tion is required. In general, when haematological 
abnormalities in an animal cannot be correlated with 
an apparent disease process, the bone marrow should 
be evaluated. Figure 2.1 outlines specific indications 
for examination of the bone marrow. 

The decision to examine bone marrow is usually 
based on findings on the CBC or on potential involve- 
ment of the marrow in a systemic disease process. 
Contraindications for the procedure are few and can be 
addressed with special precautions: particular atten- 
tion should be paid to sterile procedure in neutropenic 

Persistent and unexplained changes in one cell 
line 

Decreased cell number (anaemia, neutropenia, 
thrombocytopenia) 

Increased cell number (polycythaemia, 
neutrophilia, lymphocytosis, thrombocytosis) 

Any change affecting more than one cell line, e.g. 
anaemia and thrombocytopenia, anaemia and 
neutropenia 

Abnormal cells in circulation: 
Rubricytosis in the absence of a responsive 

anaemia 
Left shift (increased immature nentrophils) 
without nentrophilia or toxic changes 

Immature cells of any cell lineage 
Mast cells, macrophages, neoplastic, or 

unidentifiable cells 

I Fever of unknown origin I 
Suspected systemic ehrlichiosis, leishmaniasis or 
mycotic infection 

Staging of mast cell tumonrs, lymphomas or 
carcinomas I 

Hyperproteinaemia or monoclonal gammopathies 
that may be associated with multiple myeloma, 
feline plasmacytoma, ehrlichiosis, leishmaniasis, 
pyoderma, lymphoma, systemic fungal disease 
or feline infectious peritonitis 

Unexplained hypercalcaemia 

Figure 2.1: Indications for examination of bone marrow. 

or immunosuppressed patients, and soft tissue trauma 
should be minimized in animals with coagulation 
deficiencies. Sedation, analgesia or anaesthesiashould 
be tailored to the temperament of the patient or com- 
pletely omitted in debilitated animals. Although pro- 
found thrombocytopenia may seem to be a 
contraindication for bone marrow biopsy, chically 
significant bleeding in such cases is rare. Once an 
indication for examination of the bone marrow has 
been established, essentially the procedure can be 
performed in all patients. 
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COLLECTING A BONE MARROW 
SAMPLE 

Types of sample - - - 
Two types of bone marrow sample can be collected: a 
cellular aspirate of the non-adherent bone marrow 
elements (these can be smeared similarly to a blood 
smear) or a solid core of tissue consisting of bony 
trabeculae, fat and haematopoietic tissue. The latter 
biopsy requires fixation and processing like other 
tissue samples containing bone (Weiss, 1987). For 
complete evaluation both samples are required, al- 
though sometimes a diagnosis may be established 
froma cellularaspiratealone. Exceptions arecytopenias 
in the blood, which frequently reflect lack of the 
corresponding precursor cells in the bone marrow. In 
these cases anaspiratemay contain insufficient cells to 
yield a diagnosis, and a is 

~ i g u r e  2.2: Disposable Illinois sternal/iliac bone marrow 
necessary. Similarly, focal lesions or cancer metastases ,piration (bonom) with stylet and 
are best evaluated by core samples, which should dkposable bone marrow biops)@spirarion needle (top). 
incorporate areas that are shown as lytic on radio- 
graphy in addition to apparently unaffected bone mar- 
row. Furthermore, bone marrow disorders such as 
myelofibrosis or osteosclerosis frequently preclude 
successful aspiration, and the diagnosis depends on 
examination of a tissue core. On the other hand, inves- 
tigation of blood samples with abnormal or excessive 
numbers of cells or the search for an infectious organ- 
ism can often be performed satisfactorily by cytologi- 
cal examination alone. Fmally, inability to aspirate 
bone marrow may indicate improper needle placement 
or a structural abnormality, and necessitates acquisi- 
tion of a core sample. 

Biopsy needles 
Figure 2.2 shows the types of needles commonly used 
for collecting biopsy specimens. The large combina- 
tion needles may be used for aspirates as well as 
biopsies. The smaller needles are less expensive, but 
can be used only for bone marrow aspirates. As solid 
cortical boneispenetratedfor collectinga bonemarrow 
sample, it is important to use appropriate and sharp 
needles. A 13 gauge 9 cm (3.5 inch) combined aspira- 
tionand biopsy needle or a 15 gauge 4.8 cm (1 '1, inch) 
aspiration needle is adequate for most small animal 
patients, and the disposable types can be sterilized and 
reused. 

Biopsy techniques 
Active bone marrow is distributed equally throughout 
the body, and many sites are suitable for collecting 
samples (Gulati et al., 1988). In elderly animals the 
marrow cavity of long bones is more likely to consist 
of fatty tissue, hence sampling flat bones such as the 
pelvis or sternum may provide a better yield. Aspirates 
from the costochondral junction may be useful for 
evaluationof organisms infecting marrow macrophages 
(e.g. Leishmania spp.); however, core samples cannot 

be obtained from this site. For the purposes of this 
chapter, landmarks for aspiratesfromthepelvis, proxi- 
mal humerus and femur will be described. Operator 
familiarity with one particular site is likely to be just as 
important as the actual origin of the sample. 

The biopsy site is clipped and surgically prepared. 
If the patient is awake, a small area of skin and the 
periosteum at the chosen site are infiltrated with local 
anaesthetic containing adrenaline (epinephrine), with 
a 25 gauge needle. A small skin incision is made with 
the tip of a hypodermic needle or with a scalpel blade, 
and the bone marrow needle is inserted through the 
skin. The needle, with stylet firmly in place, is posi- 
tioned against bone and then gradually advanced into 
the marrow cavity using a 'drilling' (forth and back) 
motion and steady pressure. For needle placement into 
the femur the animal should be placed in lateralrecum- 
bency, the greater trochanter palpated and the needle 
inserted medial to the trochanter and parallel to the 
shaft of the femur. Humeral samples are collected by 
palpating the greater tubercle and inserting the needle 
lateral to medial onthe flat surface of the craniolateral 
aspect, distal to the greater tubercle. Aspiration from 
the iliac crest is accomplished by making the animal 
stand squarely or placing it in sternal recumbency 
(Figure 2.3), palpating the crest and introducing the 
needle parallel to the long axis of the wing of the ilium. 
The wing of theiliumitself can be aspirated in a similar 
fashion, keeping the needle angled slightly ventral. 
The ilium can be aspirated anywhere it is clearly 
palpable, but because the bone is flat the needle should 
be oriented nearly parallel to the bone surface. Needles 
and stylets that are seatedproperly in bone should feel 
as if they are 'cemented in place' and should be 
difficult to move. 
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Figure 2.3: Aspiratior~ needlefirrnly placed in the wing of 
the ilium of a dog in sterr~al recumbency and diagram 
showing placement of needle in detail. Diagram reproduced 
from Allen (1991) Small Animal Medicine with the 
permission of Lippi~~cott Williams & Wilkinr. 

Smear preparation from marrow aspirates 
As bone marrow samples clot more quickly than pe- 
ripheral blood, equipment for preparing smears should 
be ready before a sample is collected: six to eight glass 
slides on absorbent paper, sterile gloves (and a sterile 
field) and a jar with fixative. 

Once the aspiration needle is firmly seated in the 
marrow cavity, the stylet is removed (Figure 2.4) and 
a 12 ml syringe is firmly attached to the needle hub. 
Bone marrow (which normally resembles thick blood) 
should appear in the hub of the syringe after several 
rapid and forcefulaspirations (Figure2.5). Whenabout 
0.5 ml of bone marrow has been collected, the syringe 
is detached and the stylet replaced in the aspiration 
needle which has remained in the bone marrow. One 
large drop of bone marrow is placed on each of about 
five glass slides (Figure 2.6). The slides are tilted 
sideways to 45 degrees to allow excess blood to runoff 
on to the absorbent paper, leaving marrow particles, 
which are adherent to the glass (Figure 2.7). A clean 
glass slide is backed into the remaining bone marrow 
and the marrow is allowed to spread along the edge of 
the spreader glass slide, which is then swiftly pushed 
forward to produce a thin smear with a feathered edge 
(Figure 2.8). Two further smears are prepared by 

Figure 2.4: Needle cap removed, stylet wirhdrawn and 
syringe anached. 

Figure 2.5: Several forceful aspirations with syringe yield 
thick sanguineousfluid. 

I 
Figure 2.6: Thick drops of bone marrow are placed near 
frosted edge of glass slides. 

Figure 2.7: Slides are tilted to allow blood to run off oil to 
absorbent tissue paper, leaving marrow particles attached 
to glass. 

www.vet4arab.co.cc



22 Manual of Canine and Feline Haematology and T: ransfusion Medicine 

Figure 2.8: Arzorlrer glass slide is backed irzro the remainder 
of tlre bone e?arro,v drop, and rhe top glass .slide is s ~ i f i i y  
pushed fonvard to pmduce snzears wifh feathered edges. 
Srr~ears are air dried quickly. 

removing excess blood in the same manner, laying a 
clean glass slide at right angles on top of the remaining 
drop of marrow (Figure 2.9) and gently pulling the 
slides apart. All smears should be quickly air dried. 
The goal of preparing bone marrow smears is to 
concentrate the marrow components and to remove 
much of the contaminating blood. Rapid drying of 
smears greatly preserves cytologicalfeatures. Because 
the sample clots quickly, speed is essential, and prepa- 
rationof all thesmears should take less than oneminute. 
Alternatively, the bone marrow needle and syringe may 
be rinsed with 10% ethylenediamine tetra-acetic acid 
(EDTA), or the whole aspirate may be mixed with 
EDTA in a 3 ml tube before preparing the smears. 

A satisfactory aspirate is characterized by the pres- 
ence of small granules, which are particularly visible 
after excess blood has been drained off the slide. These 
are the marrow particles. Fat globules are frequently 
noted and are a normal component of bone marrow 
aspirates. Inability to aspirate bone marrow is often 
due to bone or muscle fragments occluding the needle 
or the needle being lodged in cortical bone. Retracting 
the needle a small distance may pernlit sample collec- 
tion. Alternatively, the needle should be removed, 
inspected for blockage and clots and reinserted, with 
stylet fimlly in place, at a different site. Myelofibrosis 
or certain neoplasms involving the bone marrow may 
preclude successful aspiration, yielding hypocellular 
smears despite a hypercellular marrow. 

Air-dried smears may be either submitted to a 
laboratory for staining and evaluation by a pathologist 
or stained directly. Romanowsky-type stains are most 
commonly employed, but 'quick' versions will yield 
adequate staining in many instances. Smears of bone 
marrow are generally of sufficient cellularity to re- 
quire prolonged exposure to stain or two staining 
cycles in an automated stainer. 

Obtaining a core biopsy 
As marrow architecture is distorted in the immediate 
vicinity of an aspirate, it is important that either the 

Fixere 2.9: Anotlzer ser ofsf~rears is prepared by yer~rly ~. .. . 
laving n glass slide at ri i lzt i~rzg le across the re,?mirzder of 
the bone nzarrow drop, pul l i r~g the slides apart and yapidly 
dryirzg rhnn in air. 

biopsy needle is completely redirected after aspiration 
or that another site is sampled. The biopsy needle is 
inserted into bone in the same manner as for an aspi- 
rate. Again, the needle, with stylet in place, is seated 
firmly in conical bone. The stylet is removed and the 
needle is advanced with a gentle 'drilling' motion and 
steady pressure. The sharp edge of the biopsy needle 
cutsa cylinder oftissueconsistingofthinbony spicules 
with interspersed marrow. Once the needle has been 
advanced about 2.5 cm (a little less in cats and small 
dogs and more in large dogs), the needle is moved 
swiftly sideways afew times to break off thedistal part 
of the core biopsy and is then retracted. Biopsy needles 
have tapered tips to retain the core inside the lumen of 
the needle as it is withdrawn. To retrieve the specimen 
with minimal distortion, the blunt ended (probe)partof 
the biopsy needle should be inserted in a retrograde 
fashion and the core should be carefully pushed from 
the tapered end backwards to the hub of the needle 
(Figure 2.10). If an aspirate was not obtained, the core 
may be gently rolled on a glass slide for a cytological 
imprint, and then placedinbuffered formalinorfreshly 
prepared B-5 fixative. Formalin provides adequate 
fixation, but B-5 fixative is preferable for optimal 
histological preparation (Weiss, 1987). An adequate 
bone marrow core should be at least 1.5 cm long, 
preferably 2.5 cm (Figure 2.11). If only asmall sample 
is obtained, another core specimen should be col- 
lected. Allslidesandbiopsy samples shouldbe labelled 
and submitted. 

I 
Figure 2.10: 
Borze ,narrow 
core in 1u,11m 
of biopsy 
needle is 
pushed out 
backwards ivirh 
rhe blurlr s ~ l e t  
ro ,ninin?ize 
di.~rortion of rhe 
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Figure 2.11: Normal bone marrow core appears red and 
should measure at least 1.5 cm. 

In conclusion, a complete submission for examina- 
tion of bone marrow consists of an exact history, three 
to six prepared smears, a bone marrow core and a 
concurrentbloodsample for aCBC. Thehistory should 
include details on drugs, physical and laboratory fmd- 
ings and previous or current illness. 

INTERPRETATION OF BONE 
MARROW SAMPLES 

Proficient interpretation of bone marrow samples re- 
quires a thorough knowledge of haematopoiesis, the 
stages of cell development, and different disease pro- 
cesses. The skill requiredfor accurate interpretation of 
bone marrow is difficult to acquire with only occa- 
sionalpractice. Practitioners wantingto examine smears 
themselves are advised to seek confirmation from 
experienced haematopathologists until proficient. 
Detailed description of interpretative principles is 
beyond the scope of this text; however, basic concepts 
and deviations from normal findings are reviewed. 

To evaluate bone marrow samples accurately, 
smears must be examined in a systematic and consist- 
ent manner. All normal marrow components are as- 
sessed sequentially, changes are described, unusual 
elements are notedand then a composite interpretation 
and correlation with the hematological and clinical 
picture areformulated. Figure 2.12 outlines the princi- 
ples of interpretation. 

Low magnification 
An adequate marrow smear should have several parti- 
cles and areas where the cells are sufficiently spread 
out to enable morphology to be evaluated. Marrow 
particles from young animals are very cellular, but 
with age there is progressive replacement of the active 
marrow withfat: particles containing25-75% cells are 
considered normal for adult animals, whereas those 
containing 80-90% fat are typical for healthy elderly 
animals (Weiss, 1986). On smears prepared with 
Wright's stainmegakaryocytes are readily identifiable 
as giant multinucleated cells, which have a dark baso- 
philic cytoplasm if young. With progressive maturity 

megakaryocytes have increased cytoplasmic volume, 
show more wsinophilic staining and have a granular 
cytoplasm. On average 5-10 megakaryocytes are as- 
sociated with a particle, although occasionally 
megakaryocytes are present only at the feathered edge 
of a smear. Accurateestimates of megakaryocytenum- 
bers are best derived from biopsy specimens, as the 
variable cellularity of aspirates may precludeobjective 
evaluation. Megakaryocyte hyperplasia is commonly 
observed with immune-mediated thrombocytopenia 
(IMT) (Lewis and Meyers, 1996) whereas a lack of 
megakaryocytes has been reported in cases of IMT 
where the immune response is thought to be directed 
againstboth platele tsandtheirprecmors inthemarrow 
(Williams and Maggio-Price, 1984). Iron stains dark 
brown to black with Wright's stain and should be 
evident on marrow smears from adult dogs, but not 
cats. Lack of stainable iron is a consistent finding in the 
marrow of animals with iron deficiency (Weeks et al., 
1987). Increased iron stores have been associated with 
anaemia of chronic disease. F i l l y ,  an area of the 
smear wherethe cells are spread apart,usnally the 'tail' 
of aparticle, should be selectedfor closer examination. 

High magnification 
Normal erythropoiesis and myelopoiesis are charac- 
terized by a predominance of the maturing stages of 
cell development. Granulocyte maturation proceeds 

Estimate cellularity of marrow particles 

I Estimate megakaryocyte numbers and maturity, - I 
I Assess iron stores I 

Assess erythroid and myeloid numbers, 
morphology and synchronicity of maturation 
Determine myeloid to erythroid ratio 
Identify other cell types: plasma cells, 
lymphocytes, histiocytes 
Identify abnormal cells: mast cells, neoplastic 
cells 
Identify infectious agents: fungal elements, 
Ehrlichia spp. 

Figure 2.12: Evaluation of bone marrow smears. 
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fromundifferentiated roundmyeloblasts withnucleoli P 
to promyelocytes containing azurophilic granules to 
myelocytes with gradually decreasing nuclear size and 
increasing chromatin condensation. Metamyelocytes 
have indented nuclei that progress to become band 
shaped and eventually segmented as in mature 
neutroohils (Figure 2.13). The three stages of . .. - 
metamyelocytes and band a d  segmented neutrophils 
normally comprise 70-80% of all cells in the myeloid 
series and are the maturing stages of myelopoiesis. 
Myeloblasts, promyelocytes and myelocytes are able 
to undergo mitosis and therefore constitute the prolif- 
erating component. Development from mbriblast to Figure 215: Bone marrow smear of myeloid hyperplasia 
metarnbricvte is distineuished bv a orogressive de- with a predomrmnce of the maturrng stages and an - , n u  ~ ~ 

crease in till size, loss o,-cy,oplasn,ic basophilia, and uz~~rru.ved mjcloid ro er).rhro:d mrzu us seen in chronic 
supyurulr~c drrmurtr~v. S~.arrrrcdplasmo crlls and ruhric)r<,s 

increased haemoglobi~~ synthesis, imparting the char- ,,, ,,, ,,,.,o, 

acteristicpinkcolour of mature redcells (Figure 2.14). 
The nucleus gradually condenses andis extrndedfrom 
metarubricytes before the polychromatophilic e m -  
rocytestageandexitfromthenmrow. Wherembricytes 
and metarnbricytes comprise about 90% of all eryth- 
roid cells, with the later stages predominating, this 
indicates synchronicity of maturation. The ratio of 
myeloid tonucleatederythroid cells (M/Eratio) ranges 
from 3:l to 5: 1 in health dogs and cats. 

An appropriate marrow response to peripheral tissue 
demand for increased neutrophils or erythrocytes is 
characterized by an overallincrease in the proportionof 
the particular cell line, concurrent with retained orderly 
maturation and a predominance of maturing stages 
(hyperplasia). Therefore, the marrow of a dog with a 
resoonsive anaemia has a decreased M/E ratio and an 
absolute increase inerythmid cells, but a predominance 
of latestagerubricytes. A chronicidammatory disease 
with suppuration, such as pyoderma, increases the M/E 
ratio by stimulating increased neutrophil production, 
albeit that most of the granulocytes will be 
metamyelocytes and band and segmented neutrophils 
(Figwe 2.15). However, early recovery from a non- 
specific cytotoxic insult to the bone marrow (canine or 
feline parvoviral infection, chemotherapy or radiation) 
consists of increased proportions of immature forms 
that are easily mistaken for a neoplastic process. My- 
eloid cells will be most affected, as the longer life span 

Figure2.13:Bonemarrowsmear wzthdeveloprngmyelozdcells of red celk entails a slower rate of production. In these 
surroundmnga rubrrblast. Roundnuclez, aprommenrnucleolus, cases, resampling bone marrow after one week should 
and lack of granules cbaracterrze myeloblusts. Promyelocytes indicate a progressive to orderlymawation, with 
have azurophrkc granules whereas myelocyte granules are 
poorly visrble. Metomyelocytes have rndented nuclei that accumulation of late erythroid and myeloid cells. 
progress to become band shaped and eventually segmented Pure red cell aplasia is characterized by profound 

anaemia. near com~lete lack of ervthroid cells in the 

Figure 2.14: Bone marrow smear wrth eryrhroid maturakon 
stages. Increasrng nuclear condensatzon and acquisrtion of 
an oranae cvtoolasmrc colour concurrent with haemozlobin - . .  - 
synthesis indicatesprogressrve maturily in rubricytes. 

bone marrow, norm2 myelopoiesis &d thrombopoiesis 
and a profoundly increased ratio. Aplastic anae- 
mia, however, manifests as a reduction in all cellular 
elements, and commonly only reticularcells andplasma 
cellsare observed in the bone marrow (Figure2.16). In 
myelofibrosis, proliferation of the stromal compo- 
nents inthebonemarrow, withexcessive productionof 
extracellularmatrix, leads to gradual destruction of the 
normal haematopoietic space. Myelofibrosis may ac- 
company or precede neoplastic diseases of the bone 
marrow (Blue, 1988) or may occur subsequent to 
chronically stimulated erythropoiesis in some cases of 
severe haemolytic anaemia (Reagan, 1993). Aspirating 
marrow inthese instances is ~ ~ c n l t  or impossible, and 
the diagnosis is based on histopathological fmdimgs. 
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Figure Wd: 
Histological section. 
ofaplastic anaemia 
in a cat, with lack of 
haematopoietic 
pwursor cells. 
Reticular and 
plasma celkare 
present. 

Neoplasms of haematopoietic cells 
Neoplasms of the haematopoietic cells are broadly 
divided into acute and chronic leukaemias (Jain et al., 
1991). Generally, acute leukaemias manifest with pro- 
found cytopenias in the peripheral blood, and bone 
marrow aspirates have a predominance of immature 
(blast) cells (Figure 2.17) that are difficultto classify by 
morphological criteria. Remnants of n o m l  haemato- 
poiesis may be present, and the M/E ratio may be 
normal, but the synchronicity of maturation of the 
neoplastic cell line will be severely disturbed. 
Immunophenotypically, most canine acute leukaemias 
seemtobeofgranulocyticorigjn(Figure2.ls),followed 
by lymphocyticandundifferentiatedleukaemias (Vernau 
and Moore, 1999). In most cases special cytochemical 
or immunochemical stains or elecmn microscopy are 
required to identify the origin of the neoplasm. The 
prognosis for acute leukaemias in small animals is grave. 

Figure 2.17: Bone marrow smear with profound 
hypercellularity conn'sting of irnmmre bias cells. The dog 
had acute leuukaemia and manfested wirh pancytopenia m 
the hmmogram 

h'pure 2.18: Hkher mamification @f&ure 2.1 Z Most of 
rhfrells ure bl& *1t11 a  m moll parinucl&r clearin# (Golgi 
zone,. Tbvo cell7 ore in mrrosis and normal baemutopu~et~c 

In contrast, chronic leukaemias frequently resem- 
ble an overaccnmulation of morphologically benign 
andrelatively maturecells. Changesonthebaempm 
consist of a moderate to noticeable increase in cells of 
the neoplastic limeage, and possibly mild anaemia, 
neutmpenia or thrombocytopenia. A bone marrow 
aspirate may be difficult to obtain in cases where the 
core biopsy nevertheless shows profound 
hypercellularity. Morphologically, maturation of the 
affected cell line may be synchronous; however, the 
M/E ratio will be noticeably increased owing to an 
absolute increase in cells of the neoplastic lineage. 
Gmnulocytic andlyrnphocytic leukaemias (Figure2.19) 
withgradual progressionhave beendescribed insmall 
animals. Most chronic lymphocytic lenkaemias in 
dogs morphologically are large granular lymphocytes 
(LGL) and express a T-cell receptor (Vernau and 
Moore, 1999). It has been suggested that a blast cell 
count of more than 30% in the blood or bone marrow 
indicates an acute leukaemia, whereas a count of less 
than 30% in the bone marrow suggests chronic leuk- 
aemia, myelodysplastic syndrome or a leukaemoid 
reaction (Jain et a l ,  1991). Compared with humans, 
however, dogs and cats generally present at a later 
stage of the disease process, and distinction of acute 
from chronic leukaemia may be difficult. Snrvival 
times exceeding four years have been reportedin dogs 
with chronic lymphocytic leukaemia treated with 
chemotherapy (Leifer and Matus, 1986; Vernau and 
Moore, 1999). 

- &  - d 

Figure 2.19: Bone marrow smear with predominant small 
lymphocytes, sslmilnr in size to red celk. Rere is a relatme 
paucity of myelozdand eqhroulprecursors The dog had 
drronrc tymphocytic kuukaemza and only mildmnremca. 

Erythremic myelosis and polycythaemia 
Erythremic myelosis is a neoplastic proliferation of 
mbricytes observed in cats infected with feline leuk- 
aemia v h s  (FeLV) presenting with a mbricytosis 
consisting of immature apd mature mbricytes and 
withvariable leucopenia a d  thrombocytopenia. Bone 
marrow smears indicate pmfoundly disturbed eryth- 
roid maturation, granulocytopenia and severely de- 
creasedM/Eratios. Chronic tissuehypoxiaandectopic 
production of erythropoietin result in ph'ysiologickl elements are severely reduced 
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and paraneoplastic polycythaemia, respectively. The 
peripheral blood picture is characterized by persist- 
ently increasedredcellconnts and concomitant eryth- 
roid hyperplasia in the bone marrow. Primary 
polycythaemia Vera is, however, a neoplastic proli- 
feration of either erythrocytes or all mature bone 
marrow elements, independent of erythropoietin 
stimulation (Khanna and Bienzle, 1994). In the latter 
case, the bone marrow is profoundly hypercellular 
owing to a relatively synchronous increase in all 
cell lineages (Figure 2.20), which is reflected by an 
increased haematocrit and granulocytosis and throm- 
bocytosis in the blood. The myelodysplastic syn- 
drome encompasses a variety of abnormal 
haematopoietic processes: peripheral blood cyto- 
penia with abnormal cell maturation, myelofibrosis 
and a blast cell count of less than 30% in the bone 
marrow (Jain et al., 1991). The syndrome occurs 
predominantly in FeLV-infected cats, and frequently 
precedes acute leukaemia (Blue, 1988). 

section of 
hypercellular 
bone marrow 
from an 
ll-year-old 
cat with 
polycythaemia 
Vera. All 
haemopoietic 
elements are 
present, and the 
myeloid to 
erythroid ratio 
was3:l .  

I 

Non-haematopoietic neoplasms in the bone 
marrow 

Figure 220: 
Histological 

Multiple myeloma 
Clonal proliferation of immunoglobulin-producing 
plasma cells in the bone marrow, with a monoclonal 
gammopathy and lytic bone lesions, characterize 
mostformsof multiplemyeloma (Matus etal., 1986). 
The diagnosis of theneoplasmis based onidentifying 
clusters of monomorphic plasma cells in aspirates or 
core biopsies from lytic bone lesions, the presence 
of monoclonal immunoglobulin in serum, or 
monoclonal light chains in urine. Haematologically 
normal animals may have 5% to 10% plasma cells in 
the marrow, and increased proportions of plasma 
cells have been observed in myelofibrosis, anaemia 
of renal failure, and aplastic anaemia (Weiss, 1986). 
In cases of anaemia of renal failure and aplastic 
anaemia, however, the plasma cells are morphologi- 
cally mame and dispersed tbroughout the marrow, 
and lytic lesions are not observed. 

Lymphoma 
Lymphoma in the dog has been reported to involve the 
bone marrow in about 50% of cases, regardless of the 
histological type (Raskin and Kcehbiel, 1988). There- 
fore, staging of dogs with lymphoma includes assess- 
ment of bone marrow involvement and should ideally 
be based on histological evaluation of core biopsies in 
order to detect focal involvement and architectural 
changes. Concurrent evaluation of the primarytumour 
helps to identify neoplastic lymphocytes as a small 
number of benign lymphocytes are commoninnormal 
haematopoietic tissue. Low-grade diffuseinvolvement 
of the marrow in lymphoma is difficult to detect, and 
the clinician ought to be aware that morphological 
evaluation of one marrow biopsy is not a sensitive 
indicator of neoplastic involvement. 

Mast cell tumours 
Mast cell tumours in the dog may metastasize via the 
haemolymphatic system to the bone marrow (Rogers, 
1996). Buffy coat smears and bone marrow aspirates 
are commonly examined to detect systemic malignant 
mastocytosis. Morphologically indistinguishable be- 
nign mastocytosis may, however, occur in a variety of 
non-neoplastic conditions (J3ooSmder et aL, 1992; 
Walker et al, 1997). Hence, a diagnosis of metastatic 
mast cell tumour must be based on the detection of 
clusters of mast cells in bone marrow biopsies or 
aspirates in the absence of inflammatory diseases such 
as dermatitis or enteritis, which have been associated 
with benign mastocytosis @gures 2.21 and 2.22). 

Figure 2.21: Bone 
marrow smear 
showrng two mf 
cells (arrowed) 
among erythrozd 
and myelord cells. 
This sample 
orrglnatedfrom a 
dog wzth a 
cutaneous mast 
cell tumour. 

Figure 222: 
Histobgrcal 
secrionfrom the 
m e  described in 
Figure 2,2I 
showzngfon with 
increased cellular 
demty consmrng 
of mast cells. The 
dog had mast cell 
tumours m the 
bone marrow. The 
extent of the 
metastatic process 
was not apparent 
on mpirafes. 
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Histiucytosis 
The bonemarrow commoilly is involved in proliferative 
diseases of histiocytic cells. Clusters of large vacu- 
olated, frequently multinucleated, cells with phagocy- 
tosed red cells or haelnosiderin in the bone marrow and 
other tissues are characteristic of malignant liistiocyto- 
sis. This disease must be distinzuislied from the .-- " 
haemophagocytic syndrome, which is a rare prolifera- 
tion of tnorphologically ilormal liistiocytes observed in 
associationwitlisystemici~ifectiousdiseases (Waltonet 
al., 1996). Whereas malignant liistiocytosis has a rap- 
idly progressive disease course, the haemopllagocytic 
syndrome may spontaneously resolve. Histiocytic hy- 
peylasiaisobsewed inmycotic, protozoal ormycobac- 
teliali~lfectionsthatinducegra~iulomatousinflammation, 
and in storage diseases resultilig in cytoplasinic accu- 
mulation of non-degradable tnetabolic products. 

Metastatic carcino~l~as 
Lastly, neoplasms of epithelial origin may metastasize 
to the bone marrow, although this seems to be an 
infrequent or a clinically inapparent occurrence in 
animals. Clusters of adherent non-haematopoietic cells 
in smears or histological sections of marrow suggest 
metastatic carcinoma. The prognostic significance of 
metastatic carcinomas is undetermined for most small 
animal neoplasms. 

Involvetnent of the bone marrow in metastatic neo- 
plasia affects prognosis and treatment. Most attempts to 
diagliose metastasis rely solely on morphological iden- 
tification of neoplastic cells and thus are limited by the 
sizeof the sample, the relative presence of the neoplastic 
cell population and the expertise of the pathologist. 
Newer diagnostic methods that are currently not ron- 
tinely availablesuch as iminunostaining andassessment 
of iinlnune receptor cloilality or chromosomal abnor- 
malities, will greatly aidinderivinganaccuratediagnosis. 

SUMMARY 
Examination of the bone marrow is an essential tool in 
the diagnosis of most haematological diseases, and aids 
intheassessment of many othersystemic andneoplastic 
conditions. Providing adequatespecimens is paramount 
for accurate interpretation, and pathological findings 
must be interpreted in conjunction with physical and 
laboratory data, and with the peripheral blood picture. 
Communication between the clinician and the patholo- 
gist is an invaluable component in deriving a diagnosis 
from a bone marrow sample. 
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Jenny Mills 

I 

INTRODUCTION 

Anaemia 

Anaemia is a common clinical and laboratory test 
fmding, which initself does not constitute a diagnosis. 
The ultimate aim for the veterinary practitioner is to 
determine the pathogenesis of the anaemia in order to 
deliverthemost appropriatetherapy forthe patient and 

1 ,  
to instigatesteps that may prevent the conditionoccur- 
ring again. 

This chapter looks at ways of unravelling the 
enigma of anaemia in dogs and cats. Steps are 
described to diagnose the pathogenesis of anaemia 
in a patient. The astute diagnostician uses various 
clinical and laboratory clues fromthe haematological 
report and the blood film to arrive at a useful 
pathological diagnosis of the underlying problem. 
If the initial blood test is not fully revealing, 
the clinician may need to undertake further tests 
to achieve a more definitive diagnosis. This 
chapter describes the process of investigation of 
anaemia. 

RED CELL PRODUCTION 

The process of erythropoiesis involves the three basic 
components of stem cells, cytokines and an appropriate 
microenvironment. The latter includes factors such as 
supply of oxygen, nutrients, iron and amino acids (Fig- 
ure 3.1). In adult mammals, erythropoiesis proceeds 
within the bone marrow under the influence of specific 
cytokines, whichact duectly on surface receptors of the 
erythroid stem cells: BFU-E (bust-forming unit - 
erythroid) and CFU-E (colony-forming unit - eryth- 
mid). These cytokines include interleukin 3, 'burst- 
forming activity' and erythropoietin. The effect of 
erykhropietin is to increase the number of committed 
erytbroidstemcells, to enhance thesurvivalof develop- 
ing e~ythroid cells, to promote the release of maturing 
red cells and to ultimately increase the number of red 
cells produced by the bone marrow. The effect of 
erythropoietinon stemcells is modulated and enhanced 
by other hormones such as androgens, thyroxine, growth 
hormone, corticosteroids and prostaglandins E,and E,. 

Marrow Production 

. . 

. .  , 

~~ . . -~ . . .  ,~ 
~ ~ 

Figure 3.1: Three essential components 
required for haematopoiesis are stem 
cells, cytokines and an appropriate 
marrow microenvironment. The last may 
consist of an adequate supply of oxygen 
and nutrients such as iron, amino acids, 
glycine and vitamins B12,B6 and folate. 
The nutrients required for red.ceU 
production may be considered in two 
categories; those needed for nucieoride 
synthesis and those for haemogiobin 
synthesis. The endproduct, mature red 
cells, are then released into the 
peripheral blood circulation by 
migratlon through vascular sinusoids. 
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Other factors act to inhibit erythropoiesis by 
down-regulating the expression of receptors on the 
surface of the erythroid stem cells. Suppressive 
factors include interleulcii~ 1 and tulnour necrosis 
factor (TNF), both of which are released from 
macrophages during inflammation. Oestrogen and 
prostaglalidin F2= also suppress erythropoiesis. In 
cats, the p15E cornpollent of the feline leukaemia 
virus also acts to inhibit erythropoiesis. 

DEFINITION OF ANAEMIA 

Anaemia is defined as a situation in which tlie total 
erytl~ron mass in peripheral blood is depleted below 
reference values for animals of the same species tliat 
are of similar age. The three basic variables of the 
erythron that determine whether an animal is anaemic 
are haemoglobin, packed cell volume (PCV) or hae- 
lnatocrit axid red blood cell (RBC) count. 

In interpreting any laboratory values, an awareness 
of factors that influence the results is needed. Of the 
variables above, RBC cou~it is likely to be the least 
accurate because of the method of measurement. The 
concentration of haemoglobin will be falsely high in 
lipaemic samples. Haemoglobin concentration, PCV 
and RBC count will be affected by the total plasma 
volume of the animal. Dehydrated animals will have a 
contracted plasma volume and therefore tnay show 
haemocoilcentration and high erythroii values. If the 
resting erythron values were originally low, a dehy- 
drated animal may have a masked anaemia, with the 
contracted plasma voluine masking the measurement 
of low haemoglobin conceiitration, PCV or RBC count 
to the extent tliat these variables may fall within 
reference range. 

Anaemia may be relative or absolute. In relative 
anaemia, there is a normal total red cell Inass but an 
expanded plasma volume. Examples of relative anaemia 
are haemodilution after admiliistration of ititravellous 
fluids al~dsequestration of red cells due tosplenomegaly. 
In absolute anaemia the total red cell mass is decreased 
while the plasma volume is nonnal. The remainder of 
this chapter deals only with absolute anaemia. 

VARIABLES THAT CHARACTERIZE 
ANAEMIA 

Once the presence of anaemia is established from the 
primary haematological examination, the first step in 
defining the pathophysiology of the problem involves 
assessing: 

The regenerative response; reticulocyte count - Red cell indices; mean corpuscular volume 
(MCV) and mean corpuscular haemoglobin 
concentration (MCHC) - Red cell morphology on a blood smear. 

The regenerative response 
The physiological limit on the extent of the bone 
lnarrow regellerative response to an anaemia is an 
eightfold or even tenfold increase in red cell produc- 
tion. The greatest regenerative responses are seen with 
haemnolytic anaemia (six- to eightfold increase), and 
moderate regenerative responses are usually seen with 
haemorrhagic anaemia (two- to fourfold increase). 
Exceptions do, however, occur. Allaelnias seen within 
3 to 4 days after blood loss or haetnolysis will show no 
signs of regeneration in peripheral blood, because of 
the 4-day productiol~ time for red cells. Such condi- 
tions are termed preregenerative. An absence of 
reticulocytes in an ongoit~g anaemia indicates a defect 
in production and warrants futther investigation. The 
degreeof polycl~rolnasiaarid the reticulocytecount are 
used to assess the extent of the regellerative response 
of the erythron, subjectively and objectively, respec- 
tively. The reticulocyte count is determined by using a 
supravital stain and by quantifying those red cells that 
contain blue-staining RNA in a reticular network. This 
is usually done manually, but some haematological 
instruments have the capacity to quaittify these cells 
directly. The percentage reticulocyte count is then 
compared to, and adjusted for, the degree of anaemia, 
andconclusions are drawnon theadequacy of the bone 
marrow response to the anaemia. 

The degree of response is represented by the cor- 
rected reticulocyte count. The most reliable metliodof 
expressing thiscount is to calculate theabsolutereticu- 
locyte count by multiplying the raw reticulocyte per- 
centage by the total RBC count. This calculation 
expresses tlie response per nilit volume of whole blood 
and is therefore Inore appropriate than a percentage 
value. Thenonnal absolutereticulocyte count foradog 
is about 60 x 10°/l. Increases to 360 x 109/1 will 
therefore represent a sixfold illcrease in erythroid 
production in the hone marrow. 

Cats differ from dogs in that they nlay have punc- 
tate reticulocytes, as well as normal aggregate or 
reticular forins. The punctate forms represent aged 
reticulocytes, but only the aggregate forins should be 
counted when assessing the regenerative respotse. 

Red cell indices 
Red cell indices define the quality of the red cells 
produced by describing theaverage red cell size (MCV) 
andaverage red cell haemoglobincontent (MCHC). In 
avery regenerative response, a lnacrocytic (highMCV) 
hypochromic (low MCHC) population of red cells is 
expected. Microcytic (low MCV) hypochromic (low 
MCHC) populations, however, are likely to occur in 
conditions of defective haemoglobinsynthesis such as 
iron deficiency. 

Macrocytosis may also be seen in myelodysplasia 
in cats, in association with the admiliistration of 
antiepileptic drugs, and rarely in some Poodles (toy 
and miniature breeds) as a dyscrasia resembling 
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vitamin B12 and folate deficiency in humans. The 
condition in Poodles does not require treatment. 
Microcytosis may be seen normally in the Japanese 
Akita and Shiba Inu breeds of dog and in some dogs 

I with portosystemic shunts. 

Red cell morphology 
Red cell morphology is evaluated by examination of a 
stained blood smear. Any changes in shape from the 
classicbiconcavedisc areidentifiedandsemiquantified 
and may lead to a specific diagnosis or interpretation 
(Figure 3.2). Compared with red cells from a dog those 
from a cat are smaller, not as biconcave and show less 
central pallor on smears. 

Large numbers of Immune-mediated 
spherocytes haemolysis 

Schistocytes Intravascular red cell 
(fragmented cells) injury 

Keratocytes (horn Intravascular red cell 
shapes) injury 

Heinz bodies Heinz body haemolysis, 
oxidant injury 

Dacryocytes Iron deficiency, 
(tear-drop shape) myelofibrosis 

Echinocytes (burr cell) Renal azotaemia, 
chemotherapy 

Acanthocytes (spur Splenic neoplasia, liver 
cells) disease, etc 

F i e r e  3.2: Examples of changes in red cell morphology 
from the classic biconcave disc and their interpretation. 

ERYTHRON DISORDERS WITHOUT 
ANAEMIA 

Anaemia occurs when the rate of red cell loss or 
destruction exceeds the rate of red cell production 
(Figure 3.3). 

Changes in red cell production and/or loss may 
occur without significant reductions in PCV, haemo- 
globin concentration or RBC count. Compensated 
anaemia may be seen in some haemolytic states where 
the rate of production matches the rate of red cell 
destruction. In these cases, there are obvious signs of 
erythroid regeneration in the peripheral blood, with 
high levels of reticulocytes and possibly some mor- 
phological change in the red cells. Examples of this 
have been reported with immnne-mediated haemo- 
lysis (Mills, 1997) andinanhereditary defectinthered 
cells of a dog (Mills and Marsden, 1999). 

Defects in bone marrow production and disorders 
affecting the haemoglobinization process, which lead 
to ineffective erythropoiesis, may temporarily beasso- 

- 
(a) Normal status 

I (b) Haemorrhage or haemol* 

(c) Produchon defect 

Figure 3.3: Anaemia occurs when there 1s an rmbalance 
brnvre~~ pruducrlon and lorc qrrrd cells. (a, Normal .crdru.s. 
Ih ,  Wirlz horn~olvs~s or haenrorrhorr, the rure o f  lo.%< or l~.>is  , . 
usually exceeds ;he rate of increase in production for a time, 
before equilibrium is reszored. (c)  With production deficits, 
such as aplaszic anaemia, the raze of loss is normal but 
exceeds zhe rate ofproduction. 

ciated with normal erythron values, before anaemia 
develops. This condition will be described later. Ex- 
amples in this category are lead poisoning, folic acid 
and vitamin B12 deficiencies and iron deficiency. 

The spleen plays a role in the red cell life cycle, in 
thatinmost domestic animalspeciesitcontains narrow 
vascularsinusoids through which the red cells traverse 
(Figure 3.4). Senescent red cells losetheir deformability 
and consequently are phagocytosed by macrophages 
in the spleen. In this way the spleen acts as the 'rubbish 
sorter' of blood, removLg other particles such as 
Howell-Jolly bodies or nuclei of immature red cells. 
Consequently, enlargement of the spleen for any 
reason can trap or sequester more red cells, contribut- 
ing to anapparent anaemia duemainly toredistribution 
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I 
Figure 3.4: Followingproduction, the red cells circulate in peripheral blood until they are destroyed by macrophages in the 
spleen, after their nominal lifepan (about 70 days in the cat and I20 days in the dog). Any enlargement of the spleen may cause 
sequestration of blood or increased destruction of red cells. 

of the cells in this organ. However, the effect of 
adrenalim release in causing splenic enlargement is 
minor in the dog and cat compared with that in the 
horse, where up to 30% of the blood volume may be 
trapped in an enlarged spleen. However, the spleen of 
cats does not contain a sinusoidal structure, thereby 
permitting longer survival of particles such as Heinz 
bodies withm red cells. 

If the rate of red cell production exceeds the rate of 
loss, a state of erythrocytosis (secondary polycythae- 
mia) with high PCV, haemoglobin concentration or 
RBC count may eventually develop. Increased eryth- 
roid production - and consequently reticulocytosis - 
may occur in response to the high erythropoietin 
concentrations that follow tissue anoxia. Conditions 
associated with erythrocytosis include obstructive pul- 
monary disease, cardiovascular disorders (ventricular 
septa1 defects, patent ductus arteriosns), high altitude 
states or renal hypoxia or renal abnormalities (e.g. 
embryonal nephroma, renal cysts). Autonomous pro- 
duction of mature red cells, irrespective of erythropoi- 
etin concentrations, represents a neoplastic state of 
haematopoiesis known as polycythaemia Vera (pri- 
mary polycythaemia). 

CLASSIFICATION OF ANAEMIA 

The classification of anaemia according to basic 
pathophysiological mechanisms provides a useful ap- 
proach to the diagnosis of the underlying problem. 

Anaemias of bone marrow dysfunction involve 
reduced red cell production, defects in nncleotide 
synthesis, defects in haemoglobin synthesis and 
myelodysplastic syndromes. Anaemias of increased 
red cell destmction involve haemolysis of normal red 
cells or haemolysis due to either genetic defects of red 
cells or acquired defects of red cells. Anaemias of 
increased red cell loss involve internal or external 
haemorrhage. 

Figure 3.5 shows an outline of causes of anaemia 
based on diagnostic decisions or observations. 

Anaemias of bone marrow dysfunction 
The basic requirements for production of red cells are 
stem cells, cytokines and an appropniate marrow envi- 
ronment, which includes blood supply, oxygen and 
nutrients. When any of these components are lacking, 
erythropoiesis will he affected. 

Reduced red cell production 
Anaemias in this category will be non-regenerative, 
normocytic (normal MCV) and normochromic (nor- 
mal MCHC). A concurrent leucopenia and thrombo- 
cytopenia should alert the clinician to the possibility of 
aplastic anaemia or myelophthisis. In these two condi- 
tions, multipotential stem cells may be injured, sup- 
pressed (aplasia; no growth) or displaced 
(myelophthisis; marrow wasting). Some of these ef- 
fects may be mediated by cytokines or regulatory 
lymphocytes, which may alter the marrow 
microenvironment. These anaemias can be severe and 
difficult to treat, but in some instances the administra- 
tion of cytokines has been found to be helpful in 
promoting ceU development and maturation. Exam- 
ples of causes of marrow aplasia include the injurious 
effects of irradiation, toxic plants (bracken fern in 
cattle), viruses (felime leukaemia virus; FeLV), hor- 
mones (oestrogen, particularly in dogs), drugs (e.g. 
phenylbutazone, chloramphenicol, sulpha drugs), 
chemicals that accumulate in fat (e.g. DDT, trichlor- 
ethylene,cyclic hydrocarbons) andtheinfectiousagent 
Ehrllchia canis. 

Myelophthisis represents a space-occupying lesion 
in bone marrow that inhibits or displaces normal hae- 
matopoietic cells. Examples are marrow neoplasms, 
leukaemias, metastatic neoplasms (carcinomas, 
melanomas), myelofibrosis and granulomatous inflam- 
matory disease of marrow, such as systemic fungal 
infections, histoplasmosis and miliary tuberculosis. 
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The development of myelofibrosis may be idiopathic 
or occur after prolonged marrow stimulation or as a 
terminal event in myelproliferative disease. Myelo- 
fibrosis is considered to be associated with megakaryo- 
cyte-derived growthfactors, andmarrow mastocytosis 
may be seen in these patients. 

Pure red cell aplasia refers to reductions incommit- 
ted (unipotential) erythroidstem cells only. Leucocytes 
and platelets are unaffected. This condition may be 
caused by FeLV, by direct suppression of BFU-Estem 
cells or may be immune-mediated in dogs, in which 
antibody may be specifically directed at epitopes on 
the immature erythroid cells. In the last case, some 
spherocytes may be seen in peripheral blood, and the 
Coombs' test may give a positive result. 

Reductions in the concentrations of erythropoietin 
or cytolunes affecting erytluopoiesis have a role in 
the production of non-regenerative anaemias associ- 
ated with cluonic renal failure or endocrine dysfunc- 
tion (e.g. hypothyroidism, hyperoestrogenism, 
hypoadrenocorticis~n or pituitary hypofunction). The 
dog is particularly prone to suppression of haemato- 
poiesis by oestrogen, from either l~yperoestrogenism 
in sertoli cell tumours or after excessive stilboestrol 
administration. The suppression is mediated by an 
inhibitorproduced by thethymusinresponsetooestro- 
gen and which suppresses haematopoiesis at the stem 
cell level (Broclcus, 1998). 

Theanaemiaof chronic renal failure isusually mild 
to moderate and non-regenerative. It is primarily dueto 
the inabiljly of erythropoietin to be produced from the 
kidneys. Other factors that contribute to theanaemia of 
chronic renal failure include: 

- Reduced half-life of red cells due to uraemic 
toxins 
Haemorrhagic loss from gastrointestinal ulcers - Increased bleeding tendency due to reduced 
platelet function 
Suppression of erythropoiesis by high 
concentrations of parathyroid hormone 
Reduced nutrient intake due to inappetance - Injury of red cells due to glomerular pathology 
and renal fibrosis. 

Echinocytes and some schistocytes or keratocytes 
can be seen in the anaemia of renal failure. 

The anaemia of inflammatory disease - the com- 
monest form of anaemia in domestic animals - is 
associated with both acute and chronic inflammation. 
The pathogenesis involves a complex of changes trig- 
gered by the cytokines tulnour necrosis factor (TNF) 
and interleukin-1 (IL-1) released from activated 
macrophages. These proinflammatory cytokines sup- 
press erythropoiesis by downregulating the surface 
erythropoietin receptors of committed erythroid stem 
cells. At the same time, other cytokines stimulate 
granulocyte production to produce leucocytes required 

to combat the infection. Under the influence of IL-1, 
storage iron is convened from ferritin to the less 
available form of haemosiderin; iron is tightly bound 
to haptoglobin and lactoferrin in leucocytes at the site 
of infection, becoming unavailable for both red cell 
production and bacterial use. The concentration of 
circulating serum iron is consequently reduced but so 
is its transport protzin, transferrin. In addition, red cells 
from affected patients bind increased surface immu- 
noglobulin and consequently have a shortened life 
span, being phagocytosed more readily than normal. 

Other conditions causing non-regenerative anae- 
mia include dietary protein deficiency or suppression 
of erythropoiesis by TNF in some parasitic infections. 
An example of the latter occurs'in trypanosomiasis 
(Tlypnnosomncongole~~sc) whereexpressionof eryth- 
ropoietin receptors is reduced (Suliman et nl., 1999). 

Chronic liver disease may also be associated with 
anaemia for a variety of reasons but usually there is a 
degree of red cell regeneration, possibly associated 
with some haemorrhagic loss and red cell injury. 
In about 60% of dogs with portosystemic shunts, 
microcytosis may be evident. Disturbances to iron 
metabolism, copper storage/toxicity and chronic in- 
flammationare Likely to contribute to the pathogenesis 
of the anaemia in chronic liver disorders. Poikilocy- 
tosis (abnormal erythrocyte shape) is expected in 
hepatic disease, with acanthocytosis and ovalocytes 
(elliptical erythrocytes) seen in many cats with 
hepatic lipidosis. 

Defects in nucleotide synthesis 
In conditions of this category, stem cells and cytokines 
are adequate, but the microenvironment is deficient, 
lacking a supply of nutrients essential for nucleotide 
synthesis. Erythropoietin concentrations are increased 
and cell production proceeds abnormally. Defects in 
DNA or RNA synthesis cause delays in nuclear syn- 
thesis, resulting in asyncluony in cell development. 
Consequently, nuclear development lags behind cyto- 
plasmic development and the cells produced may be 
large or megaloblastic. Many cells are recognized as 
abnormal and are destroyed in the bone marrow. This 
results in ineffective erythropoiesis. The problem ex- 
tends to all cells attempting to undergo mitosis. 

Examples of this form of anaemia occur with defi- 
ciencies of folic acid, vitaminB12, cobalt and intrinsic 
factor. These conditions arerare in animals but may be 
induced by administration of folate antagonists such as 
methotrexate or may occur in patients with malignan- 
cies, in which the stores of these nutrients may be 
exhausted. Administration of sulpha drugs and 
potentiated sulpha drugs can inhibit folate metabolism 
and thymidine synthesis. Long-term administration of 
antiepileptic drugs (mysoline, phenobarbitone and 
dilantin) can also deplete serum folate concentrations. 
Macrocytosis may be found in humans with these 
conditions but has rarely been described in animals. 
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Defects in haemoglobin synthesis 
In a similar way, defects in tlie production of compo- 
nents essential for haemoglobin manufacture can 
lead to ineffective erythropoiesis. In this case, cyto- 
plasmic development lags behind nuclear develop- 
ment. These conditions may be considered as defects 
of either haem or globin synthesis. Exalnples of 
defects of globinsynthesisare thegeneticabnor~nali- 
ties affecting the production of tlie a or P amino acid 
chains of haemoglobin, thalassemia and sickle cell 
anaemia in humans; none of which have been 
recorded to date in animals. There are many variants 
of thalassemia in humans, which may result in red 
cells being more fragile than normal, having a short- 
ened lifespan, being abnormal in shape and showing 
microcytosis andliypochromasia. Similarly, redcells 
of patients with sickle cell anaemia have abnormal 
crescent shapes and a shortened life span. 

Iron deficiency anaemia is a classic example of 
a defect in haem synthesis. In this condition erythro- 
poietin collcelitrations are high and stem cells are 
adequate, but the lack of available iron leads to 
delayed and defective cytoplasmic maturation of 
red cells. The developing cells may undergo an 
additional mitosis at the basophilic rubricyte stage 
while awaiting the haemoglobinizatioli process, 
consequently becoming smaller (microcytic) and 
hypochromic. The resulting cells are more fragile 
than normal, some show tear-drop shapes 
(dacryocytes) and many are destroyed prematurely. 

About 50% of patients with iron deficiency anae- 
mia may have concurrent thrombocytosis, with large 
numbers of s~nall platelets and consequently a ten- 
dency to form microthrombi. Thrombocytosis may 
occur in patients that have concurrent chronic external 
blood loss, which has led to the development of the 
iron-deficient state. Reduced intake of iron may be 
seen in young animals around the time of weaning, in 
older animals with defective function of the 
gastrointestinal tract or in animals with neoplasms of 
the gastrointestinal tract, affecting absorption of iron 
and other nutrients. 

Deficiencies of copper and vitamin B6 may show 
similar haematological signs to iron deficiency in 
humans, with lnicrocytosis and hypochromasia, but 
rarely causeanae~niainanimals. Copper in theenzyme 
ferroxidase (ceruloplasmin) is essential for the utiliza- 
tion of iron, converting ferrous to ferric iron, in which 
form it is transported by transfenin to the bone mar- 
row. Within the marrow it is converted back to tlie 
ferrous form to be incorporated in red cell production 
at tlie haem synthetase step. 

Other conditions leading to defects in baem synthe- 
sis in small animals are lead poisoning anderythropoi- 
etic porphyria. Lead blocks sulphydryl groups within 
enzymes ilivolved in haem synthesis. Characteristi- 
cally, large numbers of metarubricytes are found in tlie 
peripheral blood of animals with acute lead poisoning, 

but there is no co~icurrent anaemia or polychromasia. 
Basophilic stippling may be seen in about 30% of 
affected dogs but is not a specific finding. 

Hereditary porphyria has been reported in anaemic 
Siamese cats as a dominant trait and in some non- 
anaemic domestic shorthaired cats. Affected animals 
will have ineffective erythropoiesis in which large 
quantities of isomer I of protoporphyritl are produced 
instead of isomer 111. Isomer I is unable to combine 
normally with iron to form haem. There may be some 
haemolysis of red cells with 'port wine'-coloured 
urine, photosensitization, and fluorescence of teeth 
andurilieinultraviolet lightdue tooxidizedporpliyrins 
in these tissues. It is interesting to note that hereditary 
porphyria in humans is thoughttol~avegive~~rise to the 
legends of werewolves. 

Rlyelodysplastic syndromes 
These conditio~~s are characterized by dysplasia (ab- 
nol~nal development) in one or more liaematopoietic 
cell lines in a hypercellular bone marrow, with concur- 
rent cytopenias in peripheral blood. By definition, 
there will be fewer than 30% blastic cells in tlie bone 
marrow in this condition. Myelodysplasia is often 
associated with a poorly regenerative refractory anae- 
mia, and the cells produced may be dysfunctional. 

In dogs, the conditions may be primary, resulting 
from a genetic transformation in a multipotential stem 
cell, or secondary and associated with administration 
of a drug. The secondary conditionsusually resolveon 
withdrawal of the offending drug. The primary condi- 
tions are considered unlikely to respond satisfactorily 
to haelnatopoietic cytokines acting as maturation fac- 
tors, althoughoneexceptionhas beendescribed (Boone 
at al., 1996). Some cases may transform into overt 
leukaemia at a later date (McManus and Hess, 1998) 
but many do not. 

These conditions need to be distinguished from 
ineffective erythropoiesis due to nutrient deficiencies 
(vitamin B12, folic acid, iron), lead toxicity or drug 
reaction by bone marrow examination, bioche~nical 
assays and clinical history. 

Myelodysplasia is rare in dogs and therefore is 
incompletely categorized. It is clear that the condition 
does not fit well into the French-American-British 
classification of myelodysplasia for humans. One of 
the recently proposed systems of classification for 
myelodysplasia in dogs (Weiss and Lulich, 1999) is 
summarized as: 

Dyserythropoiesis 
Sideroblastic dyserythropoiesis 
Dyserythropoiesis with an excess of blasts 
Myelodysplasia 
Sideroblastic myelodysplasia. 

It is possible that some of these categories may 
represent progressive developmental stages of the 
disorder. 
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In cats, myelodysplasia is often associated with 
FeLV infectionandmay manifest withamacrocytosis. 
Bone marrow examination is essential to characterize 
the pathology. A refractory anaemia with an excess of 
rnyeloblasts but no marrow granulocyte reserve has 
been described in young cats with FeLV infection. 
Secondary infections may occur. 

Myelofibrosis and ntyeloid nzetaplasia: In this 
dysplastic condition there is hyperplasia of the 
myeloid andmegakaryocytic series, withasynchrony 
in the early developmental cells but maturation 
through to the end-stage cells. The erythroid cells 
are reduced and many dacryocytes appear in the 
peripheral blood. Ineffective granulopoiesis occurs 
leading to leucopenia. In due course, fibrosis of the 
marrow develops and is closely associated with 
megakaryocyte hyperplasia. Mast cells are usually 
plentiful in the marrow in this condition. Core biop- 
sies of marrow may be more revealing than marrow 
aspirates once myelofibrosis develops. 

Anaemias of increased red cell destruction 
Haemolysis may be considered the result of an intrin- 
sic or extrinsic defect of the red cell, which causes the 
cells to be destroyed at a higher rate than normal. 
Consequently these cells have a short half-life and may 
show some morphological change. Specific changes in 
red cell shape may provide clues to the cause of the 
haemolysis. Examples include immune-mediated 
haemolytic anaemia (IMHA; spherocytes), signs of 
intravascular injury (schistocytes, keratocytes), bio- 
chemical change (Heinzbodies; poikilocytes) or cellu- 
lar parasites (e.g. Haentobartonella, Babesia). The 
mechanism of destruction of the red cells may be by 
direct lysis within the blood stream (intravascular 
haemolysis) or by erythrophagia by macropl~ages in 
the spleen, liver, marrow or lymph nodes (extravascu- 
lar haemolysis), or both. 

Clinically, intravascular haemolysis may have a 
more deleterious effect on the patient than extravascu- 
lar haemolysis, as, in addition to the effects of low 
tissue oxygenation, there are also fragments of free red 
cell membrane in circulation, which may trigger dis- 
seminated intravascular coagulation (DIC). The pres- 
ence of free haemoglobin released from red cells is 
injurious to tissues andsomemay appearinurine when 
concentrations exceed renal thresholds. In addition, 
the rate of destruction of cells may also exceed the 
capacity of the liver to process bilirubin, and combined 
with poor oxygenation, reduced liver function contri- 
butes to the appearance of clinical jaundice in many 
patients with intravascular haemolysis. 

Extravascular haelnolysis may proceed within 
macrophages in the spleen, liver or marrow aud conse- 
quently splenic enlargement due to haemosiderosis 
may be detected on abdominal palpation. Although 
affected patients show all the signs of anaemia, there 

are no signs of l~aemoglobinaemia, haemoglobinuria 
or tissue injury usually associated with the other form 
of haemolysis. In addition, jaundice is rare in extravas- 
cular haemolysis. 

The anaemia in haemolytic conditions will usually 
be very regenerative, with large numbers of polychro- 
matic cells. Maximum marrow response may be an 
eight- to tenfold increase in red cell production, as 
detected by the absolute reticulocyte count. In the long 
tern, however, continued haemolysis and marrow 
stimulation, particularly with hereditary haemolytic 
disorders, can eventually lead to myelofibrosis and in 
some cases osteosclerosis. 

Haernolysis due to genetic defects of red cells 

Meclza7zisszs: In these rare conditions, red cells may 
have an abnormal shape or membrane (elliptocytes, 
stomatocytes) or a biochemical defect (e.g. deficiency 
in pyruvate kinase, phosphofrnctokinase, methaemo- 
globin reductase, calcium pump ATPase), which acts 
to shorten their lifespan. Other inherited haemolytic 
conditions may be associated with copper storage 
defects, malabsorption of vitamin B12 and hepatic 
disorders. 

Breeds affected: Hereditary stomatocytosis has been 
described in some dwarf Alaskan Malamutes, and 
hereditary elliptocytosis has been reported in a cross- 
bredlineofdogsanda SilbTerrier (Mills andMarsden, 
1999). Both conditions were associated with either 
minimal anaemia or compensated anaemia and were 
discovered incidentally. 

Pyruvate kinase deficiency of red cells has been 
described in Basenjis, Beagles, West Highland White 
Terriers, a Cairn Terrier and an Abyssinian cat. Af- 
fected cells are unable to maintain normal shape, lose 
potassium and have reduced oxygen affinity. They 
become sphero-echinocytic and have a lifespan re- 
duced to about 20 days. Pyruvate kinase concentra- 
tions in red cells of affected dogs are reduced to about 
half that of normal dogs. 

A non-spherocytic haemolytic anaemia of Beagles 
is due to a defect in the ATPase calcium pump system. 
The defect affects older red cells more than young 
cells. Other non-spherocytic anaemias have been re- 
corded in Miniature Poodles and Beagles. In those 
cases, chronic haemolysis led to myelofibrosis and 
osteosclerosis. 

A compensated intravascular l~aemolysis and bili- 
rnbinuria have been described in two male English 
Springer Spaniels with phosphofructokinase (PFK) 
deficiency of red cells. The affected cells showed 
increased fragility in alkaline conditions. PFK is arate- 
limitingenzymeinglyco1ysis.Aseparatepolysystemic 
disorder involving dyserythropoiesis, polymyopathy, 
megaoesophagus and cardiomegaly has been described 
in English Spaniels. The exact mechanism causing 

www.vet4arab.co.cc



Anaemia 37 

these defects has not been defined. 
Methaemoglobin reductase deficiency has been 

described in a cat and two dogs (Miniature Poodle 
and Toy Alaskan Eskimo bitch). The affected 
animals showed persistent cyanosis of mucous 
membranes and occasiol~alseizures. Methaemoglobin 
concentrations were increased to 19-25% of total 
haemoglobin concentration. In contrast to the 
condition in humans, these dogs did not respond 
to oral riboflavin therapy. 

Macrocytosis may be seen in some toy and mini- 
ature Poodles, with MCVs of 85-95 fl (normal range 
60-77 fl). Although marrow examination will reveal 
abnormal nucleated erythrocytes and incomplete mi- 
tosis with some dyserythropoiesis, no therapy is indi- 
cated. Similarly, Japanese Alcita and Shiba Inu dogs 
will have smaller red cells than other breeds with 
MCVs as low as 55-64 fl. Their red cells contain a 
higher level of intracellular potassium than those of 
other dogs, thereby causingspurious hyperkalaemia in 
haemolysed blood samples. 

A congenital selective malabsorption of vitamin 
B12 in Giant Schnauzers bas been reported to cause a 
non-regenerativeanaemia withpoikilocytosis andneu- 
tropenia with hypersegmentation. The condition was 
inherited as an autosomal recessive trait. Affected 
dogs showed a dramatic response to injections of 
vitaminB12. AsimilarconditioninBorder Collies was 
characterized by haematological abnormalities with 
other metabolic disturbances and ketonuria. 

Haemolysis due to acquired defects of red cells 
Acquired defects of red cells are the most common 
cause of haemolysis. The ultimate mechanism of lysis 
is usually either direct membrane injury or osmotic 
lysis. Morphological changes to red cells are usually 
seen in haemolytic anaemia. Causes include: 

. Biochemical changes (Heinz bodies, 
hypophosphataemia) - Exposure to chemical haemolysi~~s (heavy metals 
such as lead, zinc, silver; arsenicals; excessive 
copper and cyclic hydrocarbons) . Bacterial, animal or plant haemolysins (such as 
lysins from Leptospira icterohaeiiiorrlzagica, 
Clostridiirriz haeiizolyticuni; some spider and 
snake venoms, particularly black snake; and the 
ricin from castor oil beans, which causes direct 
lysis) - Coating of red cells by antibody and or 
complement (this will shorten their lifespan and 
lead to IMHA, with the appearance of marked 
spherocytosis and anisocytosis) . Mechanical injury of red cells (cell injury that 
occurs while in circulation may result in 
intravascular haemolysis: examples are 
conditions associated with vascular and valvular 
lesions or some malignancies) 

Parasites: infection with intracellular or 
extracellular parasites such as Babesin carzis or 
Hner~iobartonella felis or H. carzis will cause 
haemolytic anaemia, which may he compounded 
by immune-mediated haemolysis. 

Bioche~~cical chaizges: Prolonged exposure to oxidant 
drugs or chemicals may lead to exhaustion of reduced 
glutathione and the rate-limiting enzyme, glutathione 
6-phosphate dehydrogenase, within red cells, causing 
denaturation of haemoglobin. As a result, Heinz bod- 
ies form in the older red cells first, making them more 
rigid than normal, and these cells are either phagocy- 
tosed as they pass through the splenic sinuses or lysed 
directly within the circulation. Heinz bodies are 0.5- 1 
pm in diameter and their presence may be shown by a 
supravital stain such as new methylene blue. The 
methaemoglobin reductase (diaphorase) systemis also 
vulnerable to oxidant injury, resulting in the formation 
of methaemoglobin. In this state, iron within red cells 
is oxidized to the ferric form, which cannot transport 
oxygen. As a result, affected animals may not only 
have severe anaemia but also hypoxaemia. Ingestion 
of onions and garlic are commoncauses of Heinz body 
formation in dogs. The toxic agent in the onions and 
garlic is n-propyl disulphide. High doses of vitamins 
K1 andK3 have also resulted inHeinz body formation. 

Cats are more prone to Heinz body formation 
because their haemoglobin molecules contain eight to 
tensulphydryl groups compared withonly two orthree 
groups in other species. However, the spleen in cats is 
non-sinusoidal, allowing longer survival of red cells 
containing Heinz bodies. Cats with diabetes mellitus, 
lymphoma and hyperthyroidism have a higher inci- 
dence of Heinz bodies than normal cats and this is 
exacerbated in cats fed a semisolid diet of timedfood 
containing the preservative, propylene glycol. 

Cats are particularly prone to haemolysis associ- 
ated with severe hypophosphataemia (Adams et al., 
1993). For this reason, phosphate supplementation is 
recommended for cats with serum phosphate concen- 
trations less than 0.48 mmol/l. 

Ii~c~tzcine-~~tediated haencolysis: Anaemias in this cat- 
egory are mediated by antibody and/or complement on 
the surface of red cells. Erythrolysis may occur either 
within the blood stream or extravascularly. Intravascular 
lysis is more likely to be associated with IgM antibody 
or with high concentrations of IgG antibody, and more 
severe clinical signs. The distinguishing features of 
immune-mediated haemolysis include a biphasic popu- 
lation of red cells (many small spherocytes and large 
polychromatic cells), a positive result with a direct 
Coombs' test and, in some cases, gross agglutination. 
Spherocytesformasaresult ofloss by phagocytosisofred 
cell membrane and attached immnne complexes. The 
injured cell is able to reseal its membrane without loss of 
internal contents but loses surface area in the process. 
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In some cases, the antibody is directed against 
immature developing red cells within bone marrow, 
rather than against mature erythrocytes. Patients with 
this phenomenon will have little polychromasia, but 
some spherocytes should be observed within the peri- 
pheral blood. This condition is equivalent to pure red 
cell aplasia. 

Some animals with IMHA may also have antibody 
specific for platelet epitopes, and in these cases de- 
struction of red cells and platelets (itnmune-mediated 
thrombocytopenia) results in both haemolytic and 
haemorrhagic anaemia. 

Anti-red cell antibody may beactively produced by 
the patient or acquired passively by transfusion or 
colostral ingestion. The appearance of antibody may 
be genetically modulated and occur spontaneously or 
may follow celliujury or adsorptionof foreign proteins 
or haptens on the red cell surface. Examples of the 
latter are virus particles, drugs (e.g. antibiotics, tran- 
quillizers), chemicals or red cell parasites. In condi- 
tions in which a specific causative agent or underlying 
disease process cannot be identified, the term 
autoimmune hae~nolytic anaemia may be applied. 
Conditions in which a causative agent or underlying 
disease can be identified are termed immune-mediated 
haemolytic anaemia. 

The immune-mediated hae~nolytic co~~dition in the 
dog may be classified into oneof five categories on the 
basis of the type of antibody present. Class I and11 are 
associated with gross agglutination and intravascular 
haemolysis, respectively, and require aggressive 
therapy. Class 111 is the most common, does not spon- 
taneously agglutinate and requires a Coombs' test for 
verification of the diagnosis. Class IV and V involve 
cold-reacting antibodies, causing agglutination and 
lysis, respectively, at 4'C. 

Mechanicali~zjuiy: Mechanical injury of red cells was 
recognized in humans receiving the early heart valve 
transplants that consisted of a mechanical ball valve 
prosthesis. Cells were damaged as they collided at high 
velocity with the obstacle in their path. Injured cells 
were recognized on the blood film as fragmented 
schistocytes and keratocytes. Similar cells may be 
found in animals with DIC, severe heart worm infec- 
tion, vasculitis, splenic haemangiosarcoma, patent 
ductus arteriosus, myelofibrosis, malignancies, the 
haemolytic-uraemic syndrome and, to some extent, 
glomerulonephritis. Many of these conditions are as- 
sociated wit11 microangiopathy. 

Hae~nolysis of normal red cells 
Any condition that results in hypersplenism may be 
associated with increased phagocytosis of red cells by 
splenic macrophages. The microenvironment within 
an enlarged spleen will expose cells to high pH and low 
glucose concentrations, resulting in premature ageing 
of the cells. Patients with this condition will have a 

rcge~~crati\,c ~ I I ~ I C I I I ~ ~ I  \\,it11 il~crcascd ~~~cti~rubricytcs, 
Hu\vell-Jolly bodies, poihilocytcs and usuillly ;I iniltl 
thrombocytopenia. 

Anaemias of increased red cell loss 
Haemorrhage is a passive loss of whole blood and 
may involve internal or external blood loss, or both. 
Both forms can be severe and life threatening 
dependiug on the extent of the blood loss. Loss of 
30-40% oftotal blood volu~ne leads to hypovolaen~ic 
shock, and death is likely after loss of more than 
40% of total blood volume. Total blood volume in 
dogs is about 84 ml/kg (range 78-88 ml/kg) and in 
cats 64 ml/kg (range 62-66 ml/kg). 

Inintemal haemorrl~age,mostredcellsarereabsorhed 
via the lymphatics within a few days and re-enter the 
circulation in a slightly damaged fonn. Other cells are 
phagocytosed and their iron recycled via haemosiderin 
deposition in the macrophages. External haemorrhage 
involves loss of both iron and plasma protein from the 
body, thereby depleting body stores of iron and ditnin- 
ishing the potential for the erytluon to regenerate suc- 
cessfully in the long term. The availability of iron is a 
rate-limiting step in red cell production. Consequently, 
in managing animals wit11 external haemorrhage, the 
administration of iron should be considered. 

Compared with haemolysis, patients with haemor- 
rhage show uoticeable changes in haemodynamics. 
After a peracute haemorrhagic episode there may be 
hypotension with a normal PCV. Anaemia and hypo- 
proteinaemia may not develop until 4-24 hours after 
the haemorrhagic episode, following hae~nodilution 
from fluid shifts. Interstitial fluid shifts occur within a 
few hours, causing mild reductions in erythron values 
after 4 hours. Significant reductions in plasma protein, 
PCV and haemoglobin concentration occur after 
12-24 hours, when plasma volume has expanded to 
approximately normal levels. 

Hae~norrhagic anaemia is classically regenerative, 
but this response is seen only after 3-4 days. In the 
interim period, the anaemia may be considered 
preregenerative. The degree of response depends on 
the availability of iron. Iron is less readily available in 
the ferric form inhaemorrhagic anaemia than in haemo- 
lytic anaemia. This accounts for the lower average 
increase in red cell production of two- to fourfold 
normalseen in haemorrhagic anaemias, as assessed by 
absolute reticulocyte counts. Exceptions to these gen- 
eral guidelines will occur. Peak reticulocyte counts 
may be seen a week after the haemorrhagic episode. 

Plasma protein concentration will be reduced in 
haemorrhagic patients, particularly those wit11 external 
haemorrhage. A decrease in plasma protein conceutra- 
tion may occur as early as 4 hours after haemorrhage. 
A persistently low plasma protein concentration should 
lead to a suspicion of ongoing external haemorrhage. 
After a single episode of severe haemorrhage, plasma 
protein should return to normal levels by 5-7 days. 
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Platelets in patients with haemorrhage initially de- 
crease in number and then may increase. A tluombocy- 
tosis is usually expected in haemorrhagic anaemia of 
several days' duration. Thrombocytosisis initially caused 
by movetnentofplateletsfromthespleendueto adrenalin 
response, but generalmarrow stimulation or stimulation 
of the erythroid and megakaryocytic cell lines may 
occur. Leucocyte numbers are not decreased in haemor- 
rhage and in fact are likely to be increased in acute 
haemorrhage due to adrenalin effects. Mildneutrophilia 
may occur in the dog concurrently with a marked 
regenerative erythron response. This may be due to 
marrow stimulatiol~ by haematopoietic cytokines. 

Some very regenerative anaemias may be macro- 
cytic and hypochromic in the early stages. With con- 
tinuing extemalhaemorrhage, the anaemiaisclassically 
normocytic and normochromic and protein concentra- 
tion remains low; and if iron deficiency develops due 
to continued external haemorrhagic loss, the anaemia 
may become microcytic and hypochromic. 

Causes of haemorrhagic anaemia include: 

Trauma . Parasitism: intemal/external, e.g. fleas, ticks, 
lice, Ancylostonla, U~zcirzaria (dogs) . Coagulation factor defect: haematomas, 
haemarthroses and haemorrhage into body 
cavities (diagnosis may be aided by fine-needle 
aspiration of the masses, paracentesis and 
measuring coagulation profiles) . Platelet defects: petechial and ecchymotic 
haemorrhages, often flecks of blood in faeces, 
epistaxis and hyphaema - Ruptured neoplasm, aneurysm, e.g. 
haemangiosarcoma. 

WHEN TO COLLECT BONE MARROW 
SAMPLES AND DO FURTHER TESTS 

Bone marrow aspirates or core biopsies are advocated 
in the following situations: 

- Cases of pancytopenia 
Non-regenerative or poorly regenerative 
anaemias . Neutropenias or thrombocytopenias where the 
cause is not obvious - Cases of suspected haematopoietic neoplasia, 
myelodysplasia or marrow dysfunction as 
indicated by ineffective cytopoiesis or 
erythropoiesis - Cases in which the degree of regenerativeresponse 
is insufficient for the degree of anaemia. 

Marrow biopsy can also be used to assess the 
amount of storage iron and to evaluate the regenerative 
erythroid response. 

In short, marrow biopsies are recommended if any 
defect of production of cells is suspected, with either 
excessiveor insufficientnumbersof maturecells. Core 
biopsies are particularly recommended in patients sus- 
pected of having ~nyelofibrosis, as aspiration biopsies 
may be unrewarding. 

HAEMATOPOIETIC NEOPLASIA 

Neoplasia of the haematopoietic system involves hae- 
matopoietic cell lines in bone marrow that have under- 
gone a genetic neoplastic transformation and are 
proliferating autonomously. The end result is leukae- 
kia. The cells produced may accumulate in bone 
marrow before appearing in the circulation. There is 
evidence to suggest that some leukaemic cells have a 
longer life span in circulation than normal and may 
have functional defects such as altered adhesive prop- 
erties, reduced phagocytic and bactericidal capabili- 
ties and altered chemotaxis (in the case of neoplastic 
neutrophils). Neoplastic platelets may have reduced 
adhesive and functional properties, paradoxically re- 
sulting in bleeding. 

Clinical signs of haematopoietic neoplasia may 
includegeneralized bone pain, lethargy, anorexia, vom- 
iting, diarrhoea, weight loss, fever and bleeding. On 
clinical examination, affected animals may have pale 
mucousmembranes,splenomegaly andhepatomegaly. 
These last two changes are likely to be due to meta- 
static spread to spleen and liver and may provide 
diagnostic clues to the condition, which otherwise has 
poorly specific signs. Other metastatic sites occasion- 
ally affected are lymph nodes, lungs and meninges. 
Neurological signsmay occur in cases of metastases to 
the central nervous system or with hyperviscosity 
syndrome, as seen in some cases of multiple myeloma. 

From a haematological perspective, neoplasms of 
the haematopoietic system may be suspected when 
either blastic haematopoietic cells appear in circula- 
tion or an unexplained pancytopenia or bicytopenia or 
a marked leucocytosis is present in peripheral blood. 
The presence of haematopoietic neoplasia will cause 
variable degrees of myelophthisis, and consequently 
the peripheral blood will show some degree of cyto- 
penia and mild to moderate poorly regenerative anae- 
mia. Myelophthisis may beduetothe physical presence 
of the neoplasm as well as the effects of marrow 
suppressivefactors associated with the tumour. Throm- 
bocytopenia may also occur due to reduced platelet 
production and some splenic sequestration, resulting 
in haemorrhage. 

Figures 3.6 and 3.7 show a system of classification 
of haematopoietic neoplasms. In general terms, 
haematopoietic neoplasms may be myeloproliferative 
(covering erythroid, granulocytic, monocytic, meg- 
akaryocytic cells) or lymphoproliferative (lymphoid 
leukaemia). Someviscerallymphomasmay metastasize 
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to bone marrow and blood at a late stage of disease immunosecretory and produce a paraprotein 
(leukaemic lymphoma). Some lymphoid tumours (monoclonalgammopathy).Notethatneoplasticplasma 
(multiple myeloma, B-cell lymphoma) may be cells rarely circulate in multiple myeloma. 

- 
tive f n~hoid  + cvtochemical 

A , 
I markers or antibodies 

M1 I Myeloblastic leukaemia without maturation: type I myeloblasts are >90% of all nucleated cells in . . 
bone marrow 

MZ Myeloblastic leuhaemia with maturation: myeloblasts are 30% to >90% of all nucleated cells 
M3 Promyelocytic leukaemia: abnormal promyelocytes are >30% of nucleated cells in bone marrow 
M4 Myelomonocytic leukemia: myeloblasts and monoblasts are >30% of all nucleated cells in bone 

marrow 
M5 Monocytic leukemia: monocytic cells are >80% in bone marrow. Two forms exist: M5a >80% 

monoblasts and M5b <80% monoblasts with a predominance of differentiated monocytic cells 
M6 Erythroleukaemia: marrow erythroid cells are >50% of nucleated cells in bone marrow, 

myeloblasts and monoblasts are <30% in blood but >30% in bone marrow. A variant. M6Er. is . , 

defmed by a predominance of mbriblasts (>30%) in the erythroid component 
M7 Megakaqoblastic leukaernia: megakaqoblasts are >30% of all nucleated cells in bone marrow. 

Myelofibrosis may be present in marrow core biopsies. Abnormal megakaryoblasts may be found 
I inblood 

Figure 3.6: Classification of acute myeloid leukaemias. Based on the French-American-British (FAB) Scheme andNatiom1 
Cancer Institute Criteria of classification. Jain et al. (1991). 

---. - Y W  

-. -- !Flrna~mw~b'~@Etnwm . -. . . .. .. . .- . . . - .- . , - , 

%IDS: I Blast cells are <30% of all nucleated cells, with ~ 5 0 %  erythroid cells. Marrow 

Other leukaemias: 

I may be normocellular to hypercelldar, with dyshaematopoiesis. Blood shows 
refractory anaemia. often with increased mean corvuscular volume in cats. 

I and leuc6venia. A &ant, MDS-Er, is defined bv a   re dominance of ' 1  . A I erythroid cells in bone marrow 
I Blast cells are <3O% of all nucleated cells, and erythroid cells are 50% in 

marrow. Absence of dyshaematopoiesis and presence of noticeable 
leucocytosis in blood. Several variants exist: I - Chronic myelogenous leukaemia (CML): ueutrophils with a disorderly I left sbift I - Chronic monocytic leukaemia (CMoL): absolute mouocytosis 

Chronic myelomonocytic leukaemia (CMMoL): absolute monocytosis 
and neulrophilia, with disordcrly left shift (may havc dysplastic 
granulocytes and megakaryocytes and may have <20% blast cells) 

Primary thrombocythaemia (also called essential thrombocvthaemia). Maturc 
are notiieably increased; marrow dysplasia 

Polycytbaemia vera (also called primary polycythaemia). Mature red blood 
cells are noticeably increased, with increase in white blood cell and platelets 
numbers. 

Eosinophilic leukaemia 
Basophilic leukaemia 
~ a s c c e l l  leukemia 
Acute lymphoblastic leukaemia (ALL): predominantly lymphoblasts 
Chronic lymphocytic leukaemia (CLL): predominantly lymphocytes 
Granular lvm~bocvtic leukaemia: neovlasm of granular natural killer cells or 
cytotoxii T cel1s:which contain me&chroma& cvto~lasmic m u l e s .  ~ h & e  

Lymphoid leukaemias: t- 
patients usually have an abdominal or thoracic &siontainiig neoplastic 
large granular lymphoid cells (LGLs) which may bc of splenic origin 

Multiple mycloma: plasma cell hlmour usually located throughout the bone 
marrow, secreting an immunoglobulin (Ig) or component of Ig, causing a 
monoclonal gammapathy (the neoplastic plasma cells rarely circulate in this 
condition) 

Figure 3.7: Classfirahon of myelodysplashc syndrome (MDS) and other leukaemras. 
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Identificatiou of the neoplastic cell line involved is 
based on a variety of cellular attributes such as mor- 
phology, surface antigenic markers, biochemical con- 
tent, histochemicalstain reactions, electron microscopic 
morphology, isoenzymes and chromosomal changes. 
The last two features are rarely used in veterinary 
medicine at this time. Morphological identification 
aloneis frequently insufficient for aspecific diagnosis, 
as neoplastic cells may be poorly differentiated. 

Haematopoietic neoplastns are classified as either 
acute or chronic on the basis of the maturity of the cells 
involved. Acute leukaemias are defined as having inore 
than 30% blastic cells in bone marrow, and the cells 
show maturation arrest. Acute leukaemia generally 1x1s 
a rapid clinical course of 1-2 months and carries a poor 
prognosis. Chronic leukaemias have less than 30% 

ratios for ALL and CLL are 3:2 and 2: 1, respectively. 
Lymphoproliferative disease is ten times more com- 
mon than myeloproliferative disease in the dog. In a 
survey of 30 dogs wit11 ALL, 27% were of the German 
Shepherd breed. 

Ionizing radiation is known to lead to ALL and 
chronic myeloge~lous leukemia but not to CLL. There 
is a suggested association betweell genetic factors, 
autoimmune disorders and CLL. 

CAUSES OF ANAEMIA IN 
PERSPECTIVE 

The commonest cause of anaemia in all domestic 
animal species is the anaemia of inflammatory disease. 
This usually causes only a mild to moderate anaemia 

blastic cells in bone marrow and involve well differen- and is normocytic, norlnochrotnic and non-regenera- 
tiated cells with no maturation arrest. Chronic leuk- tive.Publisheds~tweyshaveshownthatdogsarelikely 
aemia generally has a slower clinical course of 
1-3 years. For example, the life expectancy of patients 
with acute ly~nphoblastic leukaemia is about 65 days 
compared with 450 days for patients with clxonic lym- 
phocytic leukaemia.Ananitnalwithchronicleukaemia, 
particularly chronic myelogenous Ienkae~nia, may de- 
velop a 'blastic crisis,' which then may be rapidly fatal. 

The stem cell giving rise to the neoplastic clone in 
acute and chronic leukaemia is different. In humans, 
chronic myelogenous leukemia has been shown to 
originatefrom thepluripotentialstelncell,alldpatients 
with this condition have similar chromosomal (Phila- 
delphiachromosome) andbiochemical (G6PD) changes 
in the neoplastic cell populations. In contrast, acute 
myelogenous leukaemia was found to oriainate from . - - 
the committed granulocytic stem cell. 

One American study has shown the incidence rates 
for all leukae~nias per 100 000 cats or dogs to be 224 
and 30, respectively. Cats had 6.1 times more lympho- 
mas, including leukaemias, and 15.7 times more 
myeloproliferative disorders than dogs. Neutered ani- 
mals, particularly neutered queens and castrated dogs, 
had the lowest risk of leukaemia. 

Leukaernias can occur in animals of any age, but 
acute granulocytic leukaemias are more common in 
young dogs (average age 3-5 years). Acute lymnpho- 
blastic leukemia (ALL) is seen in middle-aged dogs 
(average age 6.2 years) whereas chronic lymphocytic 
leukemia (CLL) is a disease of relatively older dogs 
(average age 9.4 years). Many CLLs in dogs are of T 
cell lineage (Verneau and Moore, 1999). 

The lymphoid leukaemias of dogs are more cotn- 
mon in males than fetnales; male to female incidence 

- 
to have non-regenerative and haemorrhagic anaemias 
in about equal proportions, whereas about 70% of 
reported anaemias in cats are non-regenerative. It is 
possible that this may be associated with factors unique 
to the cat such as the prevalence of viral infections, 
shorter life span of the red cells and reduced amounts 
of iron stored in the bone marrow. 
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CHAPTER FOUR 

Polycythaemia 

Elizabeth Klliers 

INTRODUCTION 
Polycythaemia is characterized by an increase in the 
packed cell volume, red blood cell count and haemo- 
globin concentration. It may be relative (owing to 
diminished plasma volume) or absolute. Absolute 
polycythaemia may result from increased concentra- 
tions of erythropoietin (secondary polycythaemia) or 
fromthemyeloproliferativedisease, polycythaemiavera 
(primary polycythaemia). The term polycythaemia 
implies an increased number of several haemopoietic 
cell lines, and humans with polycythaemia Vera have 
erythrocytosis accompanied by neutrophilia and 
thrombocytosis. However, dogs and cats with poly- 
cythaemia Vera usually havenormal neutroplulandplate- 
let counts and so the term primary erythro&kosis &ay be 
more appropriate. 

ERYTHROPOIESIS 
In the bone marrow thepluripotent stem cell givesrise 
to the committed erythrocyte progenitor cell known as 
a burst-forming unit, which divides and differentiates 
into colony-forming units. These in turn divide and 
differentiate into erythroblasts, which continue to 
divide into early, intermediate and then late 
normoblasts. Reticulocytes are formed when the 
nucleus is extruded from late normoblasts and the red 
cells reach full maturation in the blood stream. The key 
regulator of erytluopoiesis is erytluopoietin (EPO). 
This hormone is produced in the kidneys and acts by 
stimulating the colony-forming units and, to a lesser 
extent, the burst-forming units (Giger, 1992). EPO 
also hastens the release of reticulocytes into the blood 
stream. The synthesis of EPO is not regulated by the 
number of circulating red cells but by the degree of 
renal hypoxia. Hypoxia triggers an increased rate of 
production of EPO, whereas high tissue oxygenation 
results in a reduced rate. Other hormones such as 
corticosteroids and thyroxine (T4) stimulate the pro- 
duction of EPO but have no intrinsic EPO activity. 

RELATIVE POLYCYTHAEMIA 
Relative polycythaemia arises when the plasma 
volume is decreased, usually as a result of fluid loss. 

-- 

Thus the packed cell volume (PCV) is increased, but 
the total mass of circulating red blood cells (RBCs) is 
normal. Relative polycythaemia may arise in animals 
with acute diarrhoea, extensive bums, heat stroke or 
water deprivation, and clinicalsigns ofdehydration are 
usually obvious. The PCV is mildly increased and 
there is an accompanying increase in plasma proteins 
(unless plasma protein has been lost, as in burn inju- 
ries). Occasionally, relativepolycythaemiamay result 
from splenic contraction after stress (e.g. severe pain) 
or excitement. Splenic contraction leads to the release 
of large numbers of red cells into the circulation. 
Relative polycythaemia resolves after rehydration or 
removal of the cause of splenic contraction. 

SECONDARY POLYCYTHAEMIA 

Secondary polycythaemia results from increased EPO 
production. This may be a physiologically appropriate 
response to systemic hypoxia or may occur in the 
absence of systemic hypoxia, lcnown as physio- 
logically inappropriate polycythaemia. This condi- 
tion occurs most commonly in association with renal 
neoplasia. 1x1 animals with secondary polycythaemia, 
serum EPO concentrations are usually increased. 

Physiologically appropriate secondary 
polycythaemia 
Two of the most common causes of tissue hypoxia 
are chronic pulmonary disease (e.g. feline allergic 
bronchitis) and right-to-left shunting cardiovascular 
disease. Right-to-left shunting may occur in patent 
ductus arteriosus. Initially there is a left-to-right shunt 
leading to increased blood flow in the pulmonary 
artery. Pulmonary hypertension and compensatory 
right ventricular hypertrophy result in increased 
pulmonary artery pressure, and when this exceeds 
the aortic pressure the direction of blood flow in the 
patent ductus reverses. Thus deoxygenated blood is 
delivered into thedescending aorta resulting in hypoxia 
in thecaudal half ofthe body andasubsequent increase 
in EPO production. Right-to-left shunting may also 
occur in animals with a coexisting atrial septa1 defect 
and pulmonic stenosis; and in tetralogy of Fallot in 
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which there is a large ventricular septa1 defect and 
pulmonic stenosis. 

Pl~ysiologically appropriate polycythaemia may 
also occurinani~nalslivingathighaltitude.1n humans, 
polycythaemia ]nay be caused by massive obesity and 
llaemoglobinopatl~ies. Obesity has not been recog- 
nized as a cause of polycythaemia in dogs and cats. 
Haemoglobinopathies such as methaelnoglobin re- 
ductase deficiency may cause polycythaemia (Hasler 
and Giger, 1996), but these disorders are rare in dogs 
and cats. 

Physiologically inappropriate secondary 
polycythaemia 
The most common cause of physiologically inappro- 
priate secondary polycythaemia is renal neoplasia. 
Polycythaemia has been reported in association with 
renal adenocarcino~na (also known as renal cell carci- 
noma) (Scott andpatnaik, 1972; Peterson andzanjani, 
1981; Waters and Prueter, 1986; Crow et al., 1995). 
Polycythaemia has also been reported in association 
with renal lymphoma and renal fibrosarcoma (Nelson 
et nl., 1983; Gorse, 1988). 

The mechanism of inappropriate EPO production 
is not fully understood. It may be due to increased 
production/secretion of EPO or an EPO-like substance 
from the tumour, or it may result from local tissue 
hypoxia in the kidney, which is caused by a disruption 
of the renal microvasculatnre by the tumour. 

In humans, several extrarenal tumonrs have been 
associated with secondary polycythaemia, including 
hepatoma, uterine leiomyoma, ovarian carcinoma 
and phaeochromocytoma. Polycythaemia secondary 
to extrarenal neoplasia is uncommon in the dog 
and cat, but has been reported in a dog with a nasal 
fibrosarcolna (Couto et al., 1989). In this case the 
tumour was found to have high EPO activity, 
suggesting that the tumour cells produced EPO. 
The polycythaemia resolved after resection of the 
tumour. 

Non-neoplastic renal diseases such as renal cysts 
and hydronephrosis are well recognized causes of 
secondary polycythaemia in humans. However, in 
dogs and cats only small numbers of such cases have 
been documented. Hasler and Giger (1996) reported 
secondary polycythaemia in one cat with a renal 
capsular effusion and in a second cat with fatty 
infiltration of the kidney. EPO concentrations were 
noticeably increased in these two cats, confirming 
secondary polycythaemia. In a report by Waters and 
Prueter (1986), polycythaemia in a Labrador was 
thought to be associated with pyelonephritis due to 
Cryptococc~rsncofornnnrzsinfection. However, inthis 
case, EPO concentrations were not determined, and 
the polycythaemia could have been unrelated to the 
renal disease. 

Mildpolycythaemia may result from hyperadreno- 
corticism in dogs and hyperthyroidism in cats, since 

both cortisol and thyroid hormone stimulate increased 
production of EPO. 

PRIMARY POLYCYTHAEMIA 

Primary polycythaemia (polycythaemia Vera, pri- 
mary erythrocytosis) is a chronic lnyeloproliferative 
disease characterized by neoplastic proliferation of 
erythroid precursors, which mature into functionally 
and morphologically normal RBCs. The prolifera- 
tion occurs independently of EPO and does not 
respond to normal feedback mechanisms. In animals 
with primary polycythaemia, serum EPO concentra- 
tions are normal or low. 

In the dog, secondary polycythaemia is more 
common than primary polycythaemia. In the cat, pri- 
mary polycythaemia is the more common form, and 
although infiltrative renal diseases such as lymphoma 
and feline infections peritonitis are common in the cat, 
these diseases rarely result in polycythaemia. 

CONSEQUENCES OF 
POLYCYTHAEMIA 

An excessive number of RBCs results in increased 
blood volume and increased blood viscosity. The 
blood viscosity increases disproportionately with 
increases in the PCV above 50%. Blood capillaries 
and veins are distended to accommodate the in- 
creased blood volume, and this results in erythema- 
tous lnucons membranes. Bleeding episodes such 
as epistaxis, haematnria and haematemesis may 
occur, audresultfrommechanical rupture of capillar- 
ies due to overdistension. Hyperviscosity leads to 
sludging of blood in small vessels, which leads to 
tissue hypoxia. The three organs most affected by 
increased blood viscosity are the central nervous 
system (CNS; in particular the cerebral cortex), 
the lcidneys and the heart. Disorders of the CNS 
such as seizures, lethargy, weakness, ataxia, de- 
mentia, depression and coma may be seen. 
Glomerulonephropathy may result from glomerular 
and interstitial capillary hypoxia and lead to protein- 
uria and clinical signs of polydipsia and polynria. 
Hyperviscosity and increased vascular resistance 
result in increased cardiac effort, and there may 
be an associated myocardial hypertropl~y, which 
may progress to mild hypertrophic cardiomyopathy. 
Ocular abnormalities including distended tortuous 
blood vessels (Figure 4.1), and occasionally retinal 
haemorrhage may be present. The sluggish blood 
flow that results from hyperviscosity may predispose 
to thrombus formation. Iliac thrombosis has been 
reported in a dog with primary polycythaemia 
(McGrath, 1974). Figure 4.2 summarizes the 
clinical signs that may be seen in polycythaemic 
dogs and cats. 
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redtingfrom hyperviscosity. (Photograph courtesy of N T 
Gorman.) 

( Disorientation 1 
Depression, stupbr2 coma 
Seizures 
Weakness 
Blindness 
Ataxia 
Renal s i p  - 
Polydipsia/po 
Bleeding epis~,, 1 
Epistaxis 
Haematemesis 
Haematuria 
Haemorrhagic diarrhoea 

I 

Retinal haemorrhage 
Distended scleral vessels 
Splenomegaly is occasionally seen in cats with 
primary erythrocytosis 

Paroxysmil sneezing is quite common in dogs 
(owing to increased blood viscosity in nasal 
mncosa) 

Figure 4.2: Clrnrcal srgns ofpolycythaemu. 

LABORATORY FINDINGS AND 
DIAGNOSIS 

An increase in the packed cell volume (>55% in dogs 
and ~ 4 5 %  in cats) indicates polycythaemia. In dogs 
and cats with absolntepolycythaemiathe PCV is often 
as high as 70-90%, whereas in relative polycythaemia 
the PCV is usually mildly increased (e.g. 60%). In 
absolute polycythaemia there may be a mild reticulo- 
cytosis, and microcytosis is sometimes seen in dogs, 
which occurs due to a relative iron deficiency in an 
active bone marrow. Primary polycythaemia is some- 
times accompanied by a mild thrombocytosis. 

Once polycythaemia is recognized, subsequent 
evaluation is aimed at determining whether the poly- 
cythaemia is relative, primary or secondary. Relative 
polycythaemiais identaed whenthePCV isincreased 
but the red cell mass is normal. The red cell mass can 
be measured using an isotope dilution technique 
whereby RBCs are removed from the patient and 
labelled with radioactive chromium. The radioactivity 
of the labelled red cells is measured before they are 
reinjected into the patient, and the radioactivity of 
blood samples taken 20 and 30 minutes after injection 
is measured. In practice it is rarely necessary to meas- 
ure the red cell mass, because animals with relative 
polycythaemia usually have obvious clinical signs of 
dehydration, and the PCV returns to normal when the 
patient is rehydrated. In addition, increased plasma 
protein concentration andamilddegree of polycythae- 
mia both suggest relative polycythaemia. 

Once relative polycythaemia has been excluded, 
investigations are aimed at distinguishing primary 
from secondary polycythaemia. This is achieved by 
searcbingforpossiblecauses of secondarypolycythae- 
mia (e.g. cardiopulmonary disease or renal disease) 
and by evaluation of EPO concentrations. 

Clinicalsigns of respiratory disease (e.g. coughing, 
dyspnoea) or cardiac disease (e.g. cardiac murmur, 
arrhythmia, cyanosis) point towards secondary appro- 
priate polycythaemia. Thoracic radiography, 
echocardiography and electrocardiography are useful 
in diagnosing pulmonary or cardiac disease. If a blood 
gas machine is available (e.g. at the local hospital), the 
partial pressure of oxygen in arterial blood (PaO,) 
should be measured. The femoral artery or the dorsal 
metatarsal artery are suitable sampling sites. The nor- 
mal PaO, in a dog or cat breathing room air is 85-100 
mmHg. In cases of physiologically appropriate poly- 
cythaemia the Pa0,is usually noticeably reduced (e.g. 
<60 mmHg). Apulse oximetermay beused to measure 
the arterial haemoglobin saturation (SaO,). The nor- 
mal SaO, is 97%. As with the PaO,, the SaO, is 
noticeably reduced in appropriate secondary poly- 
cythaemia. Animals withprimary polycythaemia may 
havemildly reduced SaO, and PaO,, whichmay bedue 
to blood hyperviscosity resulting in poor tissue 
perfusion. 

If systemic bypoxia has been ruled out, the investi- 
gation is aimed at searching for potential causes of 
inappropriate polycythaemta. This is most commonly 
due to renal neoplasia, although non-neoplastic renal 
disease should also be considered. A cranial abdominal 
mass or renomegaly may be obvious on clinical exami- 
nation or may be detected on plain radiographs. An 
intravenous urogram and/or an ultrasound examination 
of the kidneys are used to-identify neoplasia or other 
renal disease (Figure 4.3). Ultrasound examination is a 
convenient screening test. When renal abmrmalities are 
detected, a fine needle aspirate or trucut biopsy may be 
obtained. Othertests such as biochemical screening and 
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urine analysis are helpful. Serum urea and creatinine 
concentrations are usually normal in cases of renal 
neoplasia unless both kidneys are involved. In cases of 
renal neoplasia, urine analysis may reveal proteinuria, 
haematuriaandan active sediment. Proteinuriamay also 
bedue toglomerulonephropathy, whichmay besecond- 
ary to polycythaemia. 

Figure 4.3: Ultrasound exarninat~on of thls k~dney revealed a 
large turnour (open arrows) dutorting the medulla (closed 
arrow) and cortex (arrowhead). (Photograph courtesy of 
M E  Herrtage.) 

Glomerutonephropathy may be caused by poly- 
cythaemia as a result of renal hypoxia due to 
hyperviscosity (Page et al., 1990; Quesnel and Kruth, 
1992). Renal diseases such as pyelonephritis may 
cause secondary polycythaemia. Thus it may be diffi- 
cult to determine if non-neoplastic renal disease is a 
consequence of primary polycythaemia or if it is the 
underlying cause of the polycythaemia, and in this 
situation serum EPO concentrations should always be 
evaluated. 

A diagnosis of primary polycythaemia is made if 
causes of secondary polycythaemia have been ex- 
cluded and if serum EPO concentrations are low or 
normal. As primarypolycythaemiaislargely adiagno- 
sis of exclusion, the accuracy of this diagnosis depends 
on the extent of the clinicopathological investigation. 
Figure 4.4 summarizes the diagnostic approach to 
polycythaemia. 

Serum EPO concentrations 
Assessment of serum EPO concentrations is helpful in 
distinguishing primary from secondary polycythae- 
mia, because high values point towards secondary 
polycythaemia and low ornormalvalues areconsistent 

Figure 4.4: Approach to 
the polycythaemlc patient. 
PCV, packed cell volume; 
EPO, erythropoietin. 

www.vet4arab.co.cc



Polycythaemia 47 

withprimary polycythaemia. EPOcan bemeasured by 
using bioassays that detect the hormone's activity or 
by immunoassays that detect t h e m  antigen [Giger, 
1992). Bioassays are not sensitive enough to detect 
normal or reduced concentrations of EPO, and can 
only detectincreasedEP0 activity. Another diiadvan- 
tage of bioassays is that laboratory animals are usedin 
the test. Two immunoassays that have been validated 
for use in dogs and cats are the EPO-Trac '251 radio- 
immunoassay (Incstar Ltd) (CookandLothrop, 1994) 
and the Medac ELISA (Medac Diagnostics) (Haslet 
and Giger, 1996). Dogs and cats with primary poly- 
cythaemia have low or low-normal concentrations of 
EPO; and a low or normal serum EPO value in an 
animal with no signs of secondary polycythaemia 
supports a diagnosis of primary polycythaemia. High 
concentrations of serum EPO are only seenin second- 
ary polycythaemia. Astudy using a radioimmunoassay 
in polycythaemic dogs found that serum EPO concen- 
trations were sligbtiy to moderately increased in dogs 
with congenital heart disease andpulmonary disorders 
and moderately to noticeably increased in dogs with 
renaltumours (Giger, 1991). However, not all cases of 
secondary polycythaemia are associated with high 
serum EPO concentrations. In two reports, cats with 
renal tumours had normal serum EPO concenttations 
(Cook and Lothrop, 1994; Hasler and Giger, 1996). 
Possible explanations forthisare thatthe renal h l m m  
may have produced an EPO-like substance that was 
not recognized by the assay or that EPO production 
was cyclic. EPO concentrations may also b e n o d  in 
an it^& with polycythaemia secondary to chronic 
hypoxia (Cook and Lothrop, 1994; Hasler and Giger, 
1996). The animal may in time adapt to hypoxia, 
resulting in a gradual decrease in EPO production. 
Hence EPO concentrations should always be inter- 
preted in conjunction with the clinical findings and 
should never replace a thorough clinicopatho~ogic~ 
evaluation. 

Inthe UnitedKingdom, EPO concentrations in the 
dog and cat may be assayed at Cambridge Specialist 
Laboratory Services Ltd (PO Box 967, Stapleford, 
Cambridge CB2 5XY). A serum sample or plasma 
collected in ethylenediamine tetra-acetic acid may be 
used. 

Bone marrow cytology 
Bonemarow aspirates are oftenobtainedaspm of the 
investigation of polycythaemic animals, but they do 
not help distinguish primary from secondary poly- 
cythaemia and are generally not useful. In both pri- 
mary and secondary polycythaemia the bone marrow 
is usually hypercellular and the mye1oid:erythroid 
ratio may benormal or decreasedowing to hyperplasia 
of the erythmid series. Although primary polycythae- 
mia is a myeloproliferative disease, the red cells and 
their precursors are morphologically normal and do 
not appear neoplastic pi'igure 4.5). 

p&eyihaemra showng erythroid hypevhiG (E, early 
normoblost; I, intermediate normoblast; I hte  normoblast). 
The eryttuoid celh are morphologrcally nor&, and bone 
marrow cytology does not he& to di$erentiafeprimaryfrom 
secondary polycythaemia. (Photograph courtesy o f J R  Dunn.) 

TREATMENT 

Polycythaemia 
Thetreatment ofpolycythaemiadepends ontheunder- 
lying cause of the disease. Animals with relative poly- 
cythaemia should be treated with fluid therapy to 
correct dehydration. Initial treatment of absolute poly- 
cythaemia, irrespective of the cause, is aimedat reduo- 
ing the blood viscosity by redncing the number of 
circulating red cells. This is achieved by performing a 
phlebotomy, removing 20 ml/kg of blood and replac- 
ing the removed blood volumewith 0.9% saline. This 
results in a decrease in the PCV by about 15%. The 
jugular vein is usually used. In dogs, blood may be 
collected by using a blood transfusion collection set, 
whereas incatsa 60 mlsyringeanda 19 gaugebutt6rfly 
needle are useful. In animals with polycythaemia sec- 
ondary to chronic hypoxia, a more cautious approach 
is recommended because sudden removal of a large 
amount of bloodmay exacerbate the hypoxia and may 
result in hypotension. Therefore 5 mljkg of blood is 
removed at one time, and repeated as needed until the 
PCV has decreased to 55-60%. 

In animals withpolycythaemia secondary to surgi- 
cally resectable renal turnours, it is important to carry 
out phlebotomy beforesurgery because hypetviscosity 
is associated with an increased t isk of thrombosis 
and/or excessive haemorrhage. Renal adenocarcino- 
mas may be contained within the renal capsule or may 
invade surrounding structures such as the vena cava 
and may not be amenable to surgical excision. Occa- 
sionally, both kidneys may be affected. In dogs with 
renal adenocarcinoma, metastases to regional lymph 
nodes, liver, lungs and botie are present in more than 
half the cases at the time of diagnosis (Baskin and 
DePaoli, 1977). In those cases where surgical excision 
is possible, mean survival times after surgery are 6-10 
m o n h  (Kleinetal., 1988), althoughsurvival times of 
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several years have been reported (Withrow, 1996). In 
three dogs with polycythaemia secondary to renal 
adel~ocarcinoma that underwent nepl~rectomy, poly- 
cytliaemiadidnotadversely affecttheprog~iosis (Scott 
andpatnaik, 1972; Petersonandzanjani, 1981; Waters 
and Pnieter, 1986). 

Primary polycythaemia 
Three treatment modalities have been used in the 
treatment of primary polycythaemia: repeated phle- 
botomy,chemotherapy in theformof hydroxyureaalld 
radioactive phosphorus. Combinations of phlebotoiny 
al~dhydroxyurea, orphlebotomy andradioactivephos- 
phoms, have also been used. 

In humans, phlebotomy alone is usually usedas the 
first line of treatment, except in elderly patients or 
those with thrombotic complications. The main disad- 
vantage of phlebotomy is an increased riskof thrombo- 
sis, which is unrelated to the platelet count and thouglit 
to be due to the poor stability of the liaematocrit. 
Therapy with aspirin to try to prevent tluombosis has 
not been widely successful and may result in 
haemoi~hagic complications (Tartaglia, 1986). An- 
other disadvantage of phlebotomy is a risk of early 
progression to myelofibrosis and myeloid spleno- 
megaly, which is sometimes seen as a late complica- 
tion of the disease in humans (Najean et al., 1994). 
Frequent pl~lebotomies may lead to iron deficiency, 
which in tun1 leads to the development of microcytic 
red cells. Since the red cells are smaller, the PCV 
remains in the normal range for a longer period, and 
iron supplements are not routinely given unless there 
are signs of severe iron deficiency. Both radioactive 
phosphorus and hydroxyurea chemotherapy are effec- 
tive and well tolerated, with a lower incidence of 
thrombotic complications. They are, however, associ- 
ated with an increased incidence of leukaetnia and, in 
the case of radioactive phosphorus, other cancers 
(Weinfeld ct al., 1994; Najean et al., 1996). Radio- 
active phosphorus is often used in elderly patients 
because leukaemia isunlikely tooccur intheir lifetime. 

In dogs and cats there are few reported cases of 
primary polycythaemia treated by phlebotomy alone. 
In one report a cat survived more than 20 months 
(Foster andLothrop, 1988), andinanotherreport a dog 
survived a year and was generally free of clinical signs 
(Meyer et al., 1993). Providing that the procedure is 
well tolerated, this method of treatment is safe and 
effective, althougli the risk of thrombosis may be 
increased as it is in humans. In the report by Meyer et 
al. (1993) the dog died suddenly, and the authors 
postulated that this may have been due to thrombosis. 

The frequency of phlebotomies is determined by 
the PCV, which, together with the clinical response, 
should be monitored frequently (e.g. monthly). If 
phlebotomy is required more frequently than every 
4-6 weeks, myelosuppressivetherapy isrecommended, 
and this is usually in the form of chemotllerapy. 

Hydroxyurea is the cytotoxic drug of choice and is 
generally well tolerated by animals. It causes revers- 
ible bone marrow suppression by inhibiting DNA 
synthesis without affecting RNA or protein synthesis. 
After an initial phlebotomy, a loading dose of 30 mg/ 
kg/day is given for 7- 10 days, followed by a mainte- 
nance dose of 15 mg/kg/day. Haematology is moni- 
tored at 7- 14 day intervals until the PCV is stable and 
within the normal range, and then every 6-8 weeks. If 
the PCV increases while the animal is on maintenance 
therapy, phlebotolny may be repeated and/or the dose 
of llydroxyurea may be increased for 7-10 days, after 
which timethe doseis reduced tothe maintenancedose 
again. Since the drug causes bone marrow suppression 
it has the potential to cause thrombocytopeiiia, which 
may result in spontaneous bleeding, and neutropenia, 
which may result in life-threatening sepsis. It is there- 
fore mandatory to monitor the patient's haeinatology 
regularly while on maintenance treatment. If thrombo- 
cytopenia or neutropenia occurs, hydroxyurea treat- 
mentshould be temporarily suspelideduntil thecounts 
return to normal and then reintroduced at a lower dose. 
Antibiotics should be given while the patient is neutro- 
penic. Other potential side effects in the dog include 
anorexia, vomitingandsloughingof the claws (Peterson 
and Randolph, 1982). In practice, such side effects are 
rarely seen. 

Hydroxyurea is supplied in 500 mg capsules. These 
capsules should not be broken open as this would 
expose the handler to a potelltially mutagenic and 
teratogenic substance. Therefore the total number of 
~nilligrams required for a set period should be calcu- 
lated and the capsules spread evenly over that period. 
For example, a cat weighing 3.5 kg would require a 
daily maintenance dose of 52.5 mg, which is one 10th 
of a tablet. Therefore, one tablet should be givenevery 
10 days. This bolus-type dosing may occasionally 
result in an adverse reaction in cats, leading to met- 
haemoglobinaemia and haelnolytic anaemia withHeinz 
bodies (Watson et al., 1994). Early detection of such a 
reaction could be achieved by initially giving a low 
dose more frequently (which would entail splitting 
capsules). Watson et al. (1994) recommended giving 
cats 125 mg every other day for 2 weeks, then 250 mg 
twice a week for 2 weeks, then 500 mg once a week. 
The cat could be admitted to hospital before each dose 
increment. Blood taken at the time of the initial phle- 
botomy should be stored in case a severe methaemo- 
globinaemia develops. 

Radioactive phosphorus (3'P) has been used in 
small numbers of dogs with polycythaemia. After 
administration, 32P is takenup by bone whereit decays, 
thereby irradiating the adjacent haemopoietic cells in 
the bone marrolal. It is well tolerated and associated 
with minimal short-term side effects, although the 
potential carcinogenic effects seen in human patients 
presumably also affect the dog. In a report by Smith 
and Turrel(1989), a single treatment resulted in long- 
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term control in about 40% of cases, although 25% of 
cases showed no response. The main disadvantage of 
this treatment is the requirement for isolation of the 
animal in purpose-built premises. 
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CHAPTER FIVE 

(i) Iron Deficiency Anaemia 

Mike Stone 

INTRODUCTION 

Iron deficiency anaemia in small animal medicine is 
most commonly seen as a result of insufficient intake 
of dietary iron or chronic blood loss. The following 
case history is an example of iron deficiency anaemia 
in a dog. An 8-year-old mixed breed dog weighing 29 
kg was evaluated for melaena and anaemia. Haema- 
tology revealed microcytic hypochromic non-regen- 
erative anaemia (Figure 5.1, day 1). On physical 
examination the patient was tachypnoeic and had pale 
mucous membranes. On rectal examination there was 
black stool, which gave apositive test result for occult 
blood. Tachypnoea resolvedafter the dog receivedone 
unit of packed red cells, and the packed cell volume 
(PCV) increased from 14 % to21 %. Radiographs taken 
after the oral administration of barium sulphate re- 

vealed an ovoid filling defect inside a dilated loop of 
small intestine (Figure 5.2). A second transfusion of 
packed red cells was given, and an ulcerated leio- 
myoma was surgically removed from the mid-jeju- 
num. The dog was discharged two days after surgery, 
withaPCVof 31%. Onday 15 thePCVwas23%,but 
there were 10.8 % reticulocytes in the blood. Although 
iron deficiency was suspected, iron was not given, on 
the assumption that the blood transfusions and diet 
would supply adequate iron for haematopoiesis. On 
day 29, however,thereticulocyteresponse haddropped 
to 0.7%, with a PCV of 22%. Ferrous sulphate was 
begun at 100 mg orally twice daily, and after 3 weeks 
the PCV had increased to 41%. Iron therapy was 
continuedoncedaily for4months. The dog completely 
recovered and continued to do well after iron therapy 
was discontinued. 

Fipre 5.1: Haematology of a dog with iron deficiency anaemin. 
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Figure 5.2: 
Ventrodorsal 
radzograph showing 
ovoidfillrng defect 
rn small rntesn'ne 
(arrow) of a dog 30 
mmutes afer oral 
administration of 
barium. 

PATHOPHYSIOLOGY 

Sixty five per centofbody iron occursin haemoglobin, 
3% in myoglobin, 2% in enzymes and 30% in the 
storage forms of haemosiderin and ferritin. During 
iron deficiency, iron stores are depleted fmt, while 
bloodhaemoglobm concentrations arerelatively spared. 
Once iron deficiency has progressed to the point of 
causing anaemia, body stores of iron will have been 
completely depleted. With iron replacement therapy, 
haemoglobinconcentrationsincreasebeforebcdy storm 
are replenished. Therapy for iron deficiency must 
therefore be continued well beyondthe time it takes to 
return the haematocrit to normal. 

Dietary iron is absorbed primarily in the upper 
small intestine and is carried in the plasma bound to a 
carrier protein, transferrin. Transferrin is manufac- 

tured in the liver, and liver iron stores may regulate 
production. As iron stores are increased, less transfer- 
rin is produced. Iron bound to transferrin circulates in 
the plasma and ultimately ends up in the bone marrow 
where iron is released into the developing red blood 
cell. Haemoglobm production controls red cell divi- 
sion and release from the marrow. In the n o d  state 
the red cell is released fromthemarrow when a critical 
concentration of haemoglobin is reached inside the 
cell (about 33%). With iron deficiency, insufficient 
haemoglobin production occurs and the red cells con- 
tinue to divide in order to approach the necessary 
haemoglobin concentration. Although the 33% hae- .. .. 
moglobin concentration point is never reached (result- 
ing in hypochromic cells), the extra division produces 
smaller (microcytic) cells. Thus the typical red cells 
produced during periods of iron deficiency are hypo- 
chromic and microcytic. 

Haemoglobm in red cells circulates until the red 
cell's life span is reached. Old red cells are pbagocy- 
tosed by cells of the mononuclear phagocytic system 
(MPS), and the haemoglobinis degradedto yield iron. 
When there are abundant body stores, iron is stored 
intracellnlarly as ferritin or haemosiderin. Ferritin is 
the more labile of the two storage forms and can more 
readily release its iron when required. Water-soluble 
femtin molecules will denature if not used and form 
large water insoluble aggregates called haemosiderin. 
Haemosiderin can be seen on examination of bone 
marrow andinhistologicalbiopsy samples withspecial 
staining. Because femtin is water soluble, it is lost 
during the stainingprocedure and cannot be seen. Iron 
obtained from the breakdown of haemoglobin may be 
releasedfromtheMPS cell, bound to transfer+ taken 
back to the bone marrow and reutilized to produce 
haemoglobin. Figure 5.3 shows this route of iron 
conservation. 

n cell - 

- 
Mononuclear phagocytic cell Bloodstream Bone 

I I 

Figure 5.3: The body is able to reuklzze ironfrom the breakdown of haemoglobin within mononuclearphagocytic cells. The iron 
binds to rrnnsferrin and n r e m e d  to the bone marrow and used to produce more haemoglobrn 
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The body is extremely efficient at iron conserva- 
tion, and only small amounts of iron are lost in the 
urine, faeces, hair and squamous cells. The total daily 
iron loss is about 1 to 2 mg and intestinal absorption 
easily equals that amount. Blood is a rich source of 
iron, and chronic blood loss can therefore create iron 
deficiency. Blood contains about 0.5 mg of iron per 
millilitre. Thus a bloodloss of 10 ml will create aniron 
deficit of 5 mg, which is greater than twice the body's 
normal daily loss. 

CAUSES OF IRON DEFICIENCY 

The major causes of iron deficiency in animals are 
summarized in Figure 5.4. Iron deficiency is quite 
common in young animals and is accepted as a normal 
phenomenon. Studies ofnormalbloodvalues inkittens 
and puppies have established that the PCV is normal at 
birth but soon decreases, and a microcytic hypochro- 
mic anaemia develops. After animals are weaned, the 
PCV and red blood cell indices return to normal. The 
development of anaemia in kittens can be lessened by 
giving iron, suggesting iron deficiency as its cause 
(Weiser and Kociba, 1983). 

Insufficient intake 

I Newborn animals 

Internal parasitism (e.g. severe hookworm I ~es ta t ion)  I 
I External parasitism (e.g. severe flea infestation) I 
Bleeding gastrointestinal neoplasm or ulcer 
Repeated phlebotomies from blood donors or 

R a ~ i d  ewthropoiesis 

Erythropoietin the~apy of anaemia 

Figure 5.4: Causrr of iron deficiency. 

Iron deficiency in young animals is common be- 
cause milk is low in iron. From birth until weaning, 
animals fed exclusively on a milk diet must rely upon 
their own stores of iron to create haemoglobin. In 
piglets, supplementation of iron at birth is economi- 
cally important to increase growth rate, increaseresist- 
ance to infection and decrease mortality, but this has 
not seemed necessary in other domestic species, even 
thoughirondeficiency isrecognized Wahaffey, 1986). 
In humans, iron deficiency in childhood may have 
damaging long-term consequences and should be pre- 
vented (Lozoff etal., 1991; Oski, 1993). Further stud- 
iesneedto address thepotentialimportance of neonatal 
iron deficiency in small animals. 
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Iron deficiency in older animals is most commonly 
caused by chronic blood loss. Parasites, bleeding neo- 
plasms or ulcers and repeated phlebotomies are poten- 
tial causes of irondeficiency (Comer, 1990). To create 
iron deficiency, blood loss must be chronic as body 
ironstores cancorrect a single bleeding episode. Blood 
loss must also be external to create iron deficiency. 
Bleeding into body cavities (haemoperitoneum, 
haemothorax, haematoma formation) or haemolysis 
will not cause iron depletion as the red cells will be 
phagocytosed and their iron reutilized. 

Erythropoietintherapy may induceaprofounderyth- 
ropoiesis and increased demand for iron. Patients who 
have renal failure, borderline nutritional status and 
poor response to erythropoietin therapy may benefit 
from iron supplementation. 

TESTS OF IRON METABOLISM 

A common approach to the anaemic patient should 
include a complete blood count with reticulocyte and 
platelet counts, biochemical profile, urinalysis and 
faecal flotation. If the cause of anaemia is not readily 
apparent and iron deficiency is suspected, a radio- 
graphic barium study and testing for faecal occult 
blood should be considered, as the gastrointestinal 
system is the most common site of occult blood loss 
(Comer, 1990). Tests that are helpful to confirm the 
diagnosis of iron deficiency are listed below (Stone 
and Freden, 1990). 

Haematology 
With iron deficiency the development of a microcytic 
hypochromic anaemia is classic. The mean corpuscu- 
lar volume (MCV) decreases more reliably thanthe 
meancorpuscularhaemoglobinconcentration~CHC) 
(Weiser and O'Grady, 1983; Fulton et al., 1988). A 
histogram graphically depicts the varying sizes of red 
cells and may be a more sensitive indicator of iron 
deficiency than a single MCV value. Iron deficiency is 
shown by an increase in the red cell distribution width 
(RDW), as shown in Figure 5.5. In humans, RDW is 
the fmt abnormal parameter to develop after depletion 
of bone marrow iron, occurring before serum iron 
concentration decreases (Oski, 1993). Red cells be- 
come less deformable during iron deficiency, and 
erythrocyte fragmentation may therefore be present. 
Thrombocytosis has frequently been observed with 
iron deficiency and may be associated with chronic 
blood loss (Schloesser et al., 1965). 

Serum iron concentration 
Serum ironconcentrations are expected to be low with 
iron deficiency. Serum iron will, however, also be low 
with acute or chronic inflammatory reactions, hypo- 
thyroidism and renal disease. Increased serum iron 
concentrations have been associated with glucocorti- 
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coid administration, parenteral iron therapy and liver 
disease (Kaneko, 1980; Smith, 1992). Concentrations 
of serum iron also fluctuate on a daily basis. 

Erythrocyte protoporphyrin 
Increased protoporphyrin concentrations are expected 
with iron deficiency. Protoporphyrin is an intermedi- 
ate step in the production of haemoglobin, and when 
iron is limited, concentrations of this compound in- 
crease (Weeks et al., 1990). Protoporphyrin concen- 
trations may also be increased by lead poisoning and 
chronic inflammation. 

Serum ferritin 
Ferritin is a protein which stores iron. It is especially 
found in cells of the MPS in the liver, spleen and bone 
marrow. A small amount of circulating ferritin has 
been discovered and is believed to originate from the 
liver and spleen. The exact function of circulating 
ferritin is not known, but the serum concentration has 
been found to correlate well with total body iron stores 
(Weeks et al., 1989). When iron stores are decreased 
the serum ferritin concentrations are low. Ferritin is an 
'acute phase protein' and concentrations may be in- 
creased by an acute inflammatory insult. Increased 
concentrations have also been found in association 
with certain neoplasms (Newlands et al., 1994). 

Total iron binding capacity and transferrin 
saturation 
Total iron binding capacity (TIBC) is the amount of 
iron that may potentially be held in the bound state 
in a given amount of blood. This value is an indirect 
measure of the amount of transferrin in the blood 
since transferrin is the major protein carrying iron. 
TIBC can be measured by flooding a blood sample 
with iron, removing the unbound portion, and deter- 
mining the serum iron concentration. The per cent 
saturation of transferrin is calculated with TIBC 
and serum resting iron concentration. In the normal 
animal, serum iron concentration is about 100 pg/dl 
and TIBC is about 300 pg/dl, therefore the normal 
per cent saturation of transferrin is 100/300 or 
around 33%. 

Iron deficiency causes serum iron concentration 
to decrease and transferrin saturation to fall. Less 
than 15% transferrin saturation is highly suggestive 
of iron deficiency (Weiser and O'Grady, 1983). 
Serum TIBC is higher than normal in humans with 
iron deficiency due to increased hepatic production 
of transferrin, but in the dog, transferrin production 
does not seem to increase with iron deficiency 
(Weeks et al., 1990). 

Bone marrow iron 
Bone marrow smears can he evaluated for iron stores 
with special staining. Bone marrow macrophages 
store iron if body stores are adequate. Bone marrow 
iron will be absent if iron depletion has progressed 
to the point of causing anaemia. This is the most 
accurate method of estimating body iron stores but 
has the disadvantage of being an invasive test. Bone 
marrow in thecat may not containstainable ironin the 
normal state (Harvey, 1997). 

Insummary, the typical anaemia of iron deficiency 
is microcytic and hypochromic or normochromic with 
increased erythrocyte fragmentation, increased plate- 
let numbers, low serum iron concentration, normal to 
increased TIBC, low transferrin saturation, increased 
erythrocyte protoporphyrin concentration, low serum 
ferritin concentration and iron absent from the bone 
marrow. 

TREATMENT OF IRON DEFICIENCY 

The therapeutic dose of iron is 2 to 10 mg/kg per 
day, based on the iron content of the preparation. 
Ferrous sulphate, ferrous fumarate and ferrous 
gluconate may all be effective, however ferrous 
sulphate has been recommended as the treatment of 
choiceforirondeficiency (Harvey etal., 1982). Food 
reduces absorption of iron in humans and it may be 
preferable to give iron in the fasting state, even if the 
dose must be reduced (Hillman, 1990). Side effects 
of giving iron orally are primarily gastrointestinal 
and may include abdominal pain, vomiting, diarrhoea 
or constipation. 

www.vet4arab.co.cc



Iron Deficiency Anaemia 57 

Injectable iron dextran may be indicated in patients 
with malabsorptive disease or when intolerance to oral 
iron prevents effective therapy. Pain at the injection 
site may be prolonged and therefore intramuscular 
injection is discouraged unless specifically indicated. 
Iron dextral1 is giveti at 50 mg per cat i.m. for 18-day- 
old kittens (WeiserandKociba, 1983) or 10mg/kgi.m. 
as a single dose for adult dogs and cats (Mahaffey, 
1986). Humans thatarenot compliantwithoral therapy 
may be given iron dextran intravenously (Andrews, 
1999) but the author has no experience with this 
method of administration in animals. 

Response to therapy can beevaluated by increases 
inPCVandmay be evident as early as 4 to7 days after 
beginning iron therapy. ThePCV should benormalor 
nearly so within 4 weeks of therapy. If the response is 
inadequate by this time, the diagnosis should be 
reconsidered. 

Duration of therapy is governed by the need to 
replace iron stores. If iron therapy is stopped after the 
haematocrit has returned to nor~nal, but before replen- 
ishment of iron stores, the animal is at risk of recur- 
rence of iron deficiency should further bleeding occur. 
Iron supplementation is therefore recommended for 
4-9 months to adequately replace body stores 
(Mahaffey, 1986). Iron stores could be evaluated by 
monitoring concentratio~~s of serum ferritin or bone 
marrow iron if deemed necessary. 
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CHAPTER FIVE 

(ii) Anaemia of Chronic Renal Disease 

Andreas Hans Hasler 

INTRODUCTION 

Anaemia is a common problem of cats and dogs with 
chronic renal disease (CRD). As the condition 
progresses towards endstage kidney disease, anaemia 
develops in virtually every patient (Cowgill, 1992). 
The severity of the anaemia correlates with the degree 
of renal disease as expressed by the creatinine and/or 
the urea concentration (King et al., 1992). The signs 
and symptoms of anaemia in patients with chronic 
renal failure (CRF) do not differ from those seen in 
otherpatients with chronic anaemia, andinclude pallor 
ofthemucousmembranesandskin, tachycardia, tachy- 
pnoea, lethargy, weahess and anorexia. 

PATHOPHYSIOLOGY 

The pathophysiology of anaemia in animals with CRD 
is complex and may involve bone marrow failure, 
bloodloss or haemolysis. Failure of erythropoiesis due 
to deficiency of erythropoietin (EPO) production by 
diseased kidneys is the major contributing factor in 
both human and veterinary patients (Cowgill, 1992). 

Erythropoietin deficiency 
A classic endocrine feedback system tightly regulates 
the red cell mass under nonnal circumstances (Erslev, 
1990). EPO is the key factor in the regulation of red cell 
mass and erythrocyte production (Figure 5.6). It is a 
polypeptide hormone that belongs to the group of hae- 
matopoietic growth factors. It has a high degree of 
aminoacidsequencehomology amongmammals, which 
explains the interspecies cross reactivity of hormone 
assays and the use of heterologons recombinant human 
EPO (rHuEP0) in replacement therapy. Renal tissue 
hypoxia, but not the number or mass of circulating red 
cells, stimulatestherenalproductionof EPO and release 
of the hormone to the plasma. When the oxygen tension 
is sufficiently low, the oxygen sensor (believed to be a 
member of the haem protein family) is in the deoxy 
conformationandtriggersthesynthesis of EPO. Thesite 
of productionof EPO in the kidney has beenlocalized to 
the interstitial cells of theinner cortex laying adjacent to 
the proximal tubules. Cells that produce EPO may be 
active or inactive, and the number of active cells paral- 

lels the degree of hypoxia. In non-uraemic patients, 
serumEPO concentrations are inversely correlated with 
the haematocrit, which means that EPO concentrations 
increase in proportion to the severity of anaemia (Figure 
5.7). EPO acts in the bone marrow as both a growth 
factor and a differentiatingfactorfor erythrocyte precur- 
sor cells. The stimulationof erythropoiesis results in an 
increase in circulating red cells, and as a consequence 
oxygen-carrying capacity is enhanced. The improved 
renal oxygenation is detected by the oxygen sensor in 
the kidney, and renal EPO production decreases. 

Bone Marrow 

Red cell mass 

Production of - Oxygen 
erythropoietin sensor 

Kidney 

Figure 5.6: Synthesis and regularton of erythropoietin. 
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Figure 5.7: Serum erythropoiiiii? (EPO) concentrations 
in healthy dogs and anaemic dogs compared with dogs with 
anaemia of chronic renal failure. Reproducedfrom Giger 
(1992) Erythropoietin and its clinical use. Compendium on 
Continuing Education for the Practicing Veterinarian 14, 
25-35, with permission. 
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By contrast, uraemic patients have an impaired 
regulatory loop and their ability to produce EPO in 
response to tissue hypoxia is abolished or decreased. 
Numerous studies in humans and animals have shown 
that serum EPO concentrations in uraemic patients are 
inappropriately low when compared with normal ref- 
erence values (Figure 5.7). Anaemic dogs with CRF 
generally have low or normal plasma EPO concentra- 
tions. Mildly increased EPO concentrations may occa- 
sionally be found but are often inadequately increased 
inview ofthedegreeoftheanaemia (King etal., 1992). 
In an experimental model of decreased renal mass, the 
EPO response paralleled the remaining functional re- 
nalmass (Oishi etal., 1993). It has yet to beestablished 
whether the decrease in plasma EPO concentration is 
due to an impaired oxygen-sensing mechanism, a 
decreased synthesis of EPO or both. 

Myelofibrosis and hyperparathyroidism 
Secondary hyperparathyroidism is a common 
sequela to CRD. An increase in parathyroid hormone 
(PTH) concentration may lead to myelofibrosis (Rao 
et al., 1993), and the fibrotic bone marrow has a 
decreased erythropoietic potential. Further, a direct 
inhibitory effect of PTH on erythropoiesis has been 
proposed. One study showed that anaemic dogs with 
CRD had significantly higher PTH values when 
compared withnon-anaemic dogs with CRD (King et 
al., 1992). PTH seems to influence erythrocyte 
survival time, as decreased survival time has been 
shown in dogs with surgically induced renal failure, 
which normalized after parathyroidectomy (King et 
al., 1992). In addition to the role of PTH and myelo- 
fibrosis in the pathogenesis of the anaemia of CRD, 
there is much interest in the relationship between 
PTH, myelofibrosis and response to replacement 
therapy with exogenous EPO. Hyperparathyroidism 
and myelofibrosis are thought to be one reason for 
EPO resistance, and correction of hyperparathy- 
roidism has been shown to improve the response to 
exogenous EPO (Rao et al., 1993). 

Increased osmotic fragility 
Osmotic fragility of erythrocytes is increasedin humans 
with CRD, however a single study of osmotic fragility 
in dogs with CRD did not find changes in this param- 
eter (King et al., 1992). These results suggest that 
altered osmotic fragility is not a major contributor to 
the anaemia of CRD in dogs. 

Gastrointestinal and other bleeding 
Bleeding into the gastrointestinal tract may be the most 
commoncauseofbloodlossanaemiainuraemic patients 
and be manifest clinically as haematemesis, 
haematochezia or melaena. Gastrin has beenimplicated 
in the development of gastric ulcers. Gastrin concentra- 
tion is increased as itsmetabolismin thediseased kidney 
is reduced. The resulting hypergastrinaemia increases 

acid production leading to mucosal irritation, ulcers and 
consequently haemorrhage. Gastrointestinal bleeding 
may go undetected for a long time and, if persistent, can 
cause iron deficiency.Uraemia also hasadirect effect on 
platelet fimction and hence may lead to haemorrhage. 

Iron deficiency anaemia 
Many dogs and cats with CRD have subnormal serum 
iron concentration and transferrin satt~ration below 
15% (Cowgill, 1992). It is not clear whether this is 
related to decreased iron intake, diminished iron ab- 
sorption or excessive iron loss. 

CLINICAL EVALUATION 

The minimal database for anaemia of CRD consists of 
history, physical examination, complete blood count 
(including red cell indices and reticulocyte count) and 
a complete serum chemistry panel including albumin, 
phosphate, blood urea nitrogen (BUN), creatinine, 
calcium and a complete urinalysis (Figure 5.8). Stool 
analysis for parasites and occult blood may be helpful 
to exclude gastrointestinal bleeding. The diagnosis of 
CRD should be based on findings consistent with the 
disease. It must be remembered that other diseases 
(e.g. hypoadrenocorticism) may causeconcurrent azo- 
taemia, isosthenuria and anaemia. 

Complete blood count 
Packed cell volume (PCV) is commonly used to 
assess anaemia in veterinary medicine. The RBC 
count or the haemoglobin concentration can also be 
used to document anaemia, but for simplicity only 
PCV is mentioned in the following discussion. The 
degree of anaemia should be re-evaluated once the 
animal is rehydrated. Patients with CRD are often 
dehydrated, and the 'haemoconcentration' may mask 
the full extent of the anaemia. As normal values for 
cats are lower than for dogs, the terms mild, moderate 
and severe anaemia imply different values in each 
species (Figure 5.9). 

Red cell indices characterize the anaemia accord- 
ing to size and haemoglobin content of the erythro- 
cytes. A normocytic-normochromic pattern occurs 
in the anaemia of erythropoietin deficiency. Any 
other pattern suggests a different form of anaemia 
(e.g. microcytic-hypochromic anaemia due to iron 
deficiency). 

Reticulocyte count 
The presence of a regenerative anaemia (Figure 5.9) 
rules out lack of EPO, and other causes of anaemia 
must be evaluated (e.g. haemolysis, gastrointestinal 
bleeding). Bone marrow examination is generally not 
indicated for primary evaluation of anaemia of CRD. 
The exception may be to document myelofibrosis or 
the presence of rHuEPO-antibodies. 
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Figure 58: Algorithnt for diagnostic evaluation of anaemia of chronic renal diseuse. 

Figure 5.9: Definition of the severity of anaemia in the dog and cat 
PCV, packed cell volume. 

Blood loss 
Any blood loss should be investigated. A concurrent 
hypoalbuminaemia may suggest blood loss, or a high 
BUN:creatinineratiomay suggestgastrointestinalbleed- 
ing. Althoughparasites (e.g. fleas, hookworms) in other- 
wise healthy animals rarely cause significant anaemia, 
they may contribute to anaemiain the patient withCRD. 

Serum EPO concentration 
It is not necessary to determine senun EPO concentra- 
tions to diagnose EPO-deficient anaemia of CRD. To 
the author's knowledge there is no study that suggests 
that EPO concentrationis a useful prognostic indicator 
of the progress of the anaemia of CRD or the response 
to treatment. The finding of an appropriately increased 
EPO concentration in an anaemic animal may, how- 
ever, direct the clinician to search for other causes of 
anaemia (e.g. blood loss). 

PTH concentration 
Determinationof plasmaPTHconcentrationmay some- 
times be helpful in cases of CRD, for example those 
animals that may be treated with calcitriol. 

Hypertension 
Arterial hypertension is a common complication of 
CRD, which may occur in up to 93% of cats or up to 

69% of dogs with CRD (Polzinetal., 1995). However, 
there is a transatlantic debate as to whether human 
values should be applied to dogs and whether hyper- 
tension in dogs with CRD is a substantial problem 
(Michell, 1996). Although overt clinical signs suEh as 
tortuous retinal vessels will alert the clinician, silent 
hypertensionoftengoesunnoticed, asmeasuring blood 
pressure and interpretation of the results can be chal- 
lenging in cats and dogs. Pre-existing hypertension is 
a relative contraindication for the administration of 
rHuEPO and if present should be controlled before 
such therapy. 

TREATMENT 

The anaemia of CRD is multifactorial, and treatment 
must therefore be tailored to the underlying disease. 
The approach should be practical and cost effective. 
The initial management should aim to minimize blood 
loss, whereas subsequent therapy should be directed 
towards increasing red ce!l mass. 

Gastrointestinal and other blood loss 
Patients with CRD require close monitoring and hence 
frequent blood sampling is neededfor laboratory tests. 
Repeated blood collection may quickly render cats and 
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small dogs anaemic. Testing should therefore be 
optimized and restricted where possible. Intestinal 
parasites (e.g. hookworms) and flea infestation should 
be addressed with proper therapy. Gastric ulceration 
may be alleviated with the use of H,-blockers (e.g. 
cimetidine 5-10 mg/kg tid). 

Iron deficiency is treated with oral iron sulphate. 
Starting doses of 100 to 300 mglday for dogs and 
50-100 mg/day for cats have been recommended. 
Side effects of oral iron supplementation include 
vomiting and diarrhoea. Therapy should be evaluated 
by monitoring plasma iron concentrations alid trans- 
ferrin saturation. 

Blood transfusions 
Prior to the availability of rHuEPO, the anaemia of 
CRD was treated by transfusion of whole blood or 
packed red blood cells. This approach remains the 
modality of choice in an acute situation where rapid 
improvement is a necessity. However, there are sev- 
eral inherent problems associated with such transfu- 
sions, which make this procedure unsuitable for 
long-term management: 

- Even with careful crossmatching, 
incompatibilities may develop with repeated 
transfusions, and prohibit further use - Few veterinary clinics have reliable access to 
blood products . It is nearly impossible to restore the PCV to the 
normal range in animals with anaemia of CRD, 
thus the patient remains anaemic. 

Recombinant human EPO 
Following the discovery that the major determinant of 
uraemic anaemia is a relative or absolute deficiency of 
EPO, treatment has focused on replacement with exo- 
genous EPO. Since the first trial in human medicine in 
1985, using rHuEPO, a huge body of literature has 
shown the efficacy and benefits of treatment withEPO 
in humans aud animals. rHuEPO has emerged as the 
mainstay for correction of uraemic anaemia in humans 
(Erslev and Besarab, 1997). 

Benefits 
Treatment with rHuEPO produces a dose-dependent 
increase in PCV in virtually every patient (Erslev and 
Besarab, 1997). It can be expected that the PCV will 
increase by 0.5-1% per day, and usually the red cell 
mass call be restored within a month (Cowgill et al., 
1998). Thrombocytosis, but not leucocytosis, may 
accompany the increase in PCV. It is unclear whether 
this is a sign of iron deficiency or a direct effect of 
rHuEPO. 

In addition to improvements in PCV, the most 
impressive benefits of effective rHuEPO therapy are 
significant subjective improvements in wellbeing, in- 

creased appetite and increased physical activity, docu- 
mented in both humans and animals (Erslev and 
Besarab, 1997; Cowgill, 1995). The gain in appetite 
improves nutritional status, and resolution of hypo- 
kalaemia is reported in cats (Cowgill, 1995). 

Indications 
Treatment with rHuEPO is indicated in patients 
with moderate to severe anaemia caused by EPO 
deficiency and where clinical judgement suggests a 
possible benefit. 

Contraindications 
There are relative, but no absolute, contraindications 
to the use of rHuEPO in dogs and cats, one such case 
being animals with mild anaemia. Although these 
animals might benefit from an increased PCV and 
exhibit the same increase in wellbeing and quality of 
life, the potential for development of the major side 
effect (the possible development of antibodies) and the 
cost of therapy should be considered and discussed 
with the owner. 

rHuEPO preparations 
rHuEPO is available as epoietin alpha (EpogenO, 
Amgen Inc., USA; EprexO, Cilag, Switzerland) or 
epoietin beta (RecormonO, Boehringer, Mannheim, 
Germany). The former preparation uses human albu- 
min as a carrier whereas the latter does not. Some 
forms of rHuEPO require reconstitution with saline. 
All preparations must be stored refrigerated. Most 
treatments in animals have been with epoietin alpha 
(EpogenO). All colnmercial rHuEPO preparations are 
not licensed for use in animals, and it is advisable to 
receive written consent from the client. 

Injection 
The subcutal~eous route is most often used in veteri- 
nary medicine as it is easy to use and can therefore be 
administered by owners at home. Owners should be 
instructed on how to inject rHuEPO (similar to insulin 
injections). It is conceivable that injection over the 
lateral chest and abdomen area leads to the most 
reliable absorption (similar to insulin injections). 

Starting treatment 
Replacement therapy can be divided into an initiation 
and maiutenance phase. The initiation phase is charac- 
terized by an increase in PCV, and the dose is higher 
during this phase (Figure 5.10). The recommended 
dose is 100 U/kg three times a week. This has been 
shown to promote an erythropoietic response in most 
animals. In cases of hypertension or less severe anae- 
mia, thesmaller doseof 50U/kg three times a weekcan 
be given. This dose is continued until the PCV has 
reached the lower end of the target value (30-40% for 
catsand35-45% fordogs), whichsignals theendofthe 
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initiating phase (usually within 4-8 weeks). At this 
point, the dose and interval is reduced and then titrated 
to effect (Figure 5.1 1). The reaction to changesin dose 
or interval is slow, and therefore it takes about 3 weeks 
to assess the impact of a different regimen. Hence, 
changes in rHuEPO dose or interval should not be 
made more than once every 3 weeks. 

Once the lower end of the target interval is 
reached, the interval can be reduced to twice weekly, 
with the same dose (100 U/kg). If the PCV continues 

" 

to increase, the dose should be reduced to 75 Ulkg 
once weekly. If the target PCV is not reached within 
8-12 weeks, the dose canbe titrated insteps of 25-50 
Ulkg. Besides increasing the dose, a thorough evalu- 
ation for resistance should be undertaken. The stimu- 
lated erythropoiesis puts'a high demand on iron 
stores, which makes concurrent supplementation a 
necessity. Dosages of oral iron sulphate of 100-300 
mglday for dogs and 50-100 mglday for cats have 
been recommended. 

Evaluate for 
concurrent disease 

hyperparathyroidism 
anti-rHuEPO antibodies 

Figure 5.10: Algorlrhm for rrearmeitt of anaernra of erythroporetrn (EPO) deficzency wrth recombrnanr human EPO (rHuEPO 
PCV, packed cell volume. 
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Figure 5.11: Rcsporrse to trearrr~er~f 
with recorrrbb~ar~r hntrrarl 
erythropoietin (rHrrEP0). rHrrEP0 
was give11 to a fe~r~ale A~~rerfcarr 
Cocker Sparriel bvith clbrical and 
laboratory evrderrce of atmernia rl~re to 
chronic rer~al disease. Tire srarrrr~g 
dosc was 300 U/kS/lveek divided tlrrec 
tirrres >veekly, and the packer1 cell 
volrrere (PCV) smrted to irrcrease ajier 
ora nlcck and enrei-ed tlre rronlral 
range ~vitlrir~ 3 >veck. Tire PCV 
corrtirracd ro ir~crease above SO%, arrd 
tire dose was redrrced ro 100 U/kg/ 
week. A stable PCVin tire ,~or,rral 
rarlgc was reached, but t11e dosc lrnd to 
be b~creased ro 200 U/kd~veek. 

Safety and side effects 
There is no evidence that treatment with rHuEPO 
accelerates the progression of renal disease in humans 
(Jacobs, 1995). Local pain at the injection site of 
epoetin alpha (hut not beta) is reported in human 
studies. 

The most detrimental side effect of treatment is 
the development of antibodies against the rHuEPO 
molecule, which bind to both exogenous and endo- 
genous EPO. Consequently, the body becomes resist- 
ant to rHuEPO with time, and a progressive decline 
of PCV will occur (Figure 5.12). Antibodies do not 
commonly appear until the fourth week of treatment, 
but may occur at any time thereafter. Whereas the 
overall incidence of anti-rHuEPO antibodies may 
only be 30%, such antibodies developed (along with 

refractory anaemia) in two of three dogs that were 
treatedfor more than 90 days and in five of seven cats 
that were treated for more than 180 days (Cowgill et 
al., 1998; Cowgill, 1995). These results show that 
long-term treatment with rHuEPO is associated with 
a high degree of antibody stimulation. Although most 
authors claim that the antibodies disappear upon 
withdrawal, the memory immune response prohibits 
a second trial with rHuEPO. These patients will 
become dependent on blood transfusion. The major 
sign of antibodies is resistance to treatment after a 
preliminary response. Unfortunately, thereisnocom- 
lnercial test for determining anti-rHuEPO antibody. 
Bone marrow examination with a mye1oid:erythroid 
ratio of greater than eight is suggestive of resistance 
to EPO (Cowgill, 1995). 

I Weeks I 
I I 
Fiprrre 5.12: Develo~rrrort ofairti-recotrrbirrarrr harrrarr ervrl~ropoietin (a,1ti-rH~rEP0) antibodies. Treannerrr bvitlr rHrrEP0 300 

rle&ased, arid ~vlrer~ a P C V ~ ~  38% n,as'>eached tire dose of ~ H I I E P O  lvas illcreased & rlre initintior1 dose. No resporrsc was 
r~oted, ar~d the rHlrEPO was increasedjirrtl~er to 400 U/kg/lveck. Tlrc PCVcorltb~lced to decrease. As no orlrer cause for rHrlEP0 
resistatrce was found, antibody for~rzarion agairrst rHrrEPO >vassrrspectedar~d trearnrerrt discorrtisrrer(. 
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Oversl~ooti~~g treatment (dose too high or intervals 
too frequent) may result in absolute polycythaemia. 
Treatment should be withheld, and phlebotomy may 
be necessary. This is one reason why incremental dose 
therapy is recommended. 

Systemic hypertensioncandevelop inpatients with 
no prior record of bloodpressureproblems. The mecha- 
nisms by which rHuEPO therapy may increase blood 
pressure include increased blood viscosity, loss of 
hypoxic vasodilation and a direct vascular effect via 
increasedsynthesis of endothelin andother vasoactive 
substances (Mashio, 1995). Whether hypertension is 
responsible for the seizures seen in animals treated 
with rHuEPO is unclear. 

Resistance to treatment 
Some patients may require much higher doses of 
rHuEPO than others, creating the concept of EPO 
resistance, which parallels the insulin resistance 
that may occur in the therapy of diabetes mellitus 
(Figure 5.13). 

Development of anti-rHuEPO antibodies 
Iron deficiency 
Neoplastic disease 
Secondary hyperparathyroidism 
Inflammatory states, infection I Malnutrition 

Fizare 5.13: Possible c o r m s  o f  resislorrcc lo  ira,r?m> 

FUTURE DIRECTIONS 

Replacement therapy with rHuEPO has limitations 
owing to the heterologous nature of the molecule. 
Develoo~nent of antibodies against rHuEPO is not a " 
feature of replacement treatment in humans, and hence 
it is conceivable that use of a homologous product for 
dogs (recombinant canine EPO) and cats (recombinant 
feline EPO) would prevent the induction of antibodies 
against EPO. The EPO gene in dogs has been cloned, 
and its activity in vitro and in vivo has been proven in 
a mousemodel (Macleod etnl., 1998). Clinical studies 
are presently under way at several veterinary institu- 
tions in the United States, however no information 

concerning the commercial release of rCaEPO is avail- 
able. As long as heterologous EPO is used, a cominer- 
cia1 assay for anti-rHuEPO antibodies would improve 
the assessment of antibody status and resistance. 

The correction of anaemia might improve quality 
of life and alleviate some of the uraemic problems but 
it does not stop progression of renal disease, and other 
aspects of the uraemic syndrome may dictate euthana- 
sia. Haemodialysis is not generally available for the 
management of renal disease in dogs and cats, but with 
more widespreaduse, lifespanandquality of lifecould 
be improved. Renal transplantation in cats and dogs is 
restricted to only a few places. The problems to over- 
come are initially of an ethical nature. Successful renal 
transplantation will, however, bea major advancement 
and will resolve the anaemia of CRD along with other 
uraemic problems. 
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CHAPTER FIVE 

(iii) Immune-Mediated Haemolytic 
Anaemia 

Andrew Mackin 

INTRODUCTION 

Immune-mediated haemolytic anaemia (IMHA) is one 
of the most common causes of anaemia in small 
animals and is also one of the most prevalent immune- 
mediated diseases. AlthoughIMHAis often rewarding 
to treat, it is also often fatal if misdiagnosed or treated 
inappropriately, and practitioners are advised to de- 
velop a working familiarity with the clinical signs, 
diagnosis and treatment of the condition. 

IMHA can be subdivided into two main types: 
primary, idiopathic or autoimmune haemolytic 
anaemia (AMA) and secondary IMHA. AIHA is a 
classic autoimmune disorder with no recognized 
underlying cause. It is the most frequent form of 
IMHA in dogs and also occurs in cats, albeit less 
commonly. Although AIHA can occur in dogs of any 
age, breed and sex, the condition typically affects 
young adult and middle-aged animals and is particu- 
larly commonin certain breeds of dog such as Cocker 
Spaniels, English Springer Spaniels, Poodles, Old 
English Sheepdogs and Collies (Day and Penhale, 
1992; Klag et al., 1993; Day, 1996; Reimer et al., 
1999). Most studies report that the condition is more 
common in bitches, although several studies report 
no sex predilection (Jackson and Kruth, 1985; 
Halliwell and Gorman, 1989; Klag et al., 1993; 
Thompson, 1995; Reimer et al., 1999). 

IMHA can also occur secondary to a wide range of 
pathological processes, so called secondary IMHA. 
Many different infectious, allergic, inflammatory and 
neoplastic causes of secondary IMHA have been sus- 
pected in dogs and cats (Jackson and Kruth, 1985; 
Jones andGruffydd-Jones, 1991; Cotter, 1992; Lifton, 
1999; Noble and Armstrong, 1999), based predomi- 
nantly on associations with disease and extrapolation 
from similar phenomena in humans, although com- 
plete proof of causation is usually lacking. Relatively 
well documented causes of secondary IMHA include 
feline leukemia virus (FeLV) or infections with 
Haemobartonella felis in cats (Miller, 1999), and re- 
cent vaccination or haemolymphatic neoplasia (par- 
ticularly lymphoma) in dogs. Certain drugs may also 
trigger IMHA in small animals. Figure 5.14 lists the 
potential causes of secondary IMHA. 

Drugs 

Trimethoprimjsulphonamide* 
Penicillins 
Cephalosporins 
Levamisole (dogs)" 
Propylthiouracil (cats)* 
Non-steroidal anti-inflammatory drugs such as 
phenylhutazone 

Dipyrone 
Quinidine 
Chlomromazine 
. . . ,  
I~f&q&jg@.w&,. -~ - 

- - -.. .-. ,...- -- . . 8 .  , - : .FL ~' j": ' . , . . ,  . . . , .  8 

Feline lenkaemia virus infection* 
Haemobartonellosis (especially H. felis in cats)* - 

Babesiosis* 
Ehrlichiosis 
Leishrnaniasis 
Dirofilariasis 
, . E . > . . I "  "".>? .... - , .-. :...,. , , .. = , .=<. ., :. , .!. 
P , , . . < : . . . : ; ~ > .: 

Lymphoproliferative diseases (especially 
lymphoma, leukemia)* 

Haemangiosarcoma 

'&liscellaneous 

Post vaccinal* 
Bee stine envenomation 

Systemic lupus erythematosus* 
Transfusion reactions* 
Neonatal isoerythrolysis (especially in cats)* 
Antilymphocyte globulin therapy (transplantation 

Figure 5.14; Potentral causes of secondary immune- 
mediated huemolytic anaemra. *Underlyrng causes that are 
elther well documented in the dog and cat or strongly 
suspected on the baszs of compellrng anecdotal evrdence. 

Secondary IMHAaffec6animals of any age, breed or 
sexandshould bestrongly suspectedinpatientspresent- 
ing with a signalment atypical for AIHA, such as geri- 
atric animals. Unlike the dog, IMHA in the cat is most 
commonly secondary (Halliwell and Gorman, 1989). 
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Distinguishing between primary and secondary 
IMHA is important for treatment to be effective. Al- 
though both conditions can be similar clinically and 
diagnostically, secondary IMHA will not respond well 
to treatment unless the underlying cause is eliminated 
and will recur during remission unless repeat exposure 
to the cause is avoided. Practitioners, however, prob- 
ably overdiagnose primary or idiopathic IMHA be- 
cause, without meticulousattention to history, physical 
examination and diagnostic testing, the underlying 
causes of secondary IMHA may be missed. 

Although transfusion reactions and neonatal 
isoerythrolysis aretypes ofIMHAthey arenotcovered 
in this chapter (see Chapters 15 and 16). 

MECHANISMS OF RED CELL 
DESTRUCTION 

The mechanism underlying typical cases of IMHA is 
antibody-mediated cytotoxic (type11 hypersensitivity) 
destructionof circulating erythrocytes. Although most 
cases share this common mechanism, the disease is 
otherwise heterogeneous: in AIHA, the most studied 
form of IMHA, both the pattern of immunoglobulin 
and complement involvement in destruction of red 
blood cells (RBCs) and thesite of antibody attachment 
to RBC membranes varies widely between patients. 
Although the most common immunoglobulin type 
involved in AIHA is IgG, less commonly IgM or 
(rarely) IgA may also be implicated, along with vari- 
able involvement of complement (Jackson and Kruth, 
1985; Jones et al., 1990; Barker et al., 1992, 1993; 
Klag et al., 1993; Day, 1996). Antibodies may attach 

to various components of the RBCmembrane, particu- 
larly (but not exclusively) glycophorins (Barker et al., 
1991; Barker and Elson, 1995). 

In IMHA, antibody attachment to the membranes 
of RBCs triggers their destruction by several different 
mechanisms (Cotter, 1992; Jain, 1993). Inseverecases, 
with high levels of antibody attachment and comple- 
ment fixation, membranes may be so damaged that 
extracellular water leaks into the cytoplasm, causing 
swelling and rupture of the RBC while it is still in the 
circulation, so called intravascular haemolysis (Figure 
5.15). Since IgM is better than IgG at complement 
fixation, intravascular haemolysis is more likely in 
IgM-mediated IMHA. In less severe cases of IMHA, 
antibody attachment and subsequent cell membrane 
damage leads to an accelerated rate of destruction of 
affected erythrocytes by tissue macrophages within 
the mouonuclear phagocytic system (MPS), a process 
that occurs outside the circulation (extravascular 
haemolysis). Destruction of erythrocytes by the MPS 
is mediated by Fc receptors on the macrophage sur- 
face, which bind the Fc component of the antibodies 
attached to the RBC membranes (Figure 5.16). Be- 
cause the MPS is located throughout the body, extra- 
vascular haemolysis can occur in many organs but 
typically is most pronounced in the liver and, particu- 
larly, the spleen. In some patients with high levels of 
anti-RBC antibodies, many individual antibodies can 
each bind to two different erythrocytes, a process that 
cansesthe cells to clumptogether (agglutinate). Patients 
with significant RBC agglutination typically have an 
increasedrateofextravascularhaemolysis,sinceclump- 
ing of RBC facilitates their removal by the MPS. 

. - Y 

. . 

- 

Antibody :/- 
Osmotic cell lysis 

- 
Erythrocyte 

Figure 5.15: Mechanisms of intravascular 
haemolysis. High levels of antibody attachment 
and complenzentfisation can cause severe damage 
to circulating red blood cell (RBCJ membranes. 
Because RBC contents such as haemoglobin are 
osmotically active, the resultant increase in 
membrane permeability allows extracellular water 
to leakacross an osmotic gradient into the cell, 
leading to irttravascular swelling and rupture o f  
aflected cells. 

Figure 5.16: Mechanisnts of extravascular 
haemolysis. The Fc component of anti-red blood 
cell (RBC) antibodies attached to RBC membranes 
is recognizedand bound by Fc receptors located 
on the surface of tissue macrophages within the 
MPS. Although cell destruction by the MPS ispart 
ofthe normalprocess by which the body rentoves 
ageing red celkfrom the circulation, high levels of 
antibody-mediated macropkage-RBC binding in 
patients with IMHA leads to a greatly increased 
rate of extravascular RBC damage and 
phagocytosis by tissue macrophages 
(erythrophagocytosis). 
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Typically, IMHA is caused by antibodies directed 
against circulating mature RBCs, with the bone mar- 
row mounting a healthy regenerative response to the 
resultant anaemia (Jones and Gruffydd-Jones, 1991). 
In some patients, however, antibodies may also be 
directed against RBC precursors in the bone marrow at 
any stage in their development (Jonas et al., 1987; 
Weiser, 1992). Haemolytic anaemia with an inappro- 
priately poor regenerative response will develop if 
antibodies are directed against cell membrane compo- 
nents that are present both on mature RBCs and their 
marrow precursors. By contrast, if antibodies are 
directedagainst inembranecomponents that are present 
only onRBCprecursors in the bonemarrow and not on 
mature RBCs, non-regenerative anaemia will develop 
without peripheral haemolysis. Pure red cell aplasia 
(PRCA), in which all stages of RBC precursor in the 
bone marrow are noticeably reduced or absent, is the 
most extreme formofthis process (Jones and Gruffydd- 
Jones, 1991). 

In AIHA, autoantibodies are directed against com- 
ponents of the membranes of the patient's own RBCs. 
Although the same process can occur with secondary 
IMHA, antibodies may alternatively bedirectedagainst 
a foreign antigen (such as a drug or virus) that is 
attached to the RBC membrane, against normal mem- 
brane components of the RBC that are antigenically 
similar to non-RBC antigens that are associated with 
the underlying disease process or against membrane 
components that are normally hidden but are exposed 
by the underlying disease. 

CATEGORIES OF IMHA 

Typical IMHA is caused by antibodies that exert their 
effects at body temperature, so called warm reactive 
antibodies. Some animals, however, have anti-RBC 
antibodies that are only reactive at much lower tem- 
peratures. Although such cold reactive antibodies 
usually cause minimal harmful effects, their presence 
may cause specific clinical syndromes. Classically, 
IMHA has been subdivided into five main categories 
(Halliwell and Gorman, 1989; Stewart and Feldman, 
1993a; Thompson, 1995) based on the thermal 
reactivity of the anti-RBC antibodies and their 
major clinical effects at optimal temperature. These 
categories are: 

Aggl~itirzatiorz (warrr~ antibody type): high levels 
of antibody lead to detectable autoagglutination 
of RBCs (agglutination is usually associated with 
acute severe extravascular haemolysjs) 
Iiztravascular haerrtolysis (wan11 ailtibody type): 
intravascular haemolysis, usually associated with 
high levels of antibody and complement fixation, 
causes an acute severe anaemia with detectable 
haemoglobinaemia and haemoglobinuria 

Irtcorllplete arttibody (warn1 antibody type): anti- 
RBC antibodies cause extravascular haemolysis, 
without detectable autoagglutination or 
haemoglobinaemia/haemoglobinuria (disease 
onset is often chronic or subacute, and resultant 
anaemia varies from mild to severe) . Aggl~itinatiort (cold antibody type): anti-RBC 
antibodies are only reactive at cold temperatures, 
and agglutination does not occur at body 
temperature. Agglutination can, however, occur 
within the vasculature of the extremities, 
particularly in colder weather. Obstruction of the 
blood supply to the peripheral vasculature due to 
agglutination and thrombus formation can lead to 
ischaemic necrosis of the ear or tail tips, the end 
of the nose, and the foot pads - Non-agglutinatirzg haerr~olysis (cold antibody 
type): antibodies are only reactive at cold 
temperatures, and haemolysis does not occur at 
body temperature (in cold weather, however, 
some degree of haemolysis may occur within the 
vasculature of the extremities, which manifests 
clinically as transient haemoglobinaemia and 
haemoglobinuria). 

Although the above categorization system is de- 
rived by extrapolation from human medicine, all five 
categories of IMHA have been reported in small ani- 
mals. Fortunately (since both cause severe, acute and 
life-threatening disease) the agglutinating and intra- 
vascular haemolysing warm antibody types of IMHA 
are relatively uncommon in small animals, and the 
comparatively milder incomplete warm antibody type 
predominates. Agglutinating and (especially) haemo- 
lysing cold antibody types of IMHA are rare in both 
dogs and cats (Halliwell and Gorman, 1989). 

CLINICAL SIGNS 

Clinical signs typically associated with most cases of 
IMHA reflect the presence of both moderate to severe 
anaemia (lethargy, weakness, pale mucous membranes, 
haemic heart murmur) and compensatory responses 
caused by tissue hypoxia and stimulation of the sympa- 
theticnervoussystenl(tachypnoea, tachycardia, bound- 
ingpulses) (Klagctal., 1993;Reimeretal., 1999). Some 
patients may also show clinical signs of an ongoing 
immunologicalorinflammato~yprocess,suchaspyrexia, 
anorexia and, uncommonly, lymphadenopathy (Klag et 
al., 1993). Surprisingly,sincetheMPS withinthespleen 
and liver is usually the main site of RBC destruction, 
splenomegaly and/or hepatomegaly are only variably 
present in animals with IlcMA (Jackson and Kruth, 
1985; Klag et al., 1993; Reimer et al., 1999). 

Patients with IMHA of acute onset tend to be 
severely affected by their anaemia and are often de- 
pressed, weak or even collapsed. Transient hyper- 
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bilhbinaemia, bilirubinuria and tissue jaundice (Fig- 
ure 5.17) may occasionally be seenduringacute severe 
episodes of IMHA whereas, because intfavascular 
haemolysis is uncommon, haemoglobinaemia and 
haemoglobinutia are observed infrequently. Patients 
with extravascular haemolysis due to subacute or 
chronic IMHA can compensate to some extent for their 
lack of erythrocytes and may be bright despite the 
presence of severe anaemia. In these patients, the liver 
can often cope with the extra bilirubin released by the 
breakdown of RBCs, and jaundice does not occur. 

Figure 5.17: Severe extmvascular haemolysrs in a dog that 
presented w&h severe IMHA. Acute extravascular haemolysrs 
and resultant bzlrrubin product~on overwhelmed hepatrc 
mechanisms ofbilrrubrn uurake, conrunarton and excretion, 
leading to prdfound tissuk jaundice.-~ie dog was severely 
anaemic, weak and depressed. 

Pulmonary thromboembolism is a well recognized 
complication of IMHA, and is particularly commonin 
those animals with acute severe anaemia that are 
receiving highdose glucocorticoids (Bunch et al., 
1989; Klag et al., 1993; Day, 1996). Pulmonary 
thromboembolismshould always be suspectedin anae- 
mic patients that suddenly develop severe and persist- 
ent dyspnoea. Disseminated intravascular coagulation 
(DIC) can also complicate severe cases of IMHA 
(Cotter, 1992; Klag et al., 1993). 

DIAGNOSIS OR IMHA 

Haematology inpatients with lMHA typically shows a 
moderate to severe anaemia, which is most commonly 
extremely regenerative, withanisocytosis, polychroma- 
sia, ahighcorrectedreticulocyte count and, sometimes, 
increased numbers of nucleated RBCs. Reticulocyte 
counts can, however, sometimes be inappropriately low 
(Jones and Grnffydd-Jones, 1991; Klag et al., 19931, 
either because anaemia is peracute (since it takes about 
5 days for the marrow to mount a strong regenerative 
response) orbecause antibodies are also directedagainst 
RBC precursors. White cell and neutrophil counts are 
often moderately to profoundly increased, probably in 
response to both non-specific marrow stimulation and 
the inflammatory process associated with the break- 
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downof RECs (JacksonandKruth, 1985; Weiser, 1992; 
Jain, 1993; Day, 1996). Occasionally, white cell counts 
can be high enough to mimic myelogenons leukaemia, I 

a reaction sometimes called a 'leukaemoid response'. I 
Platelet counts areusually normal unless theanimal also 
has immune-mediated thrombocytopenia (IMT). Con- 
cwentIMHAandthrombocytopenia,aconditionl 
asEvan'ssyndrome,may affectupto about 10% of dogs 
with IMHA (Klag et al., 1993). 

Haematology can often give clues that suggest a 
specificaetiologicaldiagnosis, namely, spherocytosis, 
agglutination and other REC abnormalities. 

Spherocytosis 
Spherocytes aresmallsphericalerythrocytesthat, when 
present in high numbers, strongly suggest a diagnosis 
of IMHA (Halliwelland Gorman, 1989; Weiser, 1992; 
Thompson, 1995). Spherocytes are formed when 
macrophages remove a piece of RBC membrane with- 
out cell destrnction or a significant loss of cytoplasmic 
contents (Figure 5.18). 

I 
Fimre 5.18: Soherocvte formation (1) Antlbodv-coated 
er;fhrocytes a h  recognized and bound by Fc receptors on 
macroohaaes. (2) Rather than uhanocvtose and destroy the . . - .  
erythrocyte completely, rhe macrophage then removes a 
piece of RBC membrane before releasing the cell back rnto 
the circulation. (3) Because the unchangedvolume of RBC 
cytoplasm must now be contamed within a lesser amounf of 
membrane, the cell adopts a spherrcal shape. Spherocytes 
are recoanized on a bloodsmear as a small dense RBC with 
a loss ofcentralpallor and may be registered by automated 
huematology analysers as a decrease in mean corplrrcular 
volume. Soherocvtesare difficult to identifi in the cat asnormal 
~ ~ ~ s t e n h t o  be huhsma~eranddense;;han those in the dog. 
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Agglutination 
Examination of blood smears may show microscopic 
autoagglutination (clumping) of erythrocytes. Such 
agglutination can form large rafts of RBCs that, on 
close inspection of a tube containing anticoagulated 
blood, are visible to the naked eye as multiple red 
speckles (Figure5.19). Similarspeckles can, however, 
he created by rouleaux formation, a phenomenon that 

can occur in normal animals, especially cats. Practi- 
tioners should therefore perform a slide agglutination 
test (Figures 5.20 and 5.21) to differentiate rouleaux 
from genuine autoagglutination (Halliwelland Gorman, 
1989; Cotter, 1992; Thompson, 1995). Apositive test 
result with slide agglutination is highly suggestive of 
IMHA and also suggests that the condition is likely to 
he acute and severe. A negative test result, however, is 
the most common result in patients with IMHA since 
most animals have non-agglutinating antibodies. 

Automatedhaematology analyserssometimesregis- 
ter a clump of agglutinated erythrocytes as a single 
cell, often of a size too large to even he recorded as a 
RBC (Weiser, 1992). Resultant erroneous results may 
include an artifactually high mean corpuscular volume 
(MCV) or, if clumped cells are not recognized as 
erythrocytes, lowering of the calculated haematocrit 
(Cotter, 1992). Since the haemoglobin withinalleryth- 
rocytes is still measured by the analyser, this leads to 
an erroneously high estimation of mean corpuscular 
haemoglobin concentration (MCHC). When aggluti- 
nation is sus~ected to be the cause of a lower than 

Figure 5.19: EDTA-andcoagulated blood samplefrom a dog e x p e c t e d h a e ~ t o c ~ t , p a c ~ ~ c e ~ V o ~ u m e  (PC"), which 
with severe IMHA, showing the appearance of gross 
autoagglutination. Large clumps of agglutinated red cells is not affected by RBC clumping, should be monitored 
are visible n, the naked eye as red speckles lining the by microhaematocrittube centrifugationratherthanan 
vacutainer tube. automated analyser. 

Saline added 

I - 
Antibodymediated agglutination 

fa) 
Gross granubrity 

Figure 5.20: Agglutination is associated with a 
high level of anti-red blood cell (RBC) antibody and 
is caused bv antibodies that anach to more than one 

Persistent granularity 
Pcslthre b t  mult  

RBC, therdby drawing the cells together into one 
large clump. (a) Large clumps are visible as 
speckling or granularity in a drop of anticoagulated 
bloodplaced on a microscope slide and viewed 
against a white background. Persistence of such 
visible granularity for I to 2 minutes after the blood 
has been mixed with a small amourzt of normal - 
saline is considered to be a positive test result with 
slide agglutination. (6) ~ouieaur, orstaackPdRBCs, 
can also appear as speckles to the naked eye, but 
the granularity clears within afew minutes of 
adding saline, at a ratio of one drop of saline to one 
drop of blood in dogs and two or three drops of 
saline to one drop of blood in cats. A negative test 
result with slide agglutination is indicated by either 
an absence ofgranularity or clearance of 

I Rouleaux tormation I granularity after the addinon ofsaline. Slide 
agglutination is bestpe$ormed at room 
temperature or above. False positives can occur at 
lower temperatures, although a positive test result 
at 40C in an animal with necrosis of extremities 
supports a diagnosis of cold agglutinating IMHA. 
4fter completion of a slide agglutination test, a 
coverslip may be placed over the blooqsaline mix 
and the slide examined microscopically to confirm 
the presence of RBC agglutination. 
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Figure 5.21: Typical appearance of apositive test result with 
slide agglutination. 

Other red blood cell abnormalities 
Careful examination of RBC morphology may suggest 
an underlying cause of either immunological or non- 
immunological haemolysis. Diagnostically usefnlRBC 
abnormalities include detection of parasites such as  
Haemobartonella felis (which may cause secondary 
IMHA), Heinz bodies (suggesting haemolysis second- 
ary to oxidative damage) and schistocytosis (suggesting 
a microangiopathic haemolytic process such as DIC). 

Sernm biochemistry andurinalysis are often normal 
in dogs with IMHA. Potential abnormalities in some 
patients include mild to moderate increases in concen- 
trations of liver enzymes (thought to indicate hepatic 
hypoxia secondary to severe anaemia) and variable 
hyperglobulinaemia @lag e t  al., 1993). Since serum 
albumin is usually normal, hypoalburninaemia is an 
unexpected finding that may suggest anaemia is due to 
occult blood loss rather than haemolysis, or that the 
patienthasaconcurrent ilhess. Mildtomoderatehyper- 
bilirnbinaemia and bilimbinnria may occur transiently 
in animals with acute severe anaemia. Since the liver is 
usually able to cope with all but the transient over- 
whelming loads of b i i b i n  produced by acute severe 
haemolysis, severe hyperbihb'maemia or persistence 

of jaundice for more than 3-5 days (even in profoundly 
anaemic animals) usually indicates concurrent hepatic 
disease or biliary obstruction. Haemoglobinaemia and 
haemoglobinuria are uncommon transient events that 
indicatesevereintravascularhaemolysis (Weiser, 1992). 

Immunological testing 
Specific immunological testmg can be used to support 
a tentative diagnosis of M A .  The most widely used 
test is the direct antiglobulin test (DAT) or Coombs' 
test (Halliwell and Gorman, 1989), which detects 
antibodies and/or complement bound to RBC mem- 
branes (Figure 5.22). A standard DAT as provided by 
most laboratories typically uses a mix of antibodies 
directed against IgG, IgM (to a variable extent) and 
complement, and is performed at body temperature 
(Jones e t  al., 1990; Cotter, 1992; Thompson, 1995). 
Modifications of the routine screening DAT that may 
increase its diagnostic value inclndemnning the test at 
different temperatures, using individual antibodies 
against IgG, IgM, IgA and complement as well as the 
standard polyvalent antibody/complement mix and 
fully titrating these reagents (Jones et al., 1990; Day, 
1996). Positive DAT results at 4"C, however, are of 
minimal diagnostic significance unless the patient has 
clinicalsignsconsistentwithcoldantibody type agglu- 
tination or intravascular haemolysis (Halliwell and 
Gorman, 1989; Cotter, 1992; Weiser, 1992). 

Stricdy interpreted, apositiveDATresult supportsa 
diagnosis of IMHA, whereas a negative test result 
suggests a non-immunological cause of haemolysis. 
Numerous studies, however, have shown that a DAT 
can often be of only mediocre diagnostic accuracy: 
althoughsensitivity andspecificityimprovewithmeticn- 
lous attention to test methodology, both false positive 
and falsenegative results do occur relatively commonly 
(Jones etal.,  1990; Cotter, 1992; Weiser, 1992; Stewart 
and Feldman, 1993b; Thompson, 1995; Miller, 1999). 
Practitioners should therefore be aware that sinceIMHA 
can occur in the presence of a negative DAT result and, 

Figure 5.22: Direct antiglobulin (Coombs') test. 
Species-specijc antiserum containing antibodies 
directed against either dog or cat immunoglobulin 
(IgG, ZgM and sometimes, IgA) and cofnplement, 
either individually or os apolyvalent mixtwe, is 
added to a washedsuspension of erythrocytesfrom 
the patient. When the patient's cells are coated 
with antibody and/or complement, the addition of 
antibodies directed against these particular 
components cawes visible red blood cell (RBC) 
agglutination (a positive test result). In this 
example, illustrating a typical case of IMHA in a 
dog, thepatienf 's cells are coated with both 
antibody (IgG) and complement. When a standard 
antiserum containing antibodies against dog IgG 
and complemenr is added to the washed red cells 
and the mixture is incubated antibodies bind to 
IgG or complenfent anached to more than one 
RBC, thereby causing cell clumping and visible 
agglutination. 

www.vet4arab.co.cc



Immune-Mediated Haemolytic Anaemia 73 

conversely, a positive test result does not absolutely 
prove the presence of IMHA, sorneti~nes a diagnosis 
must be based on clinical judgement despite the pres- 
ence of an apparently discrepant DAT result. Perfonn- 
ing a DAT is, however, still recommended inall patients 
withsuspected IlWIAeven ifcriteria such asspherocy- 
tosis or a positive test result with slide agglutinatioil 
already strongly suggest a diagnosis, since a positive 
DAT result will add support to the diagnosis and char- 
acterize the disease fi~rther by determining the involve- 
ment of various immunoglobulintypes and complement. 

Various other im~nunological tests for detecting 
anti-RBC antibody have been reported, including an 
enzyme-linked immunosorbent assay (Campbell and 
George, 1984) and a direct enzyme-linked antiglobu- 
lin test (Barker et al., 1992; 1993). Although some of 
these tests may arguably be more sensitive than the 
DAT, they are not commonly available. Regardless of 
whether a DAT or an alternative test for anti-RBC 
antibody is used, however, clinicians should be aware 
that apositive test result merely records the presence of 
antibody and does not determine whether IMHA is 
primary (AIHA) or secondary. 

Uncommonly, IMHA (with or without IMT) will 
be merely one component of systemic lupus erythema- 
tosus, a ~nultisystemic im~nunological disturbance. 
Measurement of serum antinuclear antibody (ANA) is 
therefore indicated in those patients displaying in- 
volvement ofmore than onebody system,suchasIMT, 
glomerulonephritis, polyarthritis, polymyositis or 
immune-mediated skin disease. By contrast, ANA is 
not indicated (and is usually negative) in those patients 
suspected of having ~lncomplicated IMHA. 

Identification of underlying disease 
Since IMHA is oftem secondam. oarticularlv in cats ,. . 
and i r ~  dogs i v i t l ~  atypic;il sig~lalrnent, co~ilinn;~rior~ oi  
IMHA ib 1101 necesbarily  he e~icIoitl~eJi;~yi~ostic trail. 
Primary or AIHA can only be diagnosed with absolute 
certainty once potential hiddenunderlying causes have 
been thoroughly investigated. Unfortonately. this 
presentspractitioners withadilernma: althoughIMHA 
is unlikely to be treated effectively unless underlying 
causes have been identified and eliminated, a complete 
search for such causes can be time consuming, expen- 
sive, potentially invasive and, in the case of primary 
IMHA, ultimately fruitless. Standard and relatively 
inexpensive screening tests for underlying disease that 
ideally should be performed in all animals with IMHA 
include haematology (with careful examination of a 
blood smear), serum biochemistry, urinalysis, thoracic 
and abdominal radiography and, in cats, testing for 
retroviruses (particularly FeLV). Further tests that 
might be considered in some patients, particularly 
elderly animals in which underlying neoplasia (espe- 
cially occult lymphoproliferative disease) is a real 
possibility, include abdominalultrasonography, lymph 
node aspiration cytology and bone marrow analysis. 

Bone marrow analysis 
Bone marrow analysis (aspiration cytology and/or 
core biopsy histopathology) is also indicated in all 
patients with suspected non-regenerative forms of 
IMHA. PRCA is characterized by a relative or com- 
plete lack of RBC precursors within the bone marrow, 
whereas cytological or histopathological evidence of 
an erythroid 'maturation arrest' (preponderance of 
immature RBC precursors, with an absence of more 
mature RBC precursors) suggests that, rather than 
being directed against early stem cells, antibodies are 
directed against a later stage of RBC development in 
the bone marrow (Jonas et al., 1987; Holloway and 
Meyer, 1990). Marrow cytology and/or histopath- 
ology may also reveal macrophages phagocytosing 
erytl~rocytesorRBCprecursors (Holloway andMeyer, 
1990). In such patients, techniques such as immuno- 
fluorescent or immunoperoxidase staining of bone 
marrow samples may confinn the presence of antibod- 
ies directed against RBC precursors (Stewart and 
Feldman, 199313). 

MANAGEMENT OF IMHA 

The cornerstone of the management of IMHA is im- 
munosuppressive therapy, particularly with 
glucocorticoids. The major mechanisms of immuno- 
suppressive therapy in general are to decrease anti- 
RBC antibody synthesis, decrease the binding affinity 
between antibodies and erythrocytes and decrease 
destructionofantibody-coatedcellsby theM (Miller, 
1992) (Figure 5.23). Even if new anti-RBC antibody 
synthesis by plasma cells is arrested immediately, pre- 
existing im~nunoglobulins may survive in the circula- 
tionfora weekormore, thereforereductio~~of antibody 
synthesis is usually not an important part of the initial 
treatment of IMHA. 

Initial ininiunosuppressive therapy 
Initial immunosuppressive therapy for dogs and cats 
with IMHA usually consists of oral prednisolone (or 
preduisone; not licensed for veterinaly use in the UK) 
at astartingdoseof2 to41ng/kg/day, givenonce daily 
or split twice daily (Stewart and Feldman, 1993b). 
Some authors recommend commencing treatment 
with an immediate intravenous dose of injectable 
glucocorticoids (most co~nmonly dexamethasone at a 
dose of about 0.1 to 0.2 mg/kg) before co11111lencing 
oral drugs (Thompson, 1995), but there is little evi- 
dence that this hastens response to therapy. The most 
important short-term effect of glucocorticoids is in- 
hibition of the MPS, sometimes termed a 'medical 
splenectomy'. Treatment fesponse is rarely immedi- 
ate: when glucocorticoids alone are effective, an 
increase in PCV usually occurs 3-7 days after com- 
mencing therapy but can be delayed for as long as one 
month (Stewart and Feldman, 1993b). 
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(a) Decrease antibody 
synthesis 

(bl Decrease 
antibodyall 

binding affinity 

(cJ Impair cell 
destruction of the 

mononuclear 
phagocytic system 

thioprine is a much safer drug for long-term use and, 
since there is minimal clinical evidence to support the 
contention that this drug is less efficacious or slower to 
effect than cyclophosphamide in dogs with IMHA 
(Cotter, 1992), it is probably the immunosuppressive 
agent of choice. 

Evenwhennotcommencedduringthe initialtherapy 
of canine IMHA, cyclophosphamide or azathioprine 
often needs to be added within a few weeks of starting 
treatment with corticosteroids (Stewart and Feldman, 
1993b). Indications for concurrent immunosuppres- 
sive agents are a failure to respond to glucocorticoids 
alone or intolerable side effects to steroids, such as 
polydipsia, polyuria, polyphagia and tachypnoea. Ad- 
dition of these agents often enables a more rapid 
reduction in corticosteroid doses. 

Cats do not tolerate immunosuppressive agents as 
well as dogs, and it is often difficult to breakstandard 
tablets down to sizes small enough to safely dose cats. 
Cats are, however, tolerant of long-term high doses of 
glucocorticoids, and most cats with IMHA will re- 
spond to steroids alone. For this reason, azathioprine 
(at arednceddose of 0.3 mg/kg/day) or cyclophospha- 
mide (same dose as recommended for dogs) is rarely 
needed. 

Figure 5.23: Irrr,nunusuppre.ccive a,qmr.\ cnn redrcrr inlmunr- 
rnediurrd rle~rruc1,on o f  red blood rclls [RRC'r, be sew rdl Supportive/ancillary therapy 
diffrrenr ,ne~~lmnronz. (a1 Munv uatanr.c ewrnrlrullv reduce Paticn~q with severe anacmia have genewli7ed tissue 
,, . . . .. 

uno  RRC ~ r h r s i s  hyplus~na cells a/rh,~uph, srncr 
immunoalobull,~~ have u i,ircrclarina holf'li/> or,nore rhrrr~ n . .  . 
week this effect is rarely immediately beneficial. Several 
otherprocesses may be more rapidly effective: (b)  some 
agents may reduce the binding afinity of anti-RBC 
antibodies to the erythrocyte surface membrane, (c)  whereas 
many drugs will, by various mechanisms, impair RBC 
destruction of the mononuclear phagocytic system. 
Glucocorticoids, the most important immunosuppressive 
agents used to treat IMHA, exert their beneficial effects by 
aN of the illustrated mechanisms. 

Many dogs with IMHA do not respond adequately 
to glucocorticoids alone and require additional immu- 
nosuppressive therapy. Commencing treatment with 
glucocorticoids and concurrent azathioprine (starting 
dose 2 mglkglday orally) or cyclophosphamide (start- 
ing dose 50 mg/m2 every second day orally) is recom- 
mended at the time of diagnosis in those dogs with 
clinical evidence of severe IMHA (Cotter, 1992; Lifton, 
1999) such a s  profound anaemia (PCV of less than 
lo%), signs of major clinical compromise @articu- 
larly weahess, stupor and collapse), a positive test 
result with slide agglutination and jaundice or haemo- 
globinaemia/haemoglobinuria. 

Some authors prefer cyclophosphamide to azathio- 
prine, primarily because cyclophosphamide may be a 
more potent and rapidly acting immunosuppressive 
agent. However, cyclophosphamide predisposes dogs 
to severe and refractory sterile haemorrhagic cystitis 
and is therefore not suitable for chronic therapy. Aza- 

hypoxia and benefit from reducing oxygen demand by 
instituting strict cage rest until anaemia responds to 
therapy. Severely compromised patients can also be 
supported with oxygen supplementation. Haemoglobin 
oxygen saturation is, however, already near maximal, 
and supplementation with oxygen therefore increases 
saturation only minimally. Oxygensupplementationis 
also laborious and expensive. Because patients with 
haemolytic anaemia have a normal blood volume, 
fluid therapy is of little benefit and may contribute to 
volume overload. 

Patients with IMHA are prone to pulmonary 
thromboemholism and DIC (Cotter, 1992; Lifton, 
1999), particularly those with severe anaemia and/or a 
positive test result with slide agglutination and those 
requiring transfusion, therefore some clinicians rec- 
ommend heparin be used prophylactically during the 
hospitalizationofseverely affectedanimals (Thompson, 
1995). The true efficacy of such prophylactic therapy 
is, however, unknown (Miller, 1999). A safe low dose 
of heparin that does not cause spontaneous bleeding 
and does not require careful monitoring of coagulation 
parameters is 75 to 100 U/kg three to four times daily 
subcutaneously (Cotter, 1992; Stewart and Feldman, 
1993h). 

Transfusion 
Cage rest and standard immunosuppressive drugs are 
successful inmost dogs and cats with non-life-threaten- 
ing IMHA. However, initial response to therapy can 
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sometimes be sluggish (a week or more), particularly 
in those animals with poor bone marrow responsive- 
ness due to either peracute anaemia or immune-medi- 
ated damage to RBC precursors. In the meantime, 
transfusion may be needed to support those patients 
with life-threatening acute and severe anaemia (PCV 
less than 10% or signs of severe compromise, such as 
collapse or stupor). Transfused red cells often have a 
very short lifespan (daysor evenhours) inpatients with 
IMHA, and transfusions may actually increase the rate 
of haemolysis (Halliwell and Gorman, 1989). For this 
reason, transfusions should be avoided when possible 
instablepatientswithIMHA(Thompson, 1995;Miller, 
1999). In those patients that are severely compro- 
mised, however, transfusions are life-saving andshould 
not be withheld (Klag ct al., 1993; Miller, 1999). 

Whole blood may be safely transfused at a rate of 
up to 20 ml/kg/h, usually at a maximum daily volume 
of 20 ~nl/kg. Multiple transfusions as often as every 
one or two days may be needed in severely affected 
animals. Since patients withIMHAarenormovolaemic, 
volume overload after transfusion can become a sig- 
nificant risk in animals that have already recently 
receivedhigli volumes of blood or other fluids. In these 
patients, blood transfusions sl~ould be given slowly 
(maximum rate of 4 ml/kg/h). When available, packed 
RBCsarepreferable to whole blood. Sincecrossmatches 
are often positive in patients with IMHA (because the 
animal has antibodies against its own RBC and can 
even 'crossmatch' positive against its own and donor 
blood), compatible donors should be used if blood 
typing is available (see Chapters 15 and 16). Bovine 
polymerized haemoglobin has recently become avail- 
able as a safe and effective (although often prohibi- 
tively expensive) alternative means of providing 
temporary oxygen-carrying support for severely anae- 
mic patients. 

Monitoring response to therapy 
Haematocrit should be monitored daily until an appre- 
ciable response to immunosuppressive therapy is ob- 
served and the PCV increases above about 15% in cats 
and 20% in dogs, after which PCV should be moni- 
tored at least weekly until anaemia resolves com- 
pletely. Given an adequate treatment response, dnig 
therapy should be gradually tapered to an acceptable 
maintenance dose that can be given safely long term 
without significant side effects. In dogs, prednisolone 
and azathioprine can often both be tapered to 0.5 to 1 
mg/kg every second day, a maintenance dose that is 
usually well tolerated. Similar maintenance doses of 
prednisolone may be achievable in cats although, as 
side effects from steroids are typically minimal, higher 
doses are also usually acceptable. Since cyclophos- 
phamide therapy can eventually cause sterile cystitis 
(which can be irreversible) or even bladder neoplasia, 
there is no safe maintenance dose of this particular 
drug. Both cyclophosphamide and azathioprine can be 

unpredictably myelosuppressive, therefore white cell 
counts should be regularly monitored throughout 
therapy (Cotter, 1992). Furthermore, as azathioprine 
can(rare1y) causeanidiosyncratic hepatotoxicity, liver 
enzymes should also be monitored regularly for 
increases far beyond those expected with glncocorti- 
coid therapy alone. 

One simple approach to tapering therapy in stable 
patients with IMHA is to recheck PCV about every 2 
weeks and then, if anaemia is still in remission, to 
reduce the dose of one drug by 50% after each visit. In 
animals receiving several ilnmunosuppressive agents, 
the drilg that is causing the most side effects is tapered 
first. In most instances this means that pred~iisolone is 
tapered first and, once steroid doses are low enough to 
cause no side effects, then the other drug is similarly 
tapered. Once a well tolerated maintenance dose of all 
drugs is attained, therapy should ideally be continued 
for at least a further 3 months, with monthly monitor- 
ing of PCV. Presuming that an underlying cause of 
IMHA has not been identified and eliminated, tapering 
therapy too rapidly increases the risk of a life-threaten- 
ing relapse. Clinicians should be aware that chronic 
azathioprine therapy can cause a mild non-regenera- 
tive anaemia (PCV greater than 30%) in dogs. This 
causes no patient compromise, and persistence of a 
mild anaemia in patients on this drug is not a reflection 
of inadequate treatment. 

Once anaemia has been in remission for 3 to 6 
months, therapy can be cautiously withdrawn. Haem- 
atocrit should be monitored regularly over the months 
following cessation of therapy. Patients with a poor 
regenerative response, particularly those with severe 
immune-mediated marrow disease such as PRCA, can 
takemany months torespondtotherapy (Cotter, 1992). 
Such ani~nals sl~ould besupported with an initial blood 
transfusion followed by standard immul~osuppressive 
therapy (Jonas ct al., 1987). Because destruction of 
peripheral erythrocytes is often minimal in animals 
with immunological marrow disease, donated red cells 
may surviveinthecirculation forup toseveral months. 
Although immunosuppression may not cause an in- 
crease in PCV for up to 3 months, response to therapy 
can be detected earlier by careful monitoring of serial 
reticulocyte counts or bone marrow samples. 

Advanced emergency therapy 
Despite appropriate standard therapy and multiple 
transfusions, some patients with IMHA succumb to 
acute severe anaemia during the first week or two of 
treatment. Beneficial treatment options in an emer- 
gency include high-dose human intravenous 
gammaglobulin, plasmapheresis and splenectomy. 

High-dose hurr~au i~rtravenous garnmaglobulin 
High doses of intravenous gammaglobulin have been 
shown to occasionally cause rapid (and sometimes 
sustained) remission of various immunohaemato- 

www.vet4arab.co.cc



76 Manual of Canine and Feline Haematology and TI .ansfusion Medicine 

logical disorders in humans, including IMHA (Miller, 
1992) (Figure 5.24). The product used in humans, as 
a 12 hour intravenous infusion at doses ranging from 
0.5 to 1.5 g/kg, has beenshown to have thesame effect 
insomedogs, without apparentside effects (Kellerman 
and Bruyette, 1997; Scott-Moncrieff and Reagan, 
1997). The product can, however, be prohibitively 
expensive, especially in large dogs. 

Antl-RBC 
ant~bad~er Human 

immunoglobulins 

Figure 5.24: High dose gammaglabulin is a bloodproduct 
created by extracting, concentrating and pooling a Soup' of 
many difering antibodiesfrom numerous human donors. 
One proposed mechanism of action is that, since such a wide 
and heterogenous range of immunoglobulins are contained 
within hiah dose aammaalobulin, the oroduct mav actually " - 
runturn unri1)odies rhur ore sprcificaN~ dirrrrrdn~urtr.st rlrtrr 
rrapient 'F own unl t - r~d bloc~d ~ . r l l  IRBC, u~tr~bu~lies, thrretq 
bindcng and rnuclivarinfi rhrm (black arron.1. Howr,,cr, the 
moin rff%cr of high dose wo,,r,nafikrbnlrr~ is to corurutc the Fc .. . - - - 
receptors of the mononuclear phagocytic system with excess 
donated antibodres, ieavrngfew receptors available to bznd 
to the patient's own antr-RBC antrbodres attached to the RBC 
surface membrane. 

Plasmapheresis 
Plasmapheresis is an effective method of rapidly re- 
moving unbound anti-RBC antibodies from the circu- 
lation, although antibodies that are already hound to 
RBC membranes will persist and may cause ongoing 
disease (Matus et al., 1985; Miller, 1992). 

Splenectomy 
As the spleen is usually the major site of RBC destmc- 
tion in IMHA and is often also an important site of 
antibody production, splenectomy can be effective at 
attaining rapid remissions in patients with life-threat- 
ening disease (Miller, 1992). The procedure is risky, 
especially in unstable patients, and response rates are 
highly unpredictable (Jackson andKmth, 1985), prob- 
ably because other organs in the MPS (particularly the 
liver) continue to destroy red cells. Fwthermore, for 
the remainder of their lives splenectomized animals 
will have anincreased susceptibility to systemic infec- 
tion and blood-borne parasites such as Huemobur- 
tonella (Thompson, 1995). 

Chronic refractory IMHA 
An initial adequate response to standard immunosup- 
pressive therapy does not necessarily guarantee that 
patients with IMHA will be simple to manage in the 
longer term In some patients anaemia relapses as 
therapy is tapered. Persistence withhigher than main- 
tenance doses of glucocorticoids and other immuno- 
suppressive agents is, however, not an acceptable 
alternative due to drug side effects. In these patients, 
additional treatments that may then permit an accept- 
able dose reduction of the standard drugs include 
danazol and cyclosporin. 

Danazol 
Danazol (an impeded androgen), in combination with 
other immunosuppressive therapy, has been reported 
to cause an eventual partial or complete remission of 
IMHA in some dogs (Stewart and Feldman, 1993b). 
Danazol may therefore be worth considering (at a dose 
of 5 mg/kg two to three times daily orally) in chronic 
cases that are refractory to standard treatment alone 
(Stewart and Feldman, 1993b). Results of a recent 
study, however, indicate that many dogs will not 
detectably respond to the drug (Miller, 1999). The 
most important mechanism of action of danazol is 
probably to reduce the MPS Fc receptor/antibody 
biding affinity. Side effects, which are uncommon, 
include masculinization of bitches and idiosyncratic 
hepatotoxicity. Danazol is expensive, however, and 
even when effective can take months to achieve maxi- 
mum efficacy (Stewart and Feldman, 1993b). 

Cyclosporjn 
Cyclosporin A, a selective T-cell immunosuppressant 
that blocks amplification of the immune response, has 
been used to treat dogs with refractory IMHA (Miller, 
1992; Gregory, 1999). Initial oral daily doses of 
cyclosporin of either 10-25 mg/kg (olive oil-based 
suspension) or 4-15 mg/kg (microemulsion) are ad- 
justed to attain trough whole blood concentrations of 
the dmg of at least 500 ng/ml (Gregory, 1999). 
Cyclosporin A is expensive and can cause 
gastrointestinal disturbances, gingival hyperplasia and, 
uncommonly, nephrotoxicity or hepatotoxicity. 

Sometimes, one of the emergency treatments for 
IMHA, such as splenectomy or intravenous 
gammaglobulin, may 'kick start' refractory chronic 
cases and render standard therapy more effective. 
Spleuectomy, in particular, may on occasion permit 
subsequent significant reductions in immunosuppres- 
sive drug dosage. This beneficial effect is, however, 
inconsistent and unpredictable. 

Secondary IMBA 
Whenever an underlying cause of IMHA can be iden- 
tified and eliminated, ongoing specific drug therapy is 
often not necessary. In contrast, drugs are unlikely to 
be able to be discontinuedwhile theunderlying disease 
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process persists. Drugs or vaccines given over the 4-6 
week period before onset of IMHA should be avoided 
in the future whenever possible. Whe11 IMHA is not 
associated with recent vaccination, however, there is 
probably no need to modify or avoid routine vaccina- 
tions in the future. 

and Gorman, 1989). Cats withIMHA should therefore 
always be tested for FeLV. Cats with IMHA that are 
positive for FeLV often initially respond well to stand- 
ard immunosuppressive therapy, although long-term 
prognosis is poor. Cats with H. felis infection typically 
present with recurring episodes of haemolytic anae- 
mia. During anaemic crises, organisms may not be 
apparent, as affected cells are either destroyed or 
sequestered in the spleen. Organisms reappear on red 
cells during remission of anaemia and are discovered 
by serial blood smears. Cats with IMHA should prob- 
ably receive oral tetracycline or oxytetracycli~ie at a 
dose rate of 20 mg/kg three times daily, even if orgall- 
ismsarenot seenon initial smeal's. Concurrent immuno- 
suppressive therapy incats with H. felis infection is not 
contraindicated. In fact, as anaemia due to H. felis 
infection has an immune-mediated component, 
glucocorticoids are indicated during acute crises. 

PROGNOSIS 

Published mortality rates for IMHA are often high, 
ranging from about one-third to one-half of all pre- 
sented cases (Jackson and Kri~th, 1985; Halliwell and 
Gorman, 1989; Cotter, 1992; Klag etal., 1993; Reimer 
et al., 1999), with death/euthanasia usually attribut- 
able to either severe anaemia or pulmonary throm- 
boembolismduring the initial acutecrisis, or persistent/ 
recurrent disease or unacceptable drug side effects 
during chronic therapy. Negative prognostic indica- 
tors include the presence of profound jaundice or 
haemoglobinaemia/haemoglohinuria, a poor regen- 
erative response, and a positive test result with slide 
agglutination s l a g  etnl., 1993). As our understanding 
of IMHA increases and our treatment options expand, 
deaths due to this disease should become less frequent. 
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CHAPTER FIVE 

(iv) Haemobartonella felis 

Darren Foster 

INTRODUCTION 

Haeiitobartonella felis is a mycoplasma (previously 
classified as a rickettsia) that parasitizes the red blood 
cells W C s )  of cats. It has a worldwidedistribution. The 
clinical condition with variable signs, including regen- 
erative anaemia, pyrexia and malaise, is referred to as 
haelnobartonellosis or feline infectious anaemia (FIA). 
The prevalence of the disease is unknown owing to the 
lack of a serological test for the organism and because 
chronic carriers cannot be easily identified. The major 
mode of transmission is believed to involve blood- 
sucking insects (particularly the flea), transplacental 
and transmammary infection and iatrogenic inoculation 
via blood transfusions. Treatment generally involves 
the use of antibiotics and corticosteroids combined with 
supportive care. Primary haemobartonellosis carries a 
good prognosis. 

THE ORGANISM 

H. felisisanepicellularlnycoplasma that parasitizes the 
RBCs of cats. It can cause disease as a primary pathogen 
or by opportunistic infection as a sequelae to other 
diseases, particularly those where immunosuppression 
is a feature. Tluee forms of the organism have been 
identified on the surface of RBCs: rods, cocci and rings. 
Theselnay occur singly or in rows or clusters. All fonns 
are firmly adherent to the surface of the RBC and are 
partially embedded in the membrane. These forms were 
previously thought to represent different stages in the 
life cycle of the parasite, although recently it has been 
shown by polylnerase chain reaction (PCR) that these 
forms represent morpl~ologically and genetically dis- 
tinctstrainsof theorganism (Folcy etal., 1998). Rarely, 
organisms are found free in the senim, probably repre- 
senting accidental detachment. 

EPIDEMIOLOGY 

selected, the cyclical nature of the parasitaemia, the 
existence of carrierstates, the presence ofectoparasites, 
and the ability of a given laboratory to identify the 
organism. The recorded prevalence of the organism 
varies from 4.9% to 23.2% (Carney and England, 
1993). All surveys undoubtedly underestimate the true 
prevalence. 

Predisposing factors 
No age, breed, orsexsusceptibility has beenshown with 
H. felisinfections, althoughsome authors believe young 
male cats (Hayes and Priester, 1973), especially those 
with high flea burdens, may be more at risk (Nash and 
Bobade, 1986). Cats with feline leukaemiavims (FeLV) 
infection have long been thought to be at increased risk 
of infection with H. felis (Nash and Bobade, 1986). 
Although FeLV may not actually predispose to infec- 
tion itself, it may result in more severe parasitaemia, 
anaemia and clinical signs. Other risk factors include 
recent illness, lack of vaccinations, roaming outdoors, 
and a young age (Grindem et al., 1990). 

Incubation period 
The reported incubation period (the time from inocu- 
lation to the first appearance of parasites in the periph- 
eral circulation) ranges from 2 to 34 days (Harvey and 
Gaskin, 1977; Van Steenhouse et al., 1993), although 
the average is 6 to 17 days (Maede and Hata, 1975). 

Carrier status 
It is generally believed that the carrier status can be as 
long as 2 years but may in fact be much longer. Some 
authors describe a relapse of the acute stage that may 
occur with immunosuppression or stress from disease, 
althoughlaterworkfailedtoconfirmthisfindmg (Harvey 
and Gaskin, 1978). Stress does increase the number of 
parasites but not necessarily clinical disease (Harvey 
and Gaskin, 1978). Treatment of anaemia with anti- 
biotics or corticosteroids does not Drevent occurrence of 
the carrier state, and prior exposure to the organismdoes 
not induce immunity (Pedersen, 1987). 

Prevalence 
The reported prevalence of infection varies greatly. Spread between individuals 
Several factors will influence the outcome of surveys. H. felis can be transmitted experimentally via the oral, 
These include prevalence in a given area, types of cats intraperitoneal, subcutaneous or intravenous route by 
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usiuginfected whole blood. Whether any or allof these 
modes of transmission are important in the field situ- 
ation is debatable. 

Inoculation 
Subcutaneous inoculation via cat bites is considered 
unlikely as little blood is transferred between cats, 
even with the presence of severe gingivitis and stoma- 
titis, and saliva is not considered infectious (Harvey 
and Gaskin, 1977). Oral transmission has been show~i 
to occur experimentally, but considering the large 
volulnes of blood required (2-5 ml), it is extremely 
doubtful that this represents a real risk in the normal 
spread of infection. Intraperitoneal inoculation with 
infected bloodhas beenacommon way of transmitting 
infection under experimental conditions (Harvey and 
Gaskin, 1977) but would be unimportant in naturally 
acquired infections. Iatrogenic infection via whole 
blood transfusion is a real risk. 

Ectoparasites 
Ectoparasites, particularly fleas, have long been 
implicated as a possible mode of transmission. Con- 
sidering the widespread occurrence of this parasite 
and the difficulty in horizontal transmission by other 
means, the existence of an ectoparasite vector would 
seem likely. 

Vertical transmission 
Vertical translnission via transplacental infection has 
been shown by the fact that kittens as young as 3 hours 
have been found to be infected with the organism 
(Harbutt, 1963). Infection of kittens via suckling is 
also considered possible but there is no conclusive 
evidence for this. 

Natural infection 
Natural infection probably occurs mainly via insect 
vectors (particularly fleas), although iatrogenic infec- 
tion after blood transfusion and vertical transmission 
in utero and via suckling, although less important, 
should be considered. 

PATHOGENESIS 

Movement within the cat 

The acute phase 
Once inside the cat, H. felis remains within the 
bloodstrea~nandassociated organssuchas thespleen. 
The period from the first appearance of the parasite to 
the last parasitaemic episode is referred to as the 
acute phase of the infection. Clinical signs develop 
during this period and can be mild and inapparent or 
result in severe anaemia and even death. RBCs and 
associated parasites are held within the spleen until 
'pitting' (the removal of organisms by splenic 

macrophages and reticular cells) occurs. After 
removal of parasites, the RBCs are returned to the 
circulation in large numbers. For this reason, the 
packed cell volume (PCV) can decrease quickly and 
then return to within normal limits with the same 
rapidity. This processmay occurwithi~if~ours (Harvey 
and Gaskin, 1977). Although the PCV may return to 
normal, the lifespan of the RBC is considerably 
reduced owing to the development of a Coombs' 
positive anaemia (Zulty and Kociba, 1990) and in- 
creased fragility after loss of membrane and mem- 
brane phospholipids (Maede, 1980). 

The recovery phase 
The recovery phase follows the acute phase. In the 
recovery phase, parasite numbers decrease and the 
PCV increases. The PCV increases more slowly than 
the rapiddecrease in thenumber of parasites. ThePCV 
remains within normal limits during this phase. Most 
(if not all) cats become chronic carriers. These cats 
have normal PCVs, and parasites may be intermit- 
tently found in srnall numbers. 

Mechanisms of anaemia 
The mechanism of anaemia in haemobartonellosis is 
complex. An understanding of the processes involved 
will lead to a more rational treatment regimen. Anae- 
mia occurs via four major mechanisms: sequestration 
ofRBCs,antibody-mediatedl~aemolysis,erytluophagia 
and a decreased lifespan due to haemolysis. 

Sequestration of RBCs 
RBCs are held within the spleen until parasites are 
removedviapitti~ig by splenicmacrophagesandreticular 
cells (Maede, 1979). The removal of the parasite results 
in a quick return of the RBCs to the circulation. This 
process explains the rapid fluctuations in PCV that 
occur during the acute phase of infection. 

Antibody-mediated haemolysis 
A large proportion of tlie anaemic process is due to the 
occurrence of a Coombs' positive anaemia and 
autoagglutination. This may be the direct result of tlie 
parasite or reflect damage to the erythrocyte membrane 
during parasitism or pitting, resulting in exposure of 
hidden antigens to the im~nunesystem or changes in the 
antigeu structure of the RBC membrane. Electron 
microscopical studies reveal permanent erosions in the 
RBC membrane after removal of the parasite (Jain and 
Keaton, 1973). Coombs' positive anaemia may also 
result from decreased cholesterol and phospholipids in 
the RBC membrane (Maede, 1980). 

Erythrophagia 
Erythrophagia within both the spleen by splenic 
macrophages and the blood from transformed 
monocytes has been shown (Maede, 1978, 1979). 
Splenic erythrophagia is more important than peri- 
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pheral phagocytosis. Spherocytes and RBCs that are 
attached to each other (autoagglutination) are less 
pliable than normal cells and will be removed by the 
complex reticular networks of the spleen. 

Decreased Lifespan due to haemolysis 
Although the parasite is epicellular it seems that 
H. felis causes irreversible changes to RBCs that result 
in increased osmotic fragility (Maede, 1975, 1980; 
Maede and Hata, 1975). This is related to a decreased 
concentration of erythrocyte lipids, almost certainly 
due to the loss of membrane after removal of the 
parasite (Maede, 1980). 

CLINICAL SIGNS 

Clinical signs vary depending on the stage of parasitae- 
mia and the existence of intercurrent diseases, which 
may contribute to the clinical signs or result in more 
severe parasitaemia and anaemia. Should the 
haemogram reveal anaemia and H. felis organisms 
without evidence of regeneration, the clinician should 
ask two important questions. Firstly, has there been 
adequate time forregenerationand, secondly, are there 
any underlying diseases present that are preventing 
regeneration(e.g.FeLV, myelofibmsis, myelophthisis 
or toxic insult)? Cats that develop acute anaemias will 
show more severe clinical signs than cats that have 
anaemia of gradual onset. 

Three categories of clinical presentation have been 
reported (Carney andEngland, 1993), butnot every cat 
wiU fall into one of these major categories: 

. Kittens and some adult cats with peracute 
anaemia, with sudden weakness, pallor and 
hypothermia that were otherwise nonnal before 
the onset of clinical signs 
Other kittens and most adult cats that show 
sudden and significant fever, acute anaemia, 
weakness, pallor, cardiac murmur, splenomegaly, 
diffuse body tenderness, dyspnoea and 
tachypnoea . Adult cats that are slightly anaemic, with mild 
fever, lethargy and weight loss. 

The clinical state is generally divided into the 
acute, recovery and carrier phases. 

Acute phase 
The acute phase is the stage from the fust to the last 

I parasitaemic episode (Van Steenhouse et al. ,  1993). 
Anaemia and other clinical signs occur during this 
period. The haematocrit wiU fall initially and then 
quickly rise as RBCs are returned to the circulation. 
Most cats show a varied mixture of signs, none of 
which are specific. 

Figure 5.25 lists the acute clinical signs. 

Hepatomegaly 
Splenomegaly 
Whole body tenderness 
Taohypnoea 
Qyspnoea 
Pyrexia 
Jaundice 

Weight 10s 
~i ldanaemia  
Intermittent pyrexia 

Figure 5.25: Clinical signs of hnemobanoi~llos~s 

Recovery phase 
Although the PCV returns to normal, parasites can be 
identified during the recovery phase. Most (ifnot all) 
cats then become carriers. 

Chronic carrier phase 
Parasites may be found during the chronic carrier 
phase, and the PCV may fluctuate from normal to 
slightly below normal. This may last for 2 or more 
years. Relapse of clinical signs is possible but should 
be considered rare, as it has been diff~cult to reproduce 
relapse under experimental conditions (Harvey and 
Gaskin, 1978). Figure 5.25 lists the signs of chronic 
haemobartoneUosis. 

DIAGNOSIS 

The lack of a widely available specific serological 
test, the tedious nature of examining blood smears for 
the parasite and the high incidence of false positive 
and negative results make diagnosis difficult. ~efini- 
tive diagnosis rests on identification of the organism 
(Figure 5.26). The clinician must pay attention to 
sampling techniques and the cyclic nature of the 
parasitaemia, which may increase the chance of a 
positive diagnosis. 

of>d blood cellsfrorn a cat by using a   om an ow sky staining 
method. 
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The timing and frequency of sample taking is 
important. As the anaemia progresses the number of 
organismsdecreases, makingdiagnosismoredifficult. 
Organisms are said to disappear from the circulation 
quickly on beginning treatment, necessitating diagno- 
sis before treatment is initiated. 

Blood samples 
Making smears of peripheral blood samples immedi- 
ately after blood collection is the preferred method. 
Some authors favour the auricular vein as the site for 
venepuncture whereas otl~ers prefer thejugular. Antico- 
agulants (particularly ethylenediainine tetra-acetic acid) 
may dislodge the parasite from the surface of the RBC, 
which dramatically reduces the chance of finding the 
organism Warvey and Gaskin, 1977). This is particu- 
larly true if the sample is left standing. Multiple smears 
taken over several days may be required to identify the 
organism, especially if the anaemia is severe. 

Staining techniques 
Stainill: tecliniclues for ide~itil'yi~~; H . . j X s  ~ I a s s i ~ i ~ l l )  
involve~~oman6wsk~ methods, although acridine or- 
ange is considered superior (Bobade and Nash, 1987). 
The disadvantages of staining with acridine orange are 
that itrequires 24 hours for fixation andusesultraviolet 
light microscopy, which is not always readily avail- 
able. Therefore, not all veterinary laboratories use this 
method, and in cases with a high clinical suspicion it 
would be wise to find a laboratory that is experienced 
in looking for H. felis. False positives are com~nonly a 
result of protein precipitates, background debris or 
Howell-Jolly bodies. Stains should be freshly made 
and preferably filtered to prevent some of these prob- 
lems. False negatives are common and may be as high 
as 50% in some cases (Carney and England, 1993) 
owing to the cyclical nature of the parasitae~nia and 
inexperience of the investigator. 

Haematology 
Haematology generally reveals a regenerative anae- 
mia with anisocytosis, macrocytosis and reticulocy- 
tosis. Many cats become Coombs' positiveduring the 
course of the infection. Spontaneous autoagglutination 
may also occur, and whenit doesa Coombs' test isnot 
necessary. Autoagglutination must be differentiated 
from rouleaux formation, which is common in nor- 
mal cats. The anaemia also waxes and wanes consid- 
erably during the course of infection and, whereas the 
number of circulating RBCs may decrease dramati- 
cally owing to sequestration in the spleen, RBC 
numbers canalso quickly recoverafterremoval of the 
parasite. The haemogram should be checked fre- 
quently for signs of recovery or deterioration. Moni- 
toring the haemogranl and the progression of clinical 
signs closely will enable the clinician to make more 
accurate judge~nents as to the need for blood trans- 
fusion or other changes in therapy. 

Ancillary tests 
Ancillary tests are of utmost importance in H. felis 
infections to rule out underlying diseases. Testingfor 
FeLV and feline imlnunodeficiency virus (FIV) is 
useful. FeLV has previously been considered an 
important predisposing factor for the development 
of H. felis infection, and up to 46% of cats with 
H. felis have been reported to be positive for FeLV 
(Cotter et al., 1975). These percentages are probably 
no longer correct. 

Although alterations to the serum biochemical 
screen are non-specific, they may alert the clinician to 
the presence of underlying diseases that may influence 
the treatment or prognosis. In moribund cats, blood 
glucoseconcentration should be monitored, as Haeii?o- 
ba~.totzella in other species (particularly mice) causes 
fatalhypoglycaemia by unknownmechanisms (Harvey 
and Gaskin, 1977). Severe life-threatening hypother- 
mia is also common. 

Recently, detection of the organism by PCR and 
western blot analysis has been described (Rikihisa et 
al., 1997; Berent et al., 1998; Foley et al., 1998; 
Aller~lan et al., 1999). The availability of this test may 
increase and allow an accurate way of identifying 
infected or carrier cats. 

The aim of the diagnostic investigation should 
be to determine if H. fclis is acting as a primary 
pathogen or a secondary opportunist, as the latter 
carries a worse prognosis, especially if the under- 
lying disease is difficult to treat. Although this dis- 
tinction may not always be possible, clinicians 
should do their best to differentiate primary from 
secondary haemobartonellosis. 

TREATMENT 

The need for and the type of treatment required will 
vary depending on the case. Treatment shoould not be 
considered as an all or nothing approach but as a 
custom-made plan depending on the severity of anae- 
mia and related clinical signs and the presence of 
underlying disease. 

As idiopathic haemolytic anaeinia is rare in the cat, 
it may be prudent to treat for Haeii~o6nrtorzella even if 
organisms cannot be identified in cats with suspected 
immune-mediated RBC destruction. 

Antibiotics 
Antibiotics, particularly the tetracyclines, have been 
considered the drugs of choice by many authors, 
although others have found them to have little or no 
effect in eliminating or reducing the parasitae~nic 
state (Harvey and Gaskin, 1978; Bobade eta/., 1988). 
No known treatment prevents the carrier status. Doxy- 
cycline, oxytetracycline and tetracycline are consid- 
ered the drugs of choice. 
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Chloramphenicol is also reported as an effective 
treatment hut can severely depress erythrogenesis, 
which is important in recovery from this condition. In 
addition, chloramphenicol can cause vomiting, ano- 
rexia, ataxia, neutropenia and sudden death in cats 
meid and Oehme. 1989). 

Enrofloxacin has been anecdotally reported to be 
effective in the treatment of haemobartonellosis. The 
reported success of emofloxacin comes fromdemon- 
strating cessation of parasitaemia. This may not be a 
true treatment success, hut may reflect the cyclical 
nature of this infection. Emofloxacin may be consid- 
ered as a treatment choiceeither alone or in comhina- 
tion with tetracyclines and immunosuppressive 
therapy, especially in cats that do not respond to 
tetracycline antibiotics. 

Thiacetarsemide sodium 
Anecdotal evidence suggests that thiacetarsemide 
sodium can be used to treat haemobartonellosis. 
Although this may be true, detailed trials regarding 
the safety and efficacy of this drug are unavailable. 
Thiacetarsemide sodium is hepatotoxic, causes tissue 
necrosis if given perivascularly and is unlicensed for 
use in the cat. 

Corticosteroids 
As the pathogenesis of anaemia in H. felis infection 
is due to more than the parasite itself, and involves 
immune mechanisms, immune suppression with 
corticosteroids is considered valuable and perhaps 
the most important aspect of treatment. The exact 
timing for the withdrawal of corticosteroids is 
debatable and depends on the rapidity of recovery. 
Once the PCV returns to normal, therapy should 
be tapered within 1-2 weeks while monitoring 
closely for relapse. Figure 5.27 lists the treatment 
regimens. 

Whole blood transfusions 
Whole blood transfusions may be necessary in se- 
verely anaemic cats showing clinical signs of acute 

anaemia. Blood typing is imperative before undertak- 
ing transfusion. 

PROGNOSIS 

The prognosis for haemobartonellosis is generally 
regarded as fair to good, as 65% of affected cats 
recover from infection without treatment (Harvey and 
Gaskin, 1977) and 75% of cats survive if treatment is 
given (Bobade et al., 1988). Prognosis depends on the 
presence of underlying diseaseand the easewith which 
it can be treated. 

FURTHER CONSIDERATIONS 

Immunosuppression and tumourigenesis 
Some evidence suggests that 'anaemic stress' after 
H. felis infection can be oncogenic and result in an 
increased incidence of leukaemia and lymphoma 
(Priester and Hayes, 1973; Kociba et al., 1983). 
Although association is not proof, anaemic stress 
leads to the development of myelogenous leukaemia 
in rats and mice (Priester and Hayes, 1973). Indeed, 
H. felis may itself lead to immunosuppression, as 
the incidence of FeLV infection after H. felis infec- 
tion is reported to be increased (Kociba et al., 1983). 
Although this was a small survey and it is possible 
that early FeLV infection may not have been de- 
tected, this is an interesting observation. 

Blood donors 
A potential source of infection with H. felis is via 
iatrogenic inoculation after blood transfusion. All 
cats that are blood donors should test negative for 
FeLV and FIV and have several blood smears 
examined for the presence of H. felis. Considerable 
controversy exists as to whether blood donors 
should be splenectomized to enhance detection of 
the parasite. 

Doxycycline 1 1-3 m bidfc lays 
Oxytetracycline 1 25 mgjkg tid for 21 days 

Tetracyclines 22 mgjkg tid for 21 days 

E~of loxa~ in  
- ---- 

5 mgjkg sid for 21 days 
- ~ 

,.., .~ .  .~ -~ ~ - - -~~ ~ 

&F-~~~&~9@:&,@&$~~@,@~~&~g@~:@&@~$~~:&j&&~: . 
. ;. ' .~ lx  <. ~.,> '~ ,T 

Prednisolone 2 mgjkg bid for 2-3 treatments then 1 mgjkg bid for 4-6 tkeatments and 

Dexamethasone 

1 mglkg sid for 4-6 treatments 
0.3 mgjkg sid for 2-3 days then 0.15 mgjkg sid for 2-3 days and 
0.15 mgjkg sid for 2-3 days 

Figure 5.27: Drugs commonly used for the treatment of haemobartonellosis. 
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CHAPTER FIVE 

(v) Canine Babesiosis 

Reino Lobetti 

INTRODUCTION 

Canine babesiosis is a tick-borne disease of worldwide 
importance, which ranges in severity from relatively 
mild to fatal. Althougli haemolytic anaemia is the 
hallmark, several variations and complications can 
occur. The causative organism of canine babesiosis is 
either Babesia car~isor Babesiagibsorzi. Threesubtypes 
or strains of B. cartis are recognized, namely, B. carzis 
canis, B. canis vogeli and B. canis rossi. B. carzis carzis 
and B. carzis vogeli occur in Europe aiid North Africa 
respectively, whereas B. carzis rossi occurs in southern 
Africa (Uilenberg et al., 1989). B. gibsoni occurs in 
Asia, North America and North and East Africa 
(Taboada, 1998). The genus Babesia was named after 
VictorBabes, wlioin 1887 established theaetiology of 
the disease in cattle in Romania. The first report of 
canine babesiosis was in South Africa in 1885 by 
Hutcheon; however, the parasites were only recog- 
nized much later by Purvis in 1896 and Koch in 1897. 

LIFE CYCLE 

In theadulttick,schizogony occursin thegutepithelial 
cells, resulting in the formation of large merozoites. 
These then undergo successive cycles of schizogony 
within a variety of cell types, including the oocytes. In 
the salivary glands, schizogony results in the forma- 
tion of small infective merozoites. After the tick has 
attached to a dog (the host) and feeds, the merozoites 
in thetick'ssalivaenterthedog's erythrocytes withthe 
aid of a specialized apical complex. Once inside the 
erythrocyte, the merozoite transforms into a tropho- 
zoite, from which further merozoites develop by a 
processof merogony. Oncedivided, they leave thecell 
to enter other erythrocytes. Trans-stadia1 and 
transovarial transmission can occur, and it is thought 
that a tickcanremaininfectivefor several generations. 

EPIDEMIOLOGY 

Babesiosis is solely a tick-borne disease, with B. canis 
canis being transmitted by Derr~lacentor reticulatus, 

B. carzis vogeli and B. gibsorzi by Rlzipicephaliw san- 
guirzeus and B. cartis rossi by Haerizoplzysalis leachi. 
B. cartiscal~affectdogsof allages,althoughmostcases 
are in young dogs. A seasonal variation occurs, with 
the highest incidence in the summer months. The 
source of infection is carrier ticks, or ticks feediiig on 
dogs that are either ill or incubating the disease and 
then feeding on a susceptible dog (Lobetti, 1998). 
Other possible sources of infection are carrier dogs and 
blood transfusions. 

PATHOGENESIS 

The incubation period after exposure to a tick is 10-21 
days. Intraerythrocytic parasitaemia causes botli intra- 
vascular and extravascular haemolysis, resulting in 
regenerative anaemia, haemoglobinaemia, haemoglob- 
inuria and bilirubinuria. Pyrexia also develops, which 
is attributed to the release of endogenous pyrogens 
after erythrolysis, destruction of the parasite and/or 
activation of inflammatory mediators. Splenomegaly 
occurs as a result of hyperplasia of the  non no nuclear 
phagocytic system. The haemolytic crisis that devel- 
ops results in anaemic hypoxia, anaerobic metabolism 
and metabolic acidosis. Co~npounding the problem is 
the fact that the remaining haemoglobin is not func- 
tioning optimally, thereby exacerbating the anaemic 
hypoxia (Taylor et al., 1993). 

The many and varied clinical manifestations of 
canine babesiosis are difficult to relate to an organism 
that issolely restrictedto theerythrocyte. Althoughthe 
clinical manifestations are diverse, the mechanisms 
promoting them are probably more uniform. Multiple 
organ dysfunction syndrome (MODS) is now recog- 
nized as the end result of tissue inflammation initiated 
by several different conditions, including hypovolae- 
mia,septicshockandinfectiousorganisms. Babesiosis 
cancauseseveretissuehypoxia, withconsequent wide- 
spread tissue damage and probable release of inflam- 
matory mediators. Widespread inflammation and 
multiple organ damage can thus occur (Jacobson and 
Clark, 1994). The systemic inflammatory response 
syndrome (SIRS) that precedes MODS is caused by 
excessive release of inflammatory mediators. This 
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syndrome is broadly defined and considered to be 
present if two or more of the following occur: tachy- 
cardia, tachypnoea or respiratory alkalosis, hypother- 
mia or hyperthermia and leucocytosis or leucopenia 
with a neutrophilic left shift (Cipolle et al., 1993). By 
this definition, most cases of babesiosis have SIRS. 

In one study, 87 % of cases were positive for SIRS, 
52% showed single organ damage and 48% had 
multipleorgandamage (Welzletal., 1999). Although 
outcome was not affected by whether oneor multiple 
organs showed evidence of damage, specific organ 
involvement significantly affected outcome: risk of 
death increased 57-fold and fivefold with involve- 
ment of the centralnervous system and renal dysfunc- 
tion, respectively. Liver or muscle damage did not 
affect outcome. 

CLINICAL MANIFESTATIONS 

Canine babesiosis can be clinically classified into 
uncomplicated andcomplicatedforms. Uncomplicated 
cases typically present with signs relating to acute 
haemolysis,includingfever, anorexia, depression,pale 
mucous membranes, splenomegaly and waterhammer 
pulse. This form is further dividedinto mild, moderate 
or severe disease, according to the severity of the 
anaemia. A case of milduncomplicatedbabesiosis can 
progress to become severe uncomplicated, whenanae- 
mia becomes lifethreatening.The complicatedformof 
babesiosis refem to clinical manifestations that are not 
easily explainedby the haemolyticprocess alone. Rare 
complications include gastrointestinal disturbances, 
myalgia, ocular involvement, upper respiratory signs, 
cardiac involvement, necrosis of the extremities, fluid 
accumulation or disease with a chronic clinical course. 
Overlap between the diierent categories of the com- 
plications can also occur. 

the renal tubular epithelium, enzymnria, proteinnria and 
variable azotaemia in dogs with babesiosis without 
overt acute renal failure (ARF), although ARFwas also 
documented in several dogs in the same study (Lobetti 
et al., 1999). Acute renal failure in babesiosis typically 
presents with anuria or oliguria despite adequate rehy- 
drationbutis anuncommon complication. Anincreased 
concentration of serum urea alone is an nnreliable 
indicator of renal insufficiency in babesiosis, as a dii- 
proportionate increase in urea, compared with creati- 
nine, concentrationoccurs, whichhasbeen relatedtothe 
catabolism of lysed erythrocytes. Renal failnre is diag- 
nosed on the basis of ongoing evaluation of nrine 
volume, wine analysis and degree of azotaemia. 

Cerebral babesiosis 
Cerebral babesiosis is definedas the presence of concur- 
rentneurological signs inan animal withbabesiosis. The 
presentation is typically peracute, with clinical signs 
being a combination of incoordimation, hindquarter 
paresis, muscle tremors, nystagmus, anisocoria, inter- 
mittent loss of consciousness, seizures, stupor, coma, 
aggression, paddling or vocalization (Jacobson and 
Clark, 1994). Pathological changes in the brain are 
congestion (Figure 5.28), haemomhage and/or necrosis 
(Figure 5.29) and sequesuation/pavementing of 
parasitized erythrocytes in capillaty beds Figure 5.30). 

Coagulopathy 
The most consistent haemostatic abnormality in babe- 
siosis is profound thrombocytopenia, which is a rou- 
tine finding in both complicated and uncomplicated 
cases. Despite the degree of thrombocytopenia, clini- 
cally apparent haemorrhages are relatively rare. Al- 
though disseminated intravascular coagulation PIC)  
has beenrepoifedincanine babesiosis, confiiationof 
DIC is diicult  because of the nature of the underlying 
disease process and the reported umeliability of the 
human fibrin degradation product test (Jacobson and 
Clark, 1994). Clinical signs of DIC are difficult to 
recognize until haemorrhages develop in the 
hypocoagulablephase, wheresigns arerelatedto organ 
dysfunction induced by microthrombi (Figure 5.31). 

Acute renal failure 
Evidence of renal damage is common in both compli- 
cated and uncomplicated cases but does not necessarily 
predict renal failure. A recent study showed celluria of 

Figure 5.28: Brain of a dog that died Figure 5.29: Brain of a dog that died 
from cerebral babesiosis, showing 

1 
from cerebral babesiosis, showing focal 

generalized congestion. (Cowtesy of areas of necrosis. (Courtesy of 
Dr Anne Pardini, Deparhnenr of Dr Anne Pardini, Department of 
Pathology, Faculty of Veterinary Pathology, Faculty of Veterinary 
Science, University of Pretoria.) Science, Universify of Pretoria.) 

, 
Figure 5.30: Histopathological section 
from a brain of a dog that diedfrom 
cerebral babesiosis, showing capillnry 
blood vesselr containing sequestrated 
parasitized erythrocytes. (Courtesy of Dr 
Anne Pardini, Deparhnent of Pathology, 
Facully of Veterinary Science, 
University of Pretoria.) 
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Icterus and hepatopathy 
In some cases of babesiosis, icterus and increased 
concentrations of liver enzymes and bile acids occur, 
which are indicative of a liver insult (Miller, 1999). 
Whether the insult is due to inflammatory cytokines, 
hypoxic damage or a combination of these is not 
known. As the ictems (Fignre 5.32) does not seem to 
be due to haemolysis alone, liver dysfunction seems 
tobe, at least, contributory. Histopathological changes 
usually associated with ictems include both diffuse 
and peripoaal lesions, whereas icteric dogs with 
babesiosis show a centrilobular lesion. Hypoxic 
insults can cause diffuse hepatocellular swelling, 
and thus the hypoxia in severe babesiosis may be 
severe enough to cause a hepatopathy. 

Figure %32: Dog with severe icterus due to babes~os~s. 

Immune-mediated haemolytic anaemia 
Immune-mediated haemolytic anaemia (IMHA) is 
the increased destmction of erwocytes due to 
antibodies against the erythrocyte membrane, which 
can be either primary (in which the membrane is 
normal) or secondary [in which the membrane is 
altered and recognized as 'foreign'). Secondary 
IIviHA is assumed to be the case in babesiosis. The 
cardinaI feature of babesiosis-associated IMHA is 
continuinghaemolysis despite successful antibabesial 
treatment. Diagnosis is by the in-saline agglutination 
test andlor detection of spherocytosis. The Coombs' 
test is not diagnostic as both uncomplicated cases 
and cases complicated with IMHA give a positive 
Coombs' test result. 
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Acute respiratory distress syndrome 
Acnte respiratory distress syndrome (ARDS) is asevere 
andfrequently catastrophic complicationof babesiosis. 
Typical clinical signs are a sudden increase in respira- 
tory rate (although this may be caused by other factors, 
such as pyrexia and acidosis), dyspnoea, moist cough 
and blood-tingedfrothy nasal discharge. The dia&nosis 
of ARDS is based on the presence of diffuse pulmonary 
infiltrate8 on thoracic radiographs, hypoxaemia due to 
ventilation-perfusion mismatch, norma1 pulmonary 
capillary wedge pressure and reduced pulmonary 
compliance (Revert andwamer, 1992). Inmostclinical 
situaiions, pulmonary wedge pressure, blood gas analy- 
sis andcompliance cannot bemeasured. Thus the diag- 
nosis of ARDS depends on the recognition of risk 
factors for ARDS, thoracic radiographs (Fignre 5.33) 
andthe exelmionof other causes of pulmonary oedema, 
especially cardiogenic causes and fldd overload, the 
latter particularly where oliguricrenal failure is present 
Fluid loads that can be tolerated by normal dogs may 
fatally exacerbate pulmonary oedema in ARDS. 

Haemoconcentration - 
The paradoxical phenomenon of severe intravascula~ 
haemolysis combined with haemoconcentration con- 
stitutes the syndrome known as 'red biliary'. Clinical 
features are congested mucous membranes, visible 
haemoglobinaemia andlor haemoglobinuria and high 
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to normal or increased haematocrit (Jacobson and 
Clark, 1994). Haemoconcentration has been associ- 
ated with other complications, such as cerebral babe- 
siosis, DIC, ARFand ARDS. Haemoconcentrationin 
babesiosis is thought to be due to reduction in blood 
volume, because of fluid shifts from the vascular to 
the extravascular compartment. As plasma protein 
concentrations are normal, plasma, rather than a fil- 
trate of plasma, is shifted from the vasculature. The 
widespread increase in capillary permeability, which 
occurs in SIRS, may play an important role in the 
pathogenesis of 'red biliary'. 

Hypotension 
Dogs with severe and complicated babesiosis are 
frequently presented in a state of collapse and clinical 
shock, the latter resembling the hyperdynamic phase 
of septic shock. In one study, hypotension occurred 
frequently in babesiosis, and the presence and sever- 
ity of hypotension increased with severity of the 
disease (Jacobson et al., 1999). The presence of 
hypotension in dogs with complicated babesiosis is 
consistent with the hypothesis that inflammatory 
mechanisms play a major role in this disease and can 
result in a sepsis-like state. It is likely that hypoteu- 
sion in babesiosis is a combination of vasodilation, 
reduced vascular volume due to increased vascular 
permeability and/or dehydration, and myocardial 
depression. Hypoteusion can play a role in the patho- 
physiology of the disease, as it has been hypothesized 
to facilitate parasite sequestration. 

CLINICAL PATHOLOGY 

The primary haematological abnormalities in canine 
babesiosis are anaemia, thrombocytopenia and leu- 
cocytosis (Figure5.34). However, the haematological 
profile varies in different parts of the world: in 
France, mild anaemia and thrombocytopenia have 

been reported. In the Philippines, the only abnormal- 
ity reported was mild anaemia. In Nigeria, peracute 
cases showed severe anaemia, neutrophilia, lympho- 
cytosis and eosinopenia, acute and chronic cases 
showed only moderate anaemia, and only mild anae- 
mia was present inthe chronic cases. In South Africa, 
severe anaemia, neutrophilia, monocytosis, eosino- 
penia and thrombocytopenia have been reported 
(Reyers et al., 1998). The most remarkable differences 
observed between these reports were degree of anae- 
mia, macrocytosis (representing reticulocytosis) and 
leucocytosis ingeneral, butparticularly neutrophilia. 

Urine analysismay show hypersthenuria, biliib'm- 
uria, haemoglobinuria, proteinuria, granular casts 
and epithelial cells of the renal tubule. Alterations 
in biochemical parameters varies depending on the 
severity of the case. Typically, uncomplicated cases 
can have no biochemical changes. However, an 
increased liver enzyme concentration, hypokalaemia 
(in more severely affected cases) and an increased 
serumurea concentration with anormal serum creati- 
nine concentration may be evident. In complicated 
cases, biochemical changes reflect the underlying 
complication. 

The most commonly reported acid-base distur- 
bance in dogs with babesiosis and severe anaemia is 
metabolic acidosis. However, studies by Leisewitz et 
al. (1999) suggest that a mixedacid-base disturbance 
is present in many cases, which would reflect a more 
complex pathophysiology than previously assumed. 
Dogs with severe babesiosis can show a combination 
of abnormalities, including hyperchloraemic meta- 
bolic acidosis (low strong ion difference, SID), high 
anion gap metabolic acidosis (probably due to 
hyperlactataemia), hypoalbuminaemic alkalosis 
and hyperphosphataemic acidosis, dilutional acido- 
sis and respiratory alkalosis. Respiratory alkalosis 
occurs as frequently as metabolic acidosis, and arte- 
rial blood pH is a poor indicator of the complexity 
of the pathology. 

Figure 5.34: Haematologicalparametersfrom 921 cases of baberiosis due to Babesia canis evaluated at the Onderstepoort 
Vererinary Academic Hospitab 
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DIAGNOSIS 

The diagnosis of babesiosis is made by demonstrat- 
ing the presence of Babesia organisms within 
infected erythrocytes by using Romanowsky-type 
stains. Large (2 x 5 pm) pear-shaped organisms 
(usually present in pairs) are indicative of infection 
with B. canis (Figure 5.35), whereas B. gibsoni 
appears as smaller (1 x 3 pm) single round to oval 
organisms (Figure 5.36). Parasites can be detected in 
bloodsmears from peripheral blood as well as central 
blood. Serology is a more reliable method for detec- 
tion of occult parasitaemias in less endemic areas. 
However, as there is serological crossreactivity 
between B. canis and B, gibsoni, identification of the 
parasite is still necessary. 

Figure 5.35: Bloodsmearfrom peripheral bloodshowing 
multiple Babesia canis parasites. Diff-Quuik stam. 

Figure 5.36; Blood smearfrom peripheml bloadshowing 
multiple Babesia gibsoni parasites. Diff-QuikFY srain. 

THERAPY 

Theprimarytherapeuticaiminthetreatment ofbabesio- 
sis is the reversal of life-threatening anaemia via blood 
transfusions, and elimination or suppression of the 
parasite with specific anti-babesial drugs. Mild to 

moderateuncomplicatedcasesrequire only antibabesial 
therapy, severe uncomplicated cases require 
antibabesial therapy and blood transfusions, and the 
complicated forms of the disease require additional 
therapy aimed at treating complications (Figure 5.37). 
In mild to moderate uncomplicated cases, noticeable 
signs of recovery can be expected within 24 hours of 
specific treatment. 

Antibabesial therapy 
The three recommended and recognized antibabesial 
drugs are diminazene aceturate, imidocarb andtrypan 
blue. Other drugs thathave beennsedareamicarbalide, 
euflavine, phenamidine, quinoronium sulphate and 
chloroquine. However, due to their poor efficacy 
and/or additional adverse effects, these drugs 
have been either discontinued or infrequently used 
(Swan, 1995). 

Diminazene 
Diminazene is the drug of choice and is given 
intramuscularly at a dosage of 3.5 mgjkg once only. 
The drug has arapidaction and a short-lived protective 
effect, making it unsuitable for chemoprophylaxis. 
Diminazene has a low therapeutic index, with toxicity 
resulting in depression or stupor, continuous vocaliza- 
tion, ataxia, opisthotonos, extensor rigidity, nystag- 
mus andseizures. Nervous signsusually occur 24 to 48 
hours after an overdose and are irreversible and poten- 
tially fatal. 

Imidocarb 
Imidocarb can be given either intramuscularly or sub- 
cutaneously at a dose of 6 mgjkg. Toxicity can cause 
severe renal tubular and hepatic necrosis. 

Trypan blue 
Trypan blue suppresses parasitaemia and alleviates 
clinicalsigns butdoesnot eliminateinfection. Conse- 
quently, it is often followed up with diminazene 
or imidocarb in an attempt to sterilize the infection. 
It is also used in repeated relapses after treatment 
with either diminazene or imidocarb. As the drug is 
irritant to tissues, it is given strictly intravenously 
as a 1 % solution, at a dose of 10 mg/kg. Treatment 
can be repeated if necessary. Premunity may develop 
in some dogs, but relapses can occur at any stage 
owing to stress. 

Blood transfusions 
Transfusions are usually indicated in severe uncom- 
plicated cases and in complicated cases that have a 
life-threatening anaemia. The decision to transfuse is 
based on clinical signs, history and haematological 
testing. Clinical signs that would indicate the need 
for transfusion are tachycardia, tachypnoea, 
waterhammerpulse, weakness andcollapse. Although 
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arbiturate sedation 
emi-coma, coma 

Icterus and hepatopathy t---- 
anaemia 

1 Elevation of the head 
I Mav be clinicallv silent I Antibabesial 

~ l e k d i n ~  tendency 
Shock, organ dysfunction 
Profound bilirubinaemia and b ib inn r i a  
Yellow discolonration of mucous 
membranes 

Persistent in-saline agglutination 
Worsening anaemia despite eradication 

of parasites 

Acute respiratory distress 
syndrome (ARDS, 'shock lung') 

Sudden onset tacbypnoea 
Severe dyspnoea 
Cough 
Blood-tinged &thy nasal discharge 

Peracute onset 
Often collapsed 
Severe intravascnlar haemolysis with 

I normal or high haematocrit 

Hyaotensioh I May not be 'classic' shock 
CBngestion 

I 
Bounding pulse may be present 

Fresh frozen plasma 
Heparin 
Antibabesial 
Blood transfusion 
Fluids with potassium and 

deatrose 
Antibabesial 
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Corticosteroids 
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Cyclophosphamide 
Intravenous human 
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Fluids at double 
maintenance rates 

Colloids 
Antibabesial 
Blood tI;lnsfnsion 
Fluids 
Colloids 

Figure 5.37: Clin~cal manifestat~onr of babes~osis and therapeutic principles 

the haematocrit is the most commonly used indicator 
of anaemia, erythrocyte count and haemoglobin 
concentration can also beused. There is no set haema- 
tocrit at which a transfusion should be given, as it 
must be evaluated in conjunction with the clinical 
signs and history. Generally, a transfusion is consid- 
ered when the haematocrit is 15% or lower and 
always indicated when the haematocrit is 10% or 

lower. The degree of parasitaemia is not an important 
deciding factor, as it often bears little relation to the 
degree of anaemia. 

Packedred blood cells are the component of choice 
for babesiosis. The administration of the plasma com- 
ponent of whole blood is unnecessary in most dogs 
with babesiosis and can place the patient at risk of 
volume overload. If rehydration is required, crystal- 
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loid replacelnel~t solutions are preferable. A blood 
transfusion not only has a favourable effect on oxygen 
status and acid-base balance in dogs with babesiosis 
but also replaces the subfunctional haelnoglobin with 
functional haemoglobin. 

Supportive therapy 
Supportivetherapy shouldbebasedon thorough patient 
assessment and ongoing monitoring, appropriate labo- 
ratory testing and accepted therapeutic principles for 
the colnplications that may be present: acute renal 
failure, immune-mediated haelnolytic anaemia, DIC, 
hepatopathy, shock and pulmollary oedema. 
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CHAPTER SIX 

Disorders of Leucocyte Number 

John Dunn 

INTRODUCTION 

Total and differential white blood cell (WBC) counts 
can be helpful inassessing the cause, severity, duration 
and prognosis of a disease process. Abnormalities in 
lencocyte number should always be interpreted in 
association with thehistory, clinicalexamination, other 
components of the routine haemogram (red cell para- 
meters, reticulocyte and platelet counts) and results of 
additional diagnostic tests. 

Accurate interpretation of WBC counts requires a 
basic knowledge of lencocyte kinetics, pathophysio- 
logy of disease, normal cellular morphology and the 
effects of species and other non-disease variables on 
various leucocyte parameters. Interpretationshould be 
based on absolute numbers rather than the relative 
percentage of each cell type. 

TOTAL WHITE BLOOD CELL COUNT 

Variations in leucocyte number may involve altera- 
tions in the rate of production, release, distribution and 
circulating liespan of cells. Leucocytosis is the term 
used to describe an increase in the total number of 
circulating WBCs. Inmost cases leucocytosisiscaused 
by an increase in the total number of neutrophils 
(neutrophilia). Leucopenia (decreased total WBC 
count) is less common thanleucocytosis andis usually 
caused by neutropenia. 

Total WBC counts are generally higher in young 
animals owing to an absolute increase in the number uf 
lymphocytes. The number of lymphocytes gradually 
declines to adult values by 6-9 months of age. 

GRANULOCYTES 

Granulocytes are WBCs that possess specific (second- 
ary) granules in their cytoplasm. These granules form 
at the myelocyte stage of maturation andtheir distinc- 
tive colour identifies the cell as a neutrophil, eosino- 
phi1 or basophil. In addition, the mature granulocyte is 
characterized by the presence of a segmented nucleus 
with clumped nuclear chromatin. 

Granulopoiesis 
Granulopoiesisinvolvestheproductionofneutrophils, 
eosinophils and basophils (Figure 6.1). Granulocyte 
life span has three phases: an intramedullary phase, an 
intravascular phase and a tissue phase. The intramed- 
ullary phase consists of a stem cellpool, aproliferating 
pool (myeloblasts, promyelocytes and myelocytes) 
and a maturation or storage pool (metamyelocytes, 
band and segmented granulocytes). The stem cell pool 
consists of a population of pluripotent stem cells, 
which give rise to committed progenitor cells known 
as colony-forming units (CFW). Neutrophils and 
monocytes originatefromthe same progenitor cell, the 
colony-forming unit - granulocyte-macrophage (CFU- 
GM), which differentiates into unipotent CFU 
(CFU-G and CFU-M) which prodnceneutrophilic and 
monocyticprecursors, respectively (Figure 6.2). There 
are separate progenitor cells for eosinophils (CFU- 
Eos) and basophils (CFW-Bas). 

Fieure 6.1: Canine eosinoohil IEosi, neurro~hil fN1 and 
baiophil (B). (@AXIOM feterinaj ~aboraiories.) 

Neutrophils 

Neutrophil production 

Intramedullaryphase: The maturation or storage pool 
in the bone marrow provides a buffer between supply 
and demand and prevents marrow depletion of 
neutrophils in situations when there is a sudden in- 
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Pluripotent llaematopoietic stem cell 

1 I STEM CELL POOL 
Myeloid stem cell (CFU-GEMM) 

I 
I 
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t t t t 
I Mveloblast 

I + 
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+ 
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I 
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Band cell (neutrophilic, eosinophilic, basophilic) 

4 
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I 
1 
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I 

Figrrlr 6.2: Phases of granelocyre differerlriarion and nlatrrrarion. Colorly-forrrli~lg rrnit (CFU) precursors are co,anritred 
proge,rifor cells; GEMM, gra~~rflocyrc-eryfliroid-I!IOIIO~),~~-,; GM, grar~alocyre-rimcrop!~age ; M, i~~or~oc),te; 
G, gra~rrr!oc)'rc; Eos, eosi~lop/~i!; Bas, basopl~il. 

creased rate of utilization. This reserve no01 contains matelv twice dailv. and the average circulating cell , , - - 
about a 5-day supply of cells. Neutrophils move rap- lifespanvariesfrom6-14hours.Thecirculatinglifespan 
idly from the bone marrow to sites of acute inflamma- isshortenedduringacute infections as neutrophilspass 
tion. In response to a sudden increased demand for rapidly into tissues. Neutrophils are normally lost in 
neutrophils, there is a lag phase of 3-4 days before the lungs, saliva and urine and into the gastroi~~testinal 
increased granulopoiesis occurs. tract. They are also phagocytosed by macrophages in 

the soleen. liver and bone marrow. 
I~t truvascula~ phase: Neutrophils leave the bone The absolute neutrophil count obtained at any one 
marrow after 3-5 days' maturation. Once in the blood time does not reflect the dynamics of production and 
vessel they may enter one of two functional compart- 
ments: they either remain in the circulatio~~ (circula- 
tory pool) or adhere to the walls of small vessels 
primarily in the spleen, lungs and splanchnic region 
(marginal pool). Neutrophils in the marginal pool call 
be mobilized quickly in response to physiological 
stimuli (stress, exercise, excitement) and pathological 
stimuli (infection, inflammation). The marginal and 
circulating pools are approximately equal in the dog. In 
the cat, the marginal pool is about two to three times 
larger than the circulating pool. There is continual 
exchange of cells between the two compartments. The 
total blood pool of neutrophils is replaced approxi- 

release of the cells. The absolute neukophil count is 
influenced by the rate of granulopoiesis, the rate at 
which cells leave the bone marrow and enter the 
circulation, the shift of cells between the marginal and 
circulating pools and the rate at which cells leave the 
circulation and enter the tissues. 

Tissr~eplzase: Neutrophils randomly leave the circula- 
tion and enter the tissues and body cavities. In healthy 
animals there is no major tissue pool. Once in the 
tissues, neutrophils cannot re-enter the circulation, i.e. 
there is no exchange of cells between the tissue and 
circulating pools. 
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Neutrophil function 
The primary function of neutrophils is the phagocyto- 
sis and killing of microorganisms. Neutrophils also 
have cytotoxic, parasiticidal and tumouricidal proper- 
ties and may have arole in the coagulation and fibrino- 
lytic pathways. Accumulation of neutrophils and the 
release of their various bioactive products, together 
with activation of complement components, results in 
increased vascular permeability and enhanced tissue 
damage at sites of acute inflammation. 

Neutrophilia 
Neutrophilia may result from increased movement of 
neutrophils from the marginal to the circulating pool, 
increased release of neutrophils from the storage pool 
into the circulation or decreased efflux from the circu- 
lation into the tissues. Increased numbers of circulat- 
ingneutrophils may occur in response to physiological 
and pathological stimuli (seesection oncommon white 
blood cell responses and Figure 6.3). Neutrophilia is a 
common physiological response to stress (resulting in 
increased circulating levels of cortisol) and exercise, 
fear or excitement (resulting in increased release of 
adrenaline). 

Physiological: 
Adrenaline release 
Stress (endogenous or exogenous 
corticosteroids) 

Reactive: 
Acute or chronic inflammation 

Infectious (localized/systemic) 
Non-infectious: 

Immune-mediated disease 
Surgery (tissue damage/stress) 
Tissue necrosis 
Haemorrhage or haemolysis 
Early stage of oestrogen toxicity 
Acute pancreatitis 

Neoplasia: 
Large necrotic tumours 
Myeloproliferative disorders (e.g, acute or 

chronic mveloid leukaemia)* 

physiological stimulus. The neutrophilia is also more 
likely to be associated with a significant left shift if an 
infectious agent is involved (some chronic inflamma- 
tory lesions may have normal neutrophil counts). Other 
causes of reactive neutrophilia, usually with a less 
pronounced left shift, include haemorrhage (especially 
into a body cavity), haemolysis, malignancy and recent 
surgery (resulting in tissue damage). Certain myelopro- 
liferative disorders, for example, acute or chronic 
myeloid leukaemia, may result in the release of in- 
creasednumbers of mature and/or immature neutrophils 
into the circulation. 

Neutropenia 
Neutropenia is the most common cause of leucopenia 
in small animals. It may occur as a result of decreased 
neutrophil s u ~ v a l  or reduced or ineffective granulo- 
poiesis (Figure 6.4). 

Decreased neutrophil survival: 
Peracute hacterial infections especially those 
resulting in septicaemia or endotoxaemia 

Pyometra 
Peritonitis 
Aspiration pneumonia 
Acute salmonellosis 

Ineffe~tive or reduced granulopoiesis: 
Acute viral infectiobs [canine panrovirus, 
feline panleucoQe.nia, feline 
immunodeficiency virus, infectigus c d n e  
hepatitis) 

Bone marrow suppression (e.g. later stages 
of oestrcrgen toxioitvI , , 

Myelodysplasia (often associated with feline 
leukaemia virus infection) 

" 

Myebphthisis (e.g. myeloproliferative and 
lymphoproliferati~c disorders) 

Drug-induced (e.g. cyclophosphamide, 
adriamvcin) 

2 

Radiation 
Canine cyclichaematopoieSis (grey collies) 

Figure 6.4: Causes of neutropenia. 

Figure 6.3: Causes of neumphilia. *Some rnyeloprollferative 
drsorders may present with a normal leucocyte proJile. 

Neutrophilia is also a feature of most acute and 
chronic inflammatory diseaseprocesses. Haematological 
evidence of inflammation does not, however, necessar- 
ily imply an infectious aetiology as many non-septic 
disorders, for example, acute pancreatitis, immune- 
mediated polyarthritis and lesions resulting in a signifi- 
cant degree of tissue necrosis, frequently elicit similar 
neutrophilicresponses. Themagnitudeoftheneutrophilia 
caused by an acute inflammatory lesion is generally 
greater than that caused by chronic inflammation or a 

Decreased neutrophil survival: Peracute bacterial 
infections, particularly those associated with Gram- 
negative sepsis and endotoxaemia, result in an over- 
whelming demand for neutrophils and a marked 
decrease in their circulatory lifespan. The neutro- 
penia is usually associated with a severe degenerative 
left shift. Animals that are endotoxaemic may also 
be thrombocytopenic. If-the animal survives the 
peracute phase, the neutropenia usually gives way 
to a neutrophilic leucocytosis after 72-96 hours. 
Possible infectious causes of neutropenia include 
peritonitis, pyometra, aspiration pneumonia and 
acute salmonellosis. 
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Reduced or ineffective granulopoiesis: The peracute 
phase of certain viral infections such as canine 
parvovirus, feline panleucopenia and infectious ca- 
nine hepatitis is associated with depressed myelopoi- 
esis and severe neutropenia. Affected animals, in 
addition to being neuuopenic, are also frequently 
lymphopenic. Aplastic anaemia is characterized by 
generalizedbonemarrowsuppression; anaemiais there- 
fore usually associated with severe neutropenia and 
thrombocytopenia. 

Aplastic anaemia may occur as an idiopathic dis- 
ease entity or may be associated withhyperoestrogen- 
ism (e.g. functional Sertoli cell tumours or 
administration of exogenous oestrogens) and chronic 
Ehrlichia canis infection. Neutropenia may also be 
caused by disorders that disrupt normal granulocytic 
maturation, for example, myeloproliferative or 
lymphoproliferative diseases (particularly acute my- 
eloid or lymphoid leukaemia), myelodysplasia (often 
induced by feline leukaemia virus in the cat) and the 
administration of certain cytotoxic agents, most nota- 
bly cyclophosphamide and adriamycin. In cats, neu- 
tropenia may also be associated with feline 
immunodeficiency virus infection. A less common 
cause of neutropenia is canine cyclic haematopoiesis, 
which occurs in grey collies. 

Morphological abnormalities of neutrophiis 

Toxic changes: The release of bacterial toxins may 
result in morphological changes in circulating 
neutrophils (Figures 6.5 to 6.7). Non-bacterial toxins 
(e.g. cytotoxic agents) and other toxic products of 
tissue necrosis may result in similar toxic changes. 
These changes are often subtle and reflect abnormal 
maturation and differentiation of neutrophil precur- 
sors in the bone marrow. These toxic changes can be 
described as follows: 

- Toxic granulation: reddish or metachromatic 
granules appear in the cytoplasm - Diffuse cytoplasmic basophilia - Vacuolated foamy cytoplasm - Presence of Doehle bodies (remnants of 
reticuloendoplasmic reticulum); these large 
bluish intracytoplasmic inclusions are more 
common in the cat - Giant neutrophils withbizarrenuclearmorphology. 

The severity of these toxic changes is usually 
graded by using a scale from 1 to 4. 

Abnormalities of cytoplasmic granulation: Abnor- 
mally large granules can be seen in the cytoplasm of 
cats (particularly blue smoke Persians) with the rare 
inherited disorder known as Chediak-Higashi syn- 
drome (Latimer andRobertson, 1994). These granules 
are reddish pink in colour. 

Figure 6.5: Canine neutrophil showing cytoplasmic 
basophzlia and vacuohtzon. Note the ingested bacterial rod. 
(0 AXIOM Veterinary laboratories.) 

Figure 6.6: Canine band neutrophilshowing toxic changes. 
Note the Doehle bodies and cytoplasmic vacuohtion. 
(0 AXIOM Veterinary Laboratories.) 

Figure 6.7: Canine metamyelocyte (met), p lw  band and 
segmented (seg) nerrtrophils showzng toxzc changes. Note the 
small red cytoplasmic granules. Lbehle bodres can be seen m 
the metamyelocyte. (0 AXIOM Veterinary laboratones ) 

Abnormalities ofnuclemmorphology:Hypersegmenta- 
tion of polymorphogranulocyte nuclei indicates pro- 
longed survival time in the circulation (Figure 6.8). 
Hypersegmented neutrophils may be found with corli- 
costeroid therapy, hyperadrenocorlicism and during the 
later stages of certain chronic inflammatory disorders. 
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. . .  
~zucleus of the neurrophil is hypersegmented indicating 
prolonged circulatinp survival time. Note the characteristic 

extremely short (about 30 minutes in the dog). On 
leaving the circulation, eosinophils randomly enter the 
tissues where they may survive for several days. 

Eosinophil function 
Eosinophils aremobilized to sites of antigen-antibody 
complex depositionvia activated complement compo- 
nents and a range of chemotactic molecules of the 
chemokine group (e.g. eotaxins 1 and 2). They are 
important regulators of hypersensitivity/immune- 
mediated and inflammatory reactions. Eosinophils 
contain histaminase and it has been proposedthat they 
combat the effects of histamine released from IgE- 
sensitized mast cells in immediate type 1 hypersensi- 
tivity responses. They also haveaparasiticidalfunction, 

purple .:).tg~plo\mic prunulec utrd r.o~,volut~d ,zarl~us (f which is antibody or complcmcnt dcpcndcnr, bur have 
rlze hua~phil. ['CAXIOM Vzrdrindq Loboraror,rc., lirnitcd phagocytic and hactcricidal properties. 

Hyposegmentation of neutrophil nuclei is seen 
with Pelger-Huet anomaly, a rare inheriteddisorder of 
dogs and cats (Latimer, 1995). The neutrophils assume 
the appearance of bands or metamyelocytes (Figure 
6.9); the leucogram may therefore be misinterpreted as 
evidence of a severe degenerative left shift. Neutrophil 
functionisnonnal. Acquirednuclearhyposegmentation 
(pseudo Pelger-Huet anomaly) can be associated with 
bacterial infection, drug therapy, granulocytic leuk- 
aemia or feline leukaemia virus infections (Latimer 
and Tvedten, 1999). 

Eosinophilia 
In most cases eosinophilia is associated with the in- 
creasedproduction and release of eosinophils from the 
bone marrow (Figure 6.10). Other mechanisms that 
may contribute to increased numbers of circulating 
eosinophils are the preferential redistribution of cells 
from the marginal pool and prolonged intravascular 
survival. Causes of eosinophilia are given in Figure 
6.11. Eosinophilia is a feature of many hypetsensitiv- 
ity reactions and parasitic infections. Eosinophilia in 
response to parasitism represents a hypersensitivity 
response to protein products released by the parasite. 

Figure 6.9: Pelger-Huet anomaly. The nuclei of these two 
canrne neutrophils are hyposegmentedand the cells have the 
appearance of metamyelocytes. (0 AXIOM Veterinary 
Lnbormories.) 

Eosinophils 

Eosinophil production 
Eosinophils and basophils may share a common pro- 
genitor cell. The production andmaturationof hothcell 
types occur under the influence of interleukln 5 (IL-5). 
The storage pool of eosinophils in the marrow is mini- 
mal. Accelerated production and release of eosinophils 
occur in response to parasitic infections and allergic 
conditions. Eosinophil half-life in the circulation is 

Fieure 6.10: la)  Canine hand andse~mentedeosinoohils. - , , - 
Note the fyprcal roundpznk cytoplasmrc granules. (b) Felrne 
eosinophil. Note thm the granuks are more rod-shaped 
compared to those in canine eosinophils. (@AXIOM 
Veterinary Laboratories.) 
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I Hypersensitivity~munemediated reactions: 
Atopic dermatitis 
Feline bronchial asthma 
Pulmonary infiltrate with eosinophils 
Food allergies 
Flea allergy dermatitis 
Pemphigus foliaceus 

Parasitism: 
Ancylostoma spp. 
Oslerus oslen 
4ngiostrongylus vasorum 
Dirojilaria immitis 
ophilic gastroenteritis 

Eosinophilic myositis 
EosinophiLic granuloma complex 
Canine panosteitis (common in German Shepherd 
Dogs) 

Feline hypereosinophilic syndrome 
Eosinophilic leukaemia or eosinophilic varlant 01 
chronic granulocytic leukaemia (rare) 

Adrenocortical insufficiency 
Oestrus in some bitches (?response to histamine 
release) 

Tumow-associated eosinophilia in cats can be 
associated with myeloproliferative disease, 
lymphoma, mast cell tnmour and transitional 
cell carcinoma 

Figure 6.11: Causes of eosmophilia. 

Eosinopenia 
Eosinopenia is most frequently associated with acute 
physical or emotional stress and is mediated by the 
releaseof endogenous glucocorticoids. As such, eosino- 
penia may be a feature of many acute infectious, 
inflammatory armetabolicdisorders. Causes of eosino- 
penia are given in Figure 6.12. 

Stress (release of endogenous cortisol) 
Hyperadrenocorticism 
Glucocoaicoid therapy I Acute infection or bk&mation (stress) 

Figure 6.12: Causes of eosinopenia. 

Basophils 

Basophil production 
It is unclear whether basophils and tissue mast cells 
share a common progenitor cell (Meyer and Harvey, 
1998a). Bone marrow storage of basophils is minimal. 
Basophil and eosinophil kinetics are closely related. 
Basophilgranules contain histamineandafter antigenic 
stimulation the cells synthesize eosinophil chemotac- 
tic factor of anaphylaxis (ECF-A). Bothhistamine and 

ECF-A when released into tissnes result in the local 
accumulation of eosinophils. Conversely, eosinophih 
also infiltrate tissues in which there is a high concen- 
tration of mast cells (Jain, 1993a). 

Basophil function 
The biological functions of basophils are thought to be 
similar to those of mast cells. In addition to histamine 
andECF-A, basophils containother substances suchas 
heparin, platelet activating factor, thromboxane A, 
(TxAJ and leukotrienes, which are important media- 
tors of allergic and inflammatory reactions. Basophils, 
like mast cells, degranulate after the interaction of 
antigen with specific cell-bound IgE. Heparin, re- 
leased in response to postprandial lipaemia, promotes 
the release of lipoprotein lipase from vascular endo- 
thelial cells, which facilitates triglyceride metabolism 
and clearing of chylomicrons from the circulation. 

Basophilia 
Basophils are rarely present intheblood of healthy dogs 
andcats (hence basopenia is of no clinical signifiance). 
Basophilia (see Figures 6.1 and 6.8) is therefore nearly 
always important. Conditions that cause basophilia tend 
to be associated with increased numbers of circulating 
wsinophils. Basophilia is one of the more consistent 
haematological features of dirof~lariasis. Rarer causes 
include the basophilic variant of chronic granulocytic 
leukaemia and byperlipoproteinaemia. 

Mast cells 
Mast cells are not normally present in the blood of 
healthy dogs and cats. In cats the presence of circnlat- 
ing mast cells (Figure 6.13) is most frequently associ- 
ated with mast cell tumours involving the spleen or the 
intestinal tract. Other causes of mastocythaemia in- 
clude disseminated mast cellneoplasia (systemic mas- 
tocytosis involving the spleen, liver, lymph nodes and 
bonemarrow), mast cell leukaemia and severe inflam- 
matory disorders (Latimer and Tvedten, 1999). 

Figure 6.13: Feline marf cell (MCJ and neutrophil (N). The 
mast cell containspurple cytoplasmic granules. The nucleus 
is round, u~tlike the convoluted nucleus of the basophil. 
(Q AXIOM Veterinary Laboratories.J 
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MONOCYTES 

Monocyte production 
Monocytes are produced from committed stem cells 
common to granulocytes (CFU-GM). Monoblasts and 
promonocytes are the earliest recognizable monocyte 
progenitor cells in the bone marrow. Maturation to 
monocytes occurs under the influence of numerous 
growth factors, most notably granulocyte-monocyte 
colony stimulating factor (GM-CSF), M-CSF and 
IL-6. The production of monocytes increases in re- 
sponse to increased demand. Thereis no bone marrow 
storage pool of monocytes. 

Monocyte function 
Monocytes are released into the circulation as soon as 
they are produced. Like neutrophils, they are distrib- 
uted in the circulation between circulating and mar- 
ginal pools. After a short period in the circulation, 
monocytes migrateinto tissues to become macrophages. 
Circulating monocytes (and their precursors in the 
bone marrow) and tissue macrophages comprise the 
mononuclear phagocytic system (MF'S). The primary 
function of tissue macrophages is the phagocytosis of 
deadcellsandforeignparticulatemater~al. They pbago- 
cytose intracellular organisms, particularly those that 
elicit a granulomatous inflammatory response (e.g. 
Actinomyces spp., Nocardia spp., Mycobacteriaceae 
and fungi), and secrete numerous biologically active 
substances such as IL-I, IL-6, tumour necrosis factor, 
complement components and proteolytic enzymes. 
Macrophages possess receptors for immunoglobulin 
and complement and therefore have the potential to 
phagocytose antibody-coated and/or complement- 
coated red cells and platelets. 

Monocytosis 
Mononuclear ohaeocvtes accumulate at sites of acute 

A - ,  
and, particularly, chronic inflammation. Monocytosis 
is typically a feature of thesubacute or chronic inflam- 
matoryresponse (Figure 6.14). Causes of monocytosis 
are given in Figure 6.15. 

Figure 6.14: Canrne monocyte and neutrophils. The 
monocyte (Mon) is larger compared to the band neurrophil 
immedzately below rt. Note also the blue/grey cytoplasm. 
(0 AXIOM Veterinary Laboratories.) 

Inflammatory conditions: 
Subacute or chronic inflammatory 
conditions particularly those characterized 
by suppuration, tissue necrosis or 
pyogranulomatous or granulomatous 
inflammation. 

The monocytosis is frequently 
accompanied by a mild to moderate 
neutrophilia with or without a left shift 
(e.g. subacute bacterial endocarditis or 
chronic pyelonephritis) . 

Circulating monocytes may show 
reactive or 'toxic' changes in dogs with 
severe bacterial infections and/or 
endotoxaemia. 

Reactive monocytes have more 
cytoplasm, the nuclei become more 
lobulated and convoluted, and pinkish 
granules may appear in the cytoplasm 

Feline immunodeficiency virus infection: 
Monocytosis is one of the more common 
haematological abnormalities in cats with feline 
immunodeficiency virus infection 

Immune-mediated disease, e.g. autoimmune 
haemolytic anaemia or immune-mediated 
polyartbritis 

Glucocorticoid therapy, hyperadrenocorticism 
and acute stress, especially in the dog 

Malignant tumours, especially large tumours with 
necrotic centres 

Monocytic or myelomonocytic leukaemia: 
Persistent and marked monocytosis, 
particularly if associated with the presence 

I of immature monocytic precursors in the 
circulation or decreased numbers of other 
blood cell types, is highly suggestive of acute 
or chronic monocytic or myelomonocytic 
leukaemia 

'igure 6.15: Causes of monocytosw. 

0 .  

Mouocytopenia occasionally occurs in response to 
acute infection or inflammation but is usually of little 
clinical importance. 

LYMPHOCYTES 

Lymphocytes can be classified morphologically 
as small (Figure 6.16), medium or large. On a func- 
tional basis they are classified as T lymphocytes, 
B lymphocytes or null cells (non-T, non-B 
lymphocytes). 
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Figure 6.16: SmaN lymphocytes in felrne blood These cells 
have a narrow rim o f  cvto~lasm and round nuclei whtch are . .  . 
notched or slighlly indented. (0 AXIOM Veterinary 
Laboratories.) 

Lymphocyte production 
All lymphocytes arise from a common bone marrow 
precursor. Immature T lymphocytes are exported to 
the thymus where they undergo maturation before 
being released to populate the secondary lymphoid 
tissues (e.g. lymph nodes, spleen and mucosal lym- 
phoid aggregates). It is helievedthat onesubpopulation 
of T cells may undergo development in the gut. 
B lymphocyte development occurs in the bone 
marrow, but in some species (including the dog) 
some B-cell maturation may occur within the 
gut. Mature B cells are released from these sites 
of primary development to populate secondary 
lymphoid tissues. Anatomically, T cells predominate 
in the thymus, lymph nodes and thoracic duct lymph 
whereas the spleen and bone marrow contain a 
higher percentage of B cells. The distribution of 
lymphocytesinperipheral blood is about 70% T cells, 
20% B cells and 10% nnll cells. Most circulating 
lymphocytes are therefore T cells, which are either 
antigenically nayve (previously unexposed to anti- 
gen) or of the 'memory' subset (retaining memory 
of previous exposure to antigen). Both T and 
B lymphocytes recirculate between lymphoid and 
non-lymphoid tissues of the body by utilizing both 
vascular and lymphatic pathways. 

Lymphocyte function 
Antigenic stimnlation of B cells results in their 
blastic transformation to plasma cells, which are 
capable of synthesizing and releasing immunoglobu- 
lin. Antibody production occurs primarily in second- 
ary lymphoid tissues. Plasma cells are not normally 
present in the circulation; plasma cell leukaemia is 
an uncommon manifestation of multiple myeloma. 
Reactive lymphocytes (immunocytes) (Figure 6.17) 
can be present in low numbers in both healthy and 
ill animals. Increased numbers can he seen in 
young animals and in response to chronic antigenic 

sfusion Medicine 

stimnlation or after vaccination. A small number of 
lymphocytes containingpnrplecytoplasmic granules 
may be present in the blood of normal animals (Fig- 
ure 6.18). Increased numbers of these large granular 
lymphocytes (which are thought to be natural killer, 
NK, cells) can be seen in both non-neoplastic and 
neoplastic conditions (Meyer and Harvey, 1998h; 
Reagan et al., 1998). Large granular lymphocytic 
leukaemia is a relatively rare lymphoproliferative 
disorder of both dogs and cats. 

Figure 6.17: Heucri~w 1y~rrphoc;;ru rn cunrne blood. Nore rhe 
increuserl rmzou,rr ofdurk hnr,,pI,rli~. c)foplnsm. These cellr 
are sonnetrmes called 'immunocytes : Increased numbers 
can be seen in response to antigenic stimulation such as 
follows vaccmation. (@AXIOM Veterinary Laboratories.) 

Fipure 6.18: Larne aranular lvm~hocvte in feline blood . . 
NO& the redd~&rc&le cytop~smrcgranul~s. Low nwnbers 
o f  these cells mav be seen in normal cars and dons. 
(@AXIOM ~eteknary Laboratories.) 

T cells play an important role in cell-mediated 
immunity. They also modulate the humoral immune 
response; disturbances of T-cell function have been 
associated with immune-mediated diseases such as 
haemolytic anaemiaandthrombocytopenia. Cytotoxic 
T cells can kill tumour cells or cellsinfected with virus. 
NK cells are considered to bethedominant formof nnll 
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cell and are important in immune surveillance. 
Antigenic stimulation of T cells, and to a lesser extent 
B cells, results in the production of cytokines, which 
play an important role in the pathogenesis of immuno- 
logical and inflammatory responses. There are several 
families of cytokines that have numerous roles in 
leucocyte development, activation, chemoattraction 
and function. 

The number of lymphocytes in the circulation de- 
pends on their rate of production, utilization and de- 
struction. Since lymphocytes are continually 
recirculating, anincrease or decrease in the number of 
circulating lymphocytes may not necessarily reflect 
altered lymphopoiesis. 

Lymphocytosis 
Lymphocytosis refers to an absolute increase in the 
number of circulating lymphocytes. Causes of lym- 
phocytosis are given in Figure 6.19. 

Lymphopenia 
Causes of lymphopenia are given in Figure 6.20. 

Physiological lymphocytosis: 
With a concomitant neutmphilia this occurs 
inhealthy animals inresponse to exercise, 
excitement and forceful handling. 

This type of response is induced by 
adrenaline and is particularly common in 
fractious cats 

Age: 
Young animals have higher lymphocyte 
counts than adults. Anincreased number of 
reactive lymphocytes (immunocytes) may 
be present, especially after vaccination 

Chronic infections, particularly those which elicit 
an antibody response. An increased number of 
reactive lymphocytes may be present 

Hypoadtenocorticism: the lymphocytosis may be 
accompanied by an eosinophilia 

Lymphocy~c leukaemia: 
Malignant proliferation of lymphoid cells in 
the bone marrow occurs with acute 
lymphoblastic leukaemia and chronic 
lymphocytic leukaemia, and in some cases 
of lymphoma. 

It is worth remembering, however, that 
the presence of neoplastic lymphoid cells 
in the bone martow may not necessarily 
result in the presence of similar cells in the 
peripheral blood and that some affected 
animals may have normal or even low 
lymphocyte counts 

Figure 6.19: Causes of lymphocytosis 

Systemic stress: 
Physiological lymphopenia is a feature of 
the stress leucogram and is typically 
associated with a neutrophilia and 
eosinopenia 

Endogenous or exogenous glucocorti~oids: 
Hyperadrenocorticism and glucocorticoid 
administration result in haematological 
changes similar to those described above 
for the stress Ieucogram 

Viral infections: 
Lymphopenia is associated with the acute 

phase of most vital infections (ag. canine 
distemper virus, infectious canine 
hepatitis). 

Nentcopenia may also occut in cats 
infected with feline leukaemia virus or 
feline immunodeficiency virus 

Chylothorax: results in theloss of efferent lymph 
Lymphangiectasia: results in the loss of afferent 
lymph 

Immunosuppressive therapy or irradiation 
Hereditary or acquired immunodeficiency 
syndromes, e.g. acquired feline leukaemia 
vim-related immunodeficiency orfeline 
immunodeficiency virus infection 

Figure 6.20: Causes of lymphopenia. 

COMMON WHITE BLOOD CELL 
RESPONSES 

Physiological responses 

Age-related changes in leucocyte number 
Total leucocyte counts tend to be higher in young 
animals of less than 3 months of age, primarily as a 
result of an absolute increase in the number of 
lymphocytes. Young animals thereforehavea greater 
tendency to develop physiological lymphocytosis 
than adults. The total number of lymphocytes 
decreases gradually reaching normal adult values 
by 3-6 months of age. 

Adrenaline-induced physiological leucocytosis 
Physiological leucocytosis, mediated by the release of 
adrenaline, occurs in response to exercise, excitement 
and fear. This type of response occurs more frequently 
incatsthanindogsandis morecommonlyseeninyoung 
animals. Increased blood flow results in a shift of cells 
from the marginal to the.circulating pool, and the 
development of a mild nentrophilia without a left shift. 
Alterations in WBC number occur rapidly but the re- 
sponse is transient, with WBC numbers returning to 
normal within30 minutes of removal of thestimulus. In 
cats particularly, the neutrophilia isoften 
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by a lymphocytosis (absolute lymphocyte count may be 
as high as 10.0 x 109/l). Eosinophil and monocyte 
numbers are usually within normal limits but occasion- 
ally may he slightly increased. 

Leucocyte response to stress or glucocorticoids 
(stress leucogram) 
Stressful stimuli, in the form of pain, trauma, surgical 
procedures, extremes of body temperature and severe 
debilitating disorders such as sepsis, toxaemia, severe 
anaemia or metabolic disease, cause the release of 
endogenous glncocorticoids from the adrenal cortex. 
A similar stress response may also occur during late 
pregnancy in bitches. The WBC changes that occur in 
response to stress mimic those that occur with sponta- 
neous hyperadrenocorticism or following the admini- 
strationofexogenous glucocorticoid preparations. The 
'stress' leucogramis characterizedby mildneutropbilia, 
usually with no left shift, in association with eosino- 
penia, lymphopenia and occasionally monocytosis 
(Ivmohouenia and eosinouenia are the most consistent . <  . A 

indicators of 'stress' or hypercortisolaemia and may 
occur in the absence of a neutrophilia). Neutrophilia is 
caused by a shift of marginated neutrophils into the 
circulating pool, increased release from bone marrow, 
increased circulating life span (neutrophils may appear 
hypersegmented) and decreased diapedesis of cells 
into the tissues. This type of physiological response is 

Regenerative left s h i i  
A regenerative left shift is defied as an absolute 
increase in the total number of mature segmented 
neutrophils, which is accompanied by the appearance 
of immature neutrophil precursors in the circulation 
(the number of immature forms is usually less than 
10% of the totalnumber of segmented neutrophils). A 
reactive neutrophilia with a left shift (Figure 6.21) can 
be observed in various inflammatory disease states 
that resultinanincreasedtissuedemandfornentrophils. 
The left shift that accompanies a reactive neutrophilia 
is usually orderly and pyramidal. In contrast, the neu- 
trophilic left shift that may occur in cases of acute or 
chronicmyeloid (ormyelomonocytic) leukaemiaoften 
seems less orderly, reflecting abnormal cellular matu- 
ration and differentiation. The extent of the left shift 
generally reflects the severity of the inflammatory 
response (or leukaemic process), whereas the magni- 
tude of the total cell count reflects the ability of the 
marrow to meet the increased demand for cells. 

more 'chronic' than the adrenalme-induced response. 
After the administration of exogenous glucocorticoid 
preparations, alterations to WBC numbers can be band 

expected within hours. The duration of this response 
deuends on whether the glucocorticoid  reparation is 
shbrt or long acting. ~ l ; h o u ~ h  the magni&de of the 
neutrophilia may decrease with time, eosinopenia and 
lyrnphopenia persist for as long as the circulating level 
of glucocorticoid remains increased. Figure 6.21: Neutrophilia with a lefi ski@ in canine blood. 

Band neutrophils and a mefamyelocyte (met) can be seen. 
lencocytosis be differenti- Nore also that these are showing toxic changes, 

ated from reactive leucocytosis, which occurs in re- (QAXIOM Veterinan, Laboratories) 
sponse to disease (see below). 

PhysioIogical leucopenia 
Reduced blood flow in the anaesthetized animal may 
result in margination of circulating neutrophils and a 
physiological leucopenia. 

Inflammatory responses 
Inflammatory WBC responses may be initiated by 
infectious or non-infectious disease processes that result 
in an increased demand for Ieucocytes in tissues. The 
productionandrelease of neutrophils from bone marrow 
increases to compensate for increased tissue demand, 
causing aneutrophilia. As thestorage pool of neutrophils 
becomes depleted, bandneutrophils or earlier precursor 
stages are released into the circulation (left shift). 
Depending onthe type of antigenic stimulus, monocytes 
and eosinophils may also be produced and released in 
increased numbers into the circulation. 

The left shift can be graded depending on the 
relative numbers of band neutrophils and younger 
stages present in the blood: mild (bands only present), 
moderate @andsandmetamyelocytespresent) or severe 
(bands, metamyelocytes, myelocytes and occasionally 
promyelocytes and myeloblasts present; leukaemoid 
response). 

Degenerative left shift 
A degenerative left shift occurs when the number of 
immatureneutrophils exceeds or is greaterthan 10% of 
the total number of mature neutrophils. The total 
number of mature neutrophils may be decreased, nor- 
mal or slightly increased. A degenerative left shift 
indicates depletion of the bone marrow reserve of 
segmented neutrophils. In contrast to a regenerative 
left shift, a degenerative left shift constitutes a less 
favourable prognostic sign. 
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Peracute inflanlmatory response 
The peracute inflammatory response is usually a 
consequence of severe overwhelming infection, par- 
ticularly Gram-negative sepsis associated with endo- 
toxaemia (e.g. a bitch with colifocm septicaemia and 
endotoxaemia resulting from a closed pyometra). Neu- 
trophil production and release is unable to meet the 
sudden increased demand for neutrophils, resulting in 
neutropenia and a degenerative left shift, which may be 
accompanied by stress-inducedlymphopeniaandeosino- 
penia. If the animal survives this peracute phase, the 
total WBC count should return to normal and then start 
to increase within 24-48 hours so that the WBC picture 
resembles that of the acute inflammatory response. 

Acute infla~n~natory response 
The classic WBC response to an acute inflammatory 
focus is characterized by a neutrophilia with a left shift. 
A similar type of WBC picture can occur postopera- 

tissue necrosis). These haematological features are 
typical of the classic chronic inflammatory response 
that occurs, for example, in dogs wit11 subacute 
bacterial endocarditis or pyelonephritis. 

In some cases, however, the continued excessive 
demand for neutrophils results in exhaustion of the 
storage pool and the development of leucopenia (neu- 
tropenia) and a degenerative left shift (i.e. a 
haematological picture resembling a peracute inflam- 
matory response). The prognosis in such cases is 
usually more guarded (see below). 

Prognostic indicators 
The following baematological abnormalities occur- 
ring singly or in combination may be regarded as less 
favourable prognostic indicators: 

- Normal or low total leucocyte count with a 
degenerative left shift 

tively in response to tissue damage and stress. A more . Persistent neutropenia 
pronounced neutrophilia occurs wit11 localized infec- . Persistent lympllopenia and/or eosinopenia 
tions. The production and release of neutrophils in- 
crease to compensate for increased tissue demand. As 
the marrow storage pool becomes depleted, band 
neutrophils or earlier maturation stages are released 
into the circulation. 

Leukaesroid response: A leukaemoid response is 
characterized by an intense neutrophilia accompa- 
nied by a pronounced regenerative left shift. In 
some cases the total leucocyte count may exceed 
80 x 109/1, and the left shift frequently includes 
metamyelocytes and myelocytes. Most leukaemoid 
responses are associated with localized infections 
(e.g. closed pyometra, pyothorax or peritonitis) and 
must be differentiated from chronic myelogenous 
(granulocytic) leukaemia. In some cases a leukaemoid 
response may involve other leucocyte types such as 
lymphocytes or eosinophils. 

Lencoe~ytlzroblastic reaction: A leucoerythroblastic 
reaction typically occurs in response to acute blood 
loss or haemolysis. Nucleated red blood cells 
(normoblasts) and immature granulocyte precursors 
appear simultaneously in increased numbers in the 
circulation. Other causes include disseminated hae- 
mangiosarcoma and myeloproliferative disorders such 
as erythroleukaemia. 

Chronic inflammatory response 
Progression of an acute inflammatory response 
depends on the ability of the bone marrow to meet 
the continued tissue demand for neutrophils. If the 
marrow production of neutrophils equilibrates with 
tissue demand a steady state situation occurs. The 
neutrophilia may be relatively mild and may be 
associated with a variable left shift and absolute 

I monocytosls (the latter is more indicative of ongoing 

~eukaemoid response 
Toxic changes present in neutrophils 

HAEMATOPOIETIC NEOPLASIA 
INVOLVING WHITE BLOOD CELLS 

The term leukaemia describes the neoplastic prolifera- 
tion of one or more haematopoietic cell lines in the 
bone marrow. The neoplastic cells usually enter the 
circulation and may also infiltrate other organs, most 
notably, the spleen, liver and lymph nodes. Therefore 
most leukaemias, including rnyeloproliferative disor- 
ders involving the granulocytic, monocytic, erythroid 
or megakaryocytic cell lines, either singly or in combi- 
nation, and some lymphoproliferative disorders (pri- 
mary lymphoid leukaemias and cases of lymphoma 
that involve the bone marrow) are characterized by an 
increased total WBC count. 

Leukaemias are classified as acute or chronic de- 
pending on the degree of cellular differentiation and 
maturation (see Chapter 8). Acute leukaemias are 
generally characterized by a large number of abnormal 
circulating blast cells and, in addition to a mild to 
moderate leucocytosis, affected animals are often con- 
currently anaemic and/or thrombocytopenic. Some 
acute leukaemias, particularly acute lymphoblastic 
leukaemia, may present with normal or even low total 
WBC counts (a situation paradoxically referred to as 
aleukaemic leukaemia) or there may be only a few 
blast cells present in the circulation (subleukaemia). 

In comparison, chronic jeukaemias are character- 
ized by the production of well differentiated cells. 
They almost invariably present with a pronounced 
leucocytosis (the predominant cell type depends on the 
particular cell line involved) and other cytopenias, if 
present, are usually less severe. Diagnosis of chronic 
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CHAPTER SEVEN 

Disorders of Leucocyte Function 

Michael J. Day 

INTRODUCTION 

The present chapter considers disorders in which an 
animalmay have persistent inflammatory or infections 
disease associated with functionally defective periph- 
eral blood leucocytes. Such disorders of leucocyte 
function may be broadly divided into those that are 
acquired in adult animals and those that are congenital 
diseases of younger animals, which are likely to have 
an inherited basis. The former group are relatively 
more common and occur as part of a wide spectrum of 
metabolic or infectious diseases, or secondq to drug 
therapy. By contrast, well documented examples of 
congenital defects in leucocyte function in small ani- 
mals are rarely encountered. 

The apparent rarity of such diseases may in part 
reflect the lack of widely available means to diagnose 
them. Tests of leucocyte function are. generally only 
available in a research context and, as such, access to 
them by veterinary surgeons in general practice is re- 
stricted. Despite this poor availability, it is generally 
inadvisable to submit samples from such animals to 
laboratoriesthat deal primarily withdiagnosis in hntnans. 
There are specific requirements for the isolation of 
animal leucocytes and the performance of in v im test- 
ing, and the interpretation of such assays is best per- 
formed by an experienced veterinary immunologist. 
The preferred sample fortesting of leucocytefunctionis 
blood in preservative-free heparin, and a minimum 
volnmeof lomlis generally required. Inmost instances 
the laboratory will require control samples from one or 
two clinically normal, age-matchedanimals, whichwill 
be run in parallel with the test samples. 

This chapter considers the range of in vitro assays 
that have been established for the assessment of the 
function of neutrophils, monocyte-macrophages and 
lymphocytes insmallanimals. The situations in which 
abnormal function may reflect an acquired problem 
are reviewed and the documented instances of primary 
congenital defects of leucocyte function discussed. 

TESTS OF LEUCOCYTE FUNCTION 

Figure 7.1 summarizes the range of tests available for 
assessing leucocyte function. 

I%eutrophil function 1 
Neutrophil chemotaxis 
Nentrophil phagocytosis and killing I - - 
Neutrophil res$ra&y burst after phagocytosis 
aonocyte-macrophage,fnnction 
Macroohace ohagocvtosis and killing . - .  - ,  ., 

I$ymphocyte function 
Mitogen-driven lymphocyte proliferation 
Antigen-driven lymphocyte proliferation 
Cytokine protein or mRNA production by 
stimulated lymphocyte cultures 

Antibody production by stimulated lymphocyte 
cultures 

Cytotoxic killing of labelled target cells 

Figure Z l :  Tests of leucocytefunctron, 

Tests of neutrophil function 
The neutrophil undertakes a variety of activities while 
participating in the inflammatory response in vivo. 
These cells must be mobilized from the bloodstream 
into extravascular tissue via molecular interactibns 
mediated by adhesion molecules and are attracted 
along chemotactic gradients to sites of inflammation. 
Here they phagocytose appropriately opsonized parti- 
cles or microorganisms and perform intracellular kill- 
ing of such organismsvia metabolic pathways involving 
oxygendependent andindependentmechanisms. Each 
of these major functions of the neutrophil can be 
assessed by in vitro assay. 

Isolation of neutrophii from peripheral blood 
Several methods have been described for the isolation 
of neutrophils from peripheral blood. A study by 
our laboratory has compared the viability and yield 
of neutrophils obtained after percoll gradient centrifu- 
gation, dextran sedimentation followed by centrifuga- 
tionover ficoll or centrifugation throughcommercially 
available medium for isolating neutrophils (Shearer 
and Day, 1997). The optimum protocol was that in- 
volving dextran sedimentation followed by ficoll cen- 
trifugation, which yielded about 65% of the total 
number of neutrophils in the whole bloodsample, with 
a viability of 98% and neutrophil purity of 99%. 
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Neutrophil ehemotaxis 
Isolated neutrophils can migrate along chemotactic 
gradients established in vitro by the use of various 
chemical agents, sernm, cytokines, complement 
components or other inflammatory mediators 
(Nagahata et al., 1991; Thomsen et al., 1991). The 
Boyden chamber or the under agarose assay is the 
most commonly used means of assessing chemo- 
taxis. In the former, neutrophils are placed into one 
side of a chamber separated from the chemotactic 
agent by a millipore filter through which the agent 
will diffuse. Neutrophils migrate towards, and are 
trapped within, the filter, which can be stained and 
examined microscopically. In the under agarose 
assay, neutrophils placed into one well in an agarose 
gel will migrate towards a chemoattractant placed in 
a second well by moving underneath the gel. This 
movement is again assessed microscopically 
(Nagahata et al., 1991). 

Neutrophil phagocytosis and killing assays 
In neutrophil phagocytosis and killing assays, iso- 
lated neutrophils are incubated under specific condi- 
tions with a known number of particles (e.g. latex 
beads, yeast, bacteria), which have been previously 
opsonized with serum antibody and/or complement. 
Autologous serum from the same animal should be 
used in parallel with normal s e m  to detect any 
deficiency in the presence of opsonins. After a set 
period of incubation, pbagocytosis can be assessed 
by stopping the reaction and examining a stained 
preparation of cytocentrifuged cells. The number of 
neutrophils containing ingestedparticles or the number 
of particles per neutrophil can be measured. Studies 
in our laboratory have addressed the effect of 
opsonization on the phagocytosis of Staphylococcus 
intermedius by neutrophils in the dog (Figure 7.2; 
Shearer and Day, 1997). 

In vitro assays for the intracellular killing ability 
of neutrophils in the dog have also been reported. We 
have developed a micmplate assay in which purified 
canineneutrophils are incubated withaknownnumber 
of opsonized S. intermediusover a 90-minute period. 
After phagocytosis has occurred (10 minutes), extra- 
cellular bacteria are lysed by the addition of specific 
enzyme (lysostaphin), and at various time points 
thereafter (0,30,60 and 90 minutes using quadrupli- 
cate samples) intracellular bacteria are released by 
osmotic lysis of the neutrophils. Serial dilutions of 
the viable intracellular bacteria are then plated on 
nutrient agar and the number of colonies determined. 
The number of viable intracellular organisms at each 
time point is defined by a fraction of the original 
number of phagocytosed organisms (loo%), allow- 
ing a curve of intracellular killing kinetics to be 
produced (Figure 7.3). 

Figure 7.2: Neurrophils 
isolatedfrom the 
peripheral blood of a 
normal dog were 
incubated with 
(a) Staphylococcus 
intenndus opsonized by 
fiesh dogserum or (b) S .  
intermedius withoutprior 
serum opsonization. Affer 
10 minutes the reactions 
were stopped by the 
addition offormal saline, 
and the preparations 
were cytocentrjfuged 
The neutrophils 
effectively phagocytosed 
large numbers of 
opsonized organisms in 
(a), with a high 
proponion of neutrophik 
confaining staphylococci 
&a signi$cant number 
ofstaphylococciper 
neutrophil. By contrast, 
the unopsonized 
staphylococci in (b) were 
poorly phagocytosed 

Time afferphagagtmb (minutes) 

Fiaure 7.3; Assessment of in vitro neutrophil killing of 
~ t ~ ~ h ~ l o c o c c u s  intermedius Opsonized S. intermedius were 
incubated wzth neutrophilsfrom a normal dog and a dog wtth 
a suspected defect of neutrophzlfunction (test dog). 
Phagocytosed organzsms were progresszvely killed by the 
neutrophzlsfiom the normal dog over 90 minutes, but 
defective neutrophzls were unable to kill the phagocytosed 
staphylococc~. 

www.vet4arab.co.cc



Disorders of Leucocyte Function 107 

Assessment of neutrophil respiratory burst 
The respiratory burst of neutrophils after phagocytosis 
of particles can be assessed using the uitroblue 
tetrazolium (NBT) test or chemiluminescence assay. 
In the former, there is reduction of the colonrless NBT 
dye to dark blue formazan, which can be assessed 
spectrophotometrically, and in the latter the release of 
light during the oxidative burst is measured by a 
chemiluminometer or scintillation counter. 

Tests of monocyte-macrophage function 
Peripheral blood monocytes differentiate to become 
adherent macrophages during in vitro culture. The 
ability of these macrophages to phagocytose and kill 
organisms can be examined in a similar manner to the 
nentrophil assays described above. An in vitro assay 
for the ability of canine macrophages to phagocytose 
andkill thespores ofAspergillus was described by Day 
(1987). Peripheral blood mononuclear cells were ob- 
tained by density gradient centrifugation and plated on 
glass in culture medium. After 5-10 days of culture the 
adherent population were pure macrophages. Equal 
numbers of fungal spores and macrophages were 
coculturedfor 2 hours, after which extracellular spores 
were removed by aspiration, and osmotic lysis of 
macrophages was performed to release adherent and 
phagocytosed spores. The percentage killing was then 
calculated. A similar phagocytic assay using Candida 
albicans has also been described for canine 
macrophages (DeBowes and Anderson, 1991). 

Tests of lymphocyte function 

Isolation of lymphocytes from peripheral blood 
Mononuclear cells can bereadiiy isolatedfromperiph- 
era1 blood by the process of density gradient centrifu- 
gation, which involves layering diluted blood on to 
medium such as ficoll-hypaque (Figure 7.4). The cells 
collected from the resulting interface are a mixture of 
T and B lymphocytes and monocytes, and the relative 
proportions of each can be assessed by flow cytometry 
after labelling withmonoclonal antibodies specific for 
unique surface markers of these cells (Cobbold and 
Metcalfe, 1994). These populations can also be used 
for in vitro functional studies. In the first instance it is 
normal to perform preliminary assays on whole 
unfractionatedmononuclear cell preparations, andsome 
assays have also been adapted for whole blood culture 
(Angus andYang, 1978) eliminating the need for prior 
mononuclearcell enrichment. For morerefmedassays, 
it is possible to selectively purify T andB lymphocytes 
or subsets of these cells by methods such as panning, 
passage through nylon wool or immunoglobulin anti- 
immunoglobulin columns, erythrocyterosetting, mag- 
netic bead separation, cytotoxic depletion or cell 
sorting using the flow cytometer (reviewed by Mason 
et al., 1987). 

Dilulrdpl-r 
Di lUt~d W~UIE 

b l o d  Centrifugation 
M"n.n"drarrrli 

'herface' 

, , 

fi"oll-hypaquc 
, , .  , 
. '. : 

- 

Figure 7.4: Isolation ofperipheral blood mononuclear cells 
by separation overficoll-hypaque. A diluted blood sample is 
overlaid on to density gradient medium ficoll-hypaque, 
typical specific gravity 1.077). Afer centrifugation, 
separation occurs and the mononuclear cells at the interface 
can be aspirated with a Pasteurpipene. 

Lymphocyte proliferation assays 
Lymphocyte proliferation assays assess the ability of 
lymphocytes to respond to in vitro stimulation by 
mitogens or antigens by measuring the incorporation 
of radiolabelled thymidine (?H-thymidine) into the 
DNA of dividing cells.Mitogens aresubstances (often 
plant derived) that non-specifically stimulate multi- 
ple clones of lymphocytes by binding to surface 
carbohydrate molecules. Some mitogens seem to 
preferentially activate T lymphocytes (concanavalin 
A, phytohaemagglutinin) whereas others will have an 
effect primarily on B lymphocytes (pokeweed 
mitogen, bacterial lipopolysaccharide, staphylococ- 
cal protein A). Lymphocytes are cultured with mito- 
genfor 48-72 hours and3H-thymidine is added to the 
cultures during the final 18 hours. The cells are 
harvested and the proportion of radiolabel taken up 
by dividing cells determined, to give an index of 
stimulation relative to control cultures of mononu- 
clear cellsfrom clinically normal animals (Kristensen 
et al., 1982). 

In recent years such assays have been extended to 
enable in vitro stimulation using specific antigens 
that selectively activate antigen-specific lymphocyte 
clones through recognition of peptide antigen pre- 
sented by accessory cells to the T-cell receptor. The 
kinetics of such cultures can be examined to deter- 
mine whether a primary or secondary (memory) 
immune response has been made (Bishop, 1995). An 
alternative method of stimulating peripheral blood 
mononuclear cells relies on the response to 
recombinant interleukin 2 (IL-2) included in the cul- 
ture (Helfand et al., 1992; Lawrence et al., 1995). 
Other indicators of cellular activation may be as- 
sessed by phenotypic analysis of the stimulated cells 
after culture. For example, activated T lymphocytes 
have greater expression of the IL-2 receptor (IL-2R) 
(Helfand et al., 1992). 
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Release of cytokines or immunoglobulins by 
stimulated lymphocytes 
When T lymphocytes are stimulated in culture, they 
will release soluble factors (cytokines) to the culture 
medium, which can be harvested by collection of the 
culture supernatant and quantified by enzyme-linked 
immunosorbant assay (ELISA) or bioassay. The latter 
involves the ability of the supernatant to support the 
growth of a cytokine-dependent cell line (Lawrence el 
al., 1995). Cytokines such as II-1, IL-2, 11-6, tumour 
necrosis factor (TNF) and interferon gamma m y )  
have been measured in the cat (Lawrence et al., 1995; 
Rottman et al., 1995) and dog (Mizuno ef  al., 1993; 
Yamahita et al., 1994; Rivas et al., 1995). Altema- 
tively, the cells can be collected from culture after 
stimulation and the presence of cytokine-specific 
mRNA within the cytoplasm determined by polyrner- 
ase chainreaction VCR) (Rottman et al., 1995). There 
is not necessarily correlation between the identifica- 
tion of cytokine mRNA and secretion of the mature 
protein product. Such information provides accurate 
assessment of the normal functioning of lymphocytes 
in vitro and whether there is preferential activation of 
particular lymphocyte subsets upon challenge with a 
specific antigen (F'inelli et al., 1994). 

In the case of B lymphocytes, in vitro stimulation 
may lead to differentiation to plasma cells and release 
of immunoglobulin into the culture medium. Such 
antibody production canbe detectedby examination of 
the culture supernatant by ELISA Wvas et al., 1995). 

Assessment of cytotoxic function 
The function of cytotoxic lymphocytes or natural U e r  
(NK) cells can be assessed in vitro by culturing periph- 
eral blood lymphoid cells with specific radiolabelled 
(51chromiumis oftenused) targetcellpopulations, which 
may include long-termcell lines of knownsusceptibility 
to NK cells, virally infected, histoincompatible or 
tumour cells. Specific ratios of target cells to cytotoxic 
cells are used and the release of radioisotope by dam- 
aged targets measured after a period of culture (Brown 
et al., 1995; Nakada et al., 1995). 

ACQUIRED DEFECTS OF LEUCOCYTE 
FUNCTION 

Figure 7.5 summarizes the acquired defects of leuco. 
cyte function recognized in small animals. 

Physiological 
Tests of leucocyte function should be interpreted in 
light of the age, breed and sex of the animal and with 
a view to temporal factors. It has been shown that 
rnitogen-driven lymphocyte proliferation varies with 
the age of dogs (Gerber and Brown, 1974) and the 
season (Shifrine etal., 1980), and that there is apparent 
diurnal variation in the responsiveness of lymphoid 

I Age of animal 
~ h a l  variation 
Dietary factors 
Hormonal factors (e.g. endogen~ns corticosteroid, 

I urermancv hormones) 

Demodicosis 
Deep pyoderma 
Anal furuucnlosis 
Viral infection 

I Neoplasia 
Deficiency of opsonins (e.g. immufloglobulin, I 

complement) 

Figure 7.5: Acqulred defects ofleucocytefunction. 

cells (AngusandYang, 1978). Dietary factors, particu- 
larly vitamin intake, may affect lymphocyte responses 
to mitogens (Degen and Breitschwerdt, 1986a). The 
hormonal effects of pregnancy on leucocyte function 
have not been well characterized in small animals. 

Drug therapy 
Immunosuppressiveand immunomodulatory drugshave 
pronounced effects on the immune system and these 
may be mirrored in the results of in vitro functional 
testing of leucocytes. For this reason, it is optimal to 
havewithdrawnsuchtreaUnentforseveral weeksbefore 
taking samples for functional studies. Corticosteroids 
havewiderangingeffects onthefunctionof granulocytes, 
monocytes and lymphocytes pegen andBreitschwerdt, 
1986a; Cohn, 1991; DeBowes and Anderson, 1991; 
Weiss, 1991), and it has recently been shown that 
cyclosporin can have potent suppressive effects on 
lymphocyte proliferation, even after absorption follow- 
ing topical administration for keratoconjunctivitis sicca 
(Gilger et al., 1995). 

CD4' T lymphocyte balance 
Recent work with experimental animal models has 
found that polarization of immune responses towards 
humoral (antibody-mediated) or cell-mediated activity 
is regulated by the preferential activation of subsets of 
theCD4'T-cellpopulation (Th2 andTh1,respectively). 
This phenomenon of 'immune deviation' may also hold 
for particular disease states in domestic animals. For 
example, dogs that are susceptible to visceral leishma- 
niasis make high concentrations of antibody but weak 
cell-mediated responses, with reduced in vim produc- 
tion of cytokines such as E-2 and TNE. Dogs resistant 
to the disease have thereverse profile of immunological 
activity (Pinelli et al., 1994). Such preferential activa- 
tion of specific facets of the immune response may be 
driven by numerous factors including the nature, dose 
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and route of antigen exposure andthe local tissue milieu 
(hormones and cytokines) at the site of exposure. 

Chronic disease 
Animals with chronic infectious, inflammatory or 
neoplastic disease often show reduced leucocyte func- 
tion in vitro. In the past this has sometimes been 
attributed to a primary leucocyte defect that predis- 
poses the animal to expression of the disease, but it is 
now considered more likely that the inflammatory and 
immune responses active in chronic disease them- 
selves cause depression of leucocyte function. There 
are numerous examples of such observations through- 
out the literature, some of which have been misinter- 
preted as primary immunodeficiency. 

Dogs with demodicosis often have depressed 
lymphocyte proliferation, and early studies suggested 
that this was related to a suppressive factor found in 
antologous serum (Scott et al., 1974; Hirsch et al., 
1975). This serum factor may in turn be associated 
with concurrent bacterial pyoderma (Barta and 
Turnwald, 1983), and it has been proposed that serum 
immune complexes of antibody and staphylococcal 
antigen may act in this manner (DeBoer, 1994). More 
recent work has extended these observations by show- 
ing decreased production of IL-2 and decreased ex- 
pression of II-2R by stimulated lymphocytes from 
dogs with demodicosis (Lemarie et al., 1994). Simi- 
larly, decreased neutrophil chemotaxishas beenshown 
when neutrophils from normal dogs were incubated 
with serum from dogs with demodicosis (Latimer et 
al., 1983). Serum factors able to suppress proliferative 
responses of autologous lymphocytes have also been 
identified in Basenji dogs with immunoproliferative 
small intestinal disease (Barta et al., 1983) and arange 
of other disorders (Barta and Oyekan, 1981). 

Some breeds of dog are susceptible to deep p y o  
derma, and immunodeficiency has been proposed as an 
underlying cause. Suchanimals do often have decreased 
lymphocyte proliferation (Miller, 1991) hut this is un- 
likely to be a primary event. Recent studies have sug- 
gestedthat more subtle leucocyte abnormalities, suchas 
failure of homing of cutaneous T lymphocytes (Day, 
1994) or an imbalance of CD4:CD8 T cells (Chabanne 
et al., 1995), may occur m suscepbble dogs. Decreased 
chemotaxis of neutrophils has been found as a second- 
ary event indogs withpyoderma (Latimer etal., 1982). 

Similarly, dogs with anal furunculosis may have 
depression of mitogen-induced lymphocyte ptolifera- 
tion, but these responses return to normal after recov- 
ery from the disease (Killingsworth et al., 1988). 
German Shepherd Dogs with nasal or disseminated 
aspergillosis are recorded as having depression of 
lymphocyte proliferation (Barrett et al., 1977; Day et 
al., 1986; Day, 1987) and neutrophil NBT reduction 
p a y  et al., 1986) but these observations are again 
likely to be due to chronic depression of cell-mediated 
immunity (Figures 7.6 and 7.7). 

a$ergrllos~. Such ankals  may have depresslon offunction of 
lymphocytes andneutrophrls in vitro, however these$ndings 
are hkely to be secondary to chronrcally hrgh concentrations 
of inflammatory mediators and cyrokines or to the release of 
fungal lmmunosuppressrve metabol~tes (Day, 1987). 

Figure 7.7: Datafrom a German Shepherd Dog wlth 
d~ssemmated aspergillosis showing serial monitoring of 
blood lymphocyte count and response to stimulation of 
uur~fied mononuclear cells with uhvtohaemaanlut~nin in 
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Miniature Dachshunds seem to be predisposed to 
respiratory disease caused by Pneumocystis carinii, 
and an underlying immunodeficiency has been postu- 
lated to explain this association (Farrow et al., 1972; 
Copland, i974; Botha and van Rensburg, 1979; 
McCully et al., 1979). Despite this, few published 
studies have been performed. Two cases dealt with by 
this author had no evidence of depressed lymphocyte 
response to mitogen. 

Viral infection may cause acquired abnormalities 
of leucocyte function. Cats with feline immunodefi- 
ciency virus infection have depressed response of 
peripheral blood mononuclear cells to T- and B-cell 
mitogens (Bishop, 1995; Callanan, 1995) associated 
with reduced production of a - 2  (Lawrence et al., 
1995), and there is reduced ability of these cells to 
respond to primary or secondary stimulation with 
antigens in vitro (Bishop, 1995). Canine distemper 
virus, canine parvovirus and feline leukaemia virus 
infections may also suppress lymphocyte proliferative 
responses to mitogens (Krakowka et al., 1975; Degen 
and Breitschwerdt, 1986a). 

In the case of neutrophils and macrophages, 
apparent dysfunction of chemotaxis or phagocytosis 
may be attributable to underlying deficiency of 
opsonins such as serum immunoglobulin or comple- 
ment. Serum from dogs with deficiency of the third 
component of complement (C3) was inefficient at 
opsonizing Piteunlococcus for phagocytosis by 
neutrophils from normal dogs and failed to effec- 
tively attract such neutrophils after zymosan activa- 
tion (Winkelstein et al., 1982). In the dog, the 
adherence of neutroohils to nvlon wool has been 

Immunodeficiency of Weimaraners 
In 1980 a colony of Weimaraners was described with 
growthhormone deficiency, thymic aplasia and failure 
of peripheral blood lymphocytes to respond to T-cell 
mitogens (Roth et al., 1980). Affected dogs had a 
wasting syndrome and increased susceptibility to in- 
fection. Since 1984, an apparently separate syndrome 
of chronic recurrent infection in young Weimaraners 
has been recognizedin Australia (Studdertetal., 1984; 
MJ Day, unpublished observations), the United States 
(Coutoetal., 1989),Belgium(Hansenetal., 1995)and 
theUnitedKingdom(Day etal., 1997). These dogs had 
a left shift neutrophilia, with neutrophil dominated 
inflammatory lesions at postmortem examination. A 
range of immunological tests has been performed on 
these populations. In the initial series of dogs there was 
no apparent abnormality in neutrophil or lymphocyte 
function (Studdertetal., 1984), but subsequentstudies 
by Couto et al. (1989) suggested that a primary defect 
in neutrophil function (chemiluminescence), in the 
face of normal function of lymphocytes, monocytes 
and NK cells, was present in these dogs. A single case 
reported by Hansen et a[. (1995) showed defective 
neutrophil phagocytosis in vitro despite normal re- 
sponses to chemotactic agents. More consistently, 
reduced concentrations of serum IgG have been docu- 
mentedinthese animals (Couto etal., 1989; Hansen et 
al., 1995; Day et al., 1997): but there is debate as to 
whether this is a primary event or secondary to immune 
complex formation. The syndrome of hypertrophic 
osteodystrophy that is recognized in Weimaraner pup- 
pies may have some overlap with this immunodefi- 
ciency disorder, and one Eroup of dogs with 
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sho\vnto bcdccrcasedin tl~cosc \vithpuorl!.controllrd mcthaphy,r~I lcsionb were repurtctl to ha\.e ioncur- 
diabetes mellitus (Latimer ;lt~d Slahaffry, 1984) and rent s!steniic cliscasc and hypogam1i1a~lohulin;iemi~ 
this may have a role in the occurrence of secondary 
infections in this disease. A deficiency of granulocyte 
myeloperoxidase has been documented in lead- 
intoxicated dogs (Caldwell et al., 1979). 

CONGENITAL DISORDERS OF 
LEUCOCYTE FUNCTION 

Figure 7.8 summarizes the congenital disorders of 
leucocyte function recognized in small animals. 

Immunodeficiency of Weimaraners 
Granulocytopathy of Irish Setters (CLAD) 
Neutrophil defects in Dobermann Pinschers 
Canine cyclic haematopoiesis 
Pelger-Huet anomaly 
Chediak-Higashi syndrome 
X-linked combined immunodeficiency 
Immunodeficiency syndrome of Irish Wolfhounds 
Lethal acrodermatitis of Bull Terriers 

Figure 7.8: Congenital defects of leucocytefir~~ctio~z. 

(Abeles et al., 1999). 

Granulocytopathy of Irish Setters (CLAD) 
In 1975 anIrish Setter with chronic recurrent infection 
associated with pyrexia and neutrophilia was investi- 
gatedfor suspectedimmunodeficiency. Abnormalities 
in the bactericidal activity of neutrophils following 
normal phagocytosis were discovered, and the disease 
was reported to be inherited in an autosomal recessive 
manner (Renshaw et al., 1975, 1977). The disorder 
was termed canine granulocytopathy syndrome. Sub- 
sequent studies showed that neutrophils from the 
affected dog had reduced glucose oxidation by the 
hexose monophosphate shunt but an increased ability 
to reduce NBT (Renshaw and Davis, 1979). Some 
years later, an Irish Setter with severe bacterial infec- 
tions and lack of tissue pus formation in the face of 
peripheral bloodneutrophilia was reported by Giger et 
al. (1987). The dog had inherited a deficiency in the 
expression of surface integrin molecules (CDl l b  and 
CD l8), whichmanifested as an inability ofneutrophils 
to adhere to various surfaces in vitro and, by extrapo- 
lation, to vascular endothelium in vivo. Neutrophil 
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chemotaxis and aggregation were also impaired. The 
defect was thought to be inherited in an autosomal 
recessive manner but a relationship to the canine 
granulocytopathy syndromewasnotdefinitively estab- 
lished. A deficiency in leucocyte adhesion molecules, 
now known as canine leucocyte adhesion deficiency 
(CLAD), is also recognized in Irish Setters in Sweden 
(Trowald-Wigh et al., 1992, 2000) and the United 
Kingdom. A molecular diagnostic test forthis disorder 
hasrecently been reported by the Swedish group (Kijas 
et al., 1999). 

Neutrophil defects in Dobermann 
Pinschers 
In 1987 a series of  related Dobermann Pinschers with 
chronic rhinitis and pneumonia was reported. These 
dogs showed defective killing by neutrophils of  phago- 
cytosed Staphylococc~s and had a reduced ability to 
reduce NBT and produce superoxide after stimulation 
by opsonized zymosan (Breitschwerdt etal., 1987). The 
relationshipoftlussyndrome tothegranulocytopathy of  
Irish Setters has not been determined. 

Canine cyclic haematopoiesis 
Canine cyclic haematopoiesis (also called cyclic neu- 
tropenia or Grey Collie syndrome) is characterized by 
cyclic neutropenia (every 12 days) in addition to 
myeloperoxidase deficiency of  neutrophils (Chusid et 
al., 1975). The dogs have diluted coat colour and 
display a range of  clinical signs during theneutropenic 
episodes. Cycling of  monocytes, reticulocytes and 
platelets also occurs (Trail et al., 1984). There is no 
genetic mutation of  haemopoietic stem cell factor 
(Dale et al., 1995). The disease is inherited in an 
autosomal recessive manner. 

Pelger-Huet anomaly 
The Pelger-Huet anolnaly has been documented in 
several dog breeds including the American Foxhound 
and Basenji. There is decreased segmentation of  
granulocyte nuclei, and defective neutrophil chemo- 
taxis in affected dogs has been described (Bowles et 
al., 1979) but not confinned by later studies (Latimer 
et al., 1989). These functional defects appear not to 
predispose to infection (Hoskins and Taboada, 1992). 
The anomaly also occurs in the cat where there is 
additional abnormality o f  monocytes and 
megakaryocytes (Weiss, 1991). 

Chediak-Higashi syndrome 
The Chediak-Higashi syndrome is recognized in the 
Persian and is characterized by abnormal lysosomes 
and granules within the cytoplasm o f  granulocytes. 
This abnormality may be associated with defective 
neutrophil chemotaxis, degranulation and bactericidal 
activity (Weiss, 1991). It is accompanied by abnor- 
malities of  coat and ocular fundic pigmentation and 
increased susceptibility to infection (Guilford, 1987). 

X-linked combined immunodeficiency 
Severe combined immunodeficiency (SCID) is recog- 
nized as an inherited, X-linked recessive trait in Basset 
Hounds and Corgis, which succumb to severe bacterial 
and viral infections after loss of  maternally derived 
immunity by 8-16weeksofage.Thedogshavethymic 
hypoplasia and lymphopenia. Isolated lymphocytes 
fail to respond to the mitogens phytohaemagglutinin 
and concanavaliu A or to recombinant IL-2, but IgM 
synthesis can be detected after exposure to PWM. 
Recent studies have shown that these findings are 
secondary to mutations in the common y chain of  the 
receptors for IL-2, IL-4, IL-7, IL-9 and IL-15 and that 
the mutations in Bassets and Corgis are different 
(Somberg et al., 1994, 1995; Felsburg et al., 1999). 

Immunodeficiency syndrome of Irish 
Wolfhounds 
Chronic recurrent respiratory disease has been recog- 
nized in related Irish Wolfhounds in several geographi- 
cal areas, and an underlying immunodeficiency has 
been proposed. One reported shldy of  three cases has 
identified subnormal mitogen-driven lymphocyte pro- 
liferation inaffecteddogs, whichmightbeinterpretedas 
anunderlyingdefectofcell-mediatedimmunity (Leiswitz 
et al., 1997). By contrast, other research has identified 
serum IgA deficiency in affected pedigrees (Day, 1998) 
and these investigations are ongoing. 

Lethal acrodermatitis of Bull Terriers 
Lethal acrodermatitis is an inherited syndrome of  Bull 
Terriers characterized by retarded growth, cutaneous 
hv~erkeratosis and infections o f  the skin and res~ira- , 
tory tract (Jezyketal., 1986). These dogs have subnor- 
mal plasma zinc concentrations and show depletion of  
T lymphocytes from tissue and depressed l y~phocy te  
proliferative responses to mitogens, in the face of  
normal phagocytosis and killing by neutrophils. 

DIAGNOSTIC APPROACH TO 
SUSPECTED DISORDERS OF 
LEUCOCYTE FUNCTION 

Animals withsuspected disorders of leucocyte function 
are likely to fall into two major groups as defined by an 
acquired or congenital pathogenesis. Acquired defects 
of  leucocyte function occur as secondary phenomena in 
adult animals, and the diagnostic approach should focus 
on characterization of  the underlying disease state. 
Inherited defects of  leucocvte function should be con- 
sidered when young littermates present with chronic 
recurrent infections (often involving the skin or respira- 
tory tract) that do not respond to standard antimicrobial 
therapy or recur after cessation oftherapy. The differen- 
tial diagnoses include other primary immunodeficiency 
disorders such as immunoglobulin or complement defi- 
ciency, oraplasia of lymphoid tissue withleucopenia. A 
diagnostic approach to such disease should include: 
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. A haematology profile, specifically a differential 
leucocyte count and morphology 
Serum protein analysis, specifically the 
determination of globulin concentrations . Characterization of any infectious agent by culture . A full postmortem examination of any dead 
littemates, with histological examination of 
lymphoid and haemopoietic organs. 

Where available, appropriate immunodiagnostic 
tests would include: 

- Quantification of serum im~nunoglobulins and 
complement - The ability of peripheral blood lymphocytes to 
respond to mitogens - Neutrophil and macrophage functio11. 

Such tests are not widely available to veterinary 
surgeons in the United Kingdom, although quantifica- 
tion of serum immunoglobulins (IgG, IgM, IgA for 
dogs; IgGfor cats) is performed by the Clinical Immu- 
nology Diagnostic Laboratory at the University of 
Bristol. 

THERAPY FOR DISORDERS OF 
1.EUCOCYTE FUNC1'ION 

Appropriate anti~nicrobial therapy for Inany of the 
diseases described will result in clinical improvement 
but in the case of the primary congenital lencocyte 
defects this will only be a temporary effect as such 
diseases are often lethal. Although a variety of thera- 
peutic approaches has been used in primary and sec- 
ondary leucocytedisorders,theeffectshave beenpoorly 
characterized, and Inany such treatments are still con- 
sidered experimental. Genetic counselling should be 
given to breeders when inherited defects of leucocyte 
function are diagnosed. 

Imi~~unon~odulatory agents 
A ra~~geofimmunomodulatory agentshas been used in 
therapeutic trials in the dog, but their iln~nu~lological 
effects are poorly defined. These include products 
suchas staphage lysate (DeBoer et nl., 1990), staphoid 
A-B (Pukay, 1985), killed Propionibacterirrllz (Becker 
etnl., 1989) and levamisole (DegenandBreitschwerdt, 
1986b; Guilford, 1987). Thepotential for development 
of side effects after administration of levalnisole is 
considered to outweigh the usefulness of this agent. 

Hormones 
Someofthe Weimaranerpuppies with immunodeficient 
dwarfism reported by Roth ct al. (1984) were treated 
with growth hor~none and fractions of the thymic 
hormone thymosin. Although there was clinical im- 
provement, the defective proliferative response of the 
lymphocytes in these dogs was not normalized. 

Bone inarrow transplantation and 
recoinbinant cytokines 
Cytokines have profound influences on the develop- 
ment and function of leucocytes, and there is potential 
for therapeutic exploitation of this fact. For example, 
reco~nbinant canine granulocyte-colony stimnulating 
factor and recombinant canine stem cell factor have 
been used successfully in the treatment of cyclic 
haematopoiesis (Mishu et al., 1992; Dale ct nl., 1995). 
Bone marrow transplantation has also bee11 success- 
fully attempted in dogs with cyclic haematopoiesis 
(Dale and Graw, 1974; Dale et nl., 1995) 

Genetic approaches 
When defects of leucocyte function are attributed to 
specific genetic abnormalities, the therapeutic use of 
gene replacement therapy may in future be possible. 
Irish Setters with genetic deficiency of leucocyte ad- 
hesion molecules (CLAD) may be a candidate group 
for such an approach (Giger ct nl., 1987), and experi- 
mental gene transfer has already been undertake11 in 
haemopoietic progenitor cells of normal dogs and dogs 
with cyclic haematopoiesis (Karlsson, 1991). 
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CHAPTER EIGHT 

(i) Neutropenia 

Anthony Abrams-Ogg 

INTRODUCTION 

Neutropenia may be an incidental laboratory fmdimg, 
but more commonly it is discovered in the work-up of 
a sick animal.  hen a septic neutropenic animal is 
presented, there are three possible scenarios: 

increase in susceptibility to infection. Secondary 
sepsis occurs, which in turn exacerbates 
neutropenia. Impairment of granulopoiesis is 
usually a facet of acquired generalized 
impairment of haematopoiesis, but neutropenia is 
the first ~erioheral blood abnormalitv to aouear 

& 

Primary bacterial sepsis, where tissue demands because bf &e neutrophil's short lifeespan 

overwhelm marrow granulocyte reserve and Concurrent tissue injury promoting sepsis and 

production, as in bacterial peritonitis. Prior to impaired granulopoiesis, as in parvoviral 

illness the marrow was normal infections and cytotoxic chemotherapy. 

Primary impairment of granulopoiesis, as in Specific causes of neutropenia in the dog and cat 
feline leukaemia v i m  infection, and therefore an are listed in Figure 8.1. 

Figure 8.1: Aetiology of neutropenia in the dog and cat. 

- 
Cyclic haematopoiesis in grey Collies 
Chediak-Higashi syndrome (cats) 
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Canine parvovirus-2 
Feline parvovirus 
Feline leukaemia virus 
Feline immunodeficiency virus (FN) 
Ehrlichimis 
Overwhelming sepsis 
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DIAGNOSIS OF NEUTROPENIA 

Neutropenia is diagnosed with routine haematology. 
If the haemo~ram is obtained by use of an automated 
haematologyanalyser, itis recommended that ablood 
smear be examined to complete the haematological 
evaluation. Whether manual or automated methods 
are used, clots in the sample may result in artificial 
neutropenia. Haemodilution from aggressive fluid 
therapy may result in mild depression of leucocyte 
counts. 

There are no clinical signs associated with neutro- 
penia in itself. Signs are due to the underlying disease 
and infection. When secondary infection occm, most 
neutropenic animals will develop a fever. Occasion- 
ally only lethargy, inappetence and tachycardia occur. 
This is most likely in elderly animals and in animals 
treated with anti-inflammatory drugs, whichmay have 
blunted febrile responses. Septic animals may also 
present with vomiting and/or diarrhoea or may be in 
shock. If granulopoiesis is impaired, the signs of local 
inflammation are subtle, and the site of infection may 
be difficult to identify. 

Diagnosis of the specific cause of neutropenia is 
often possible on the basis of history, physical exami- 
nation and routine laboratory and serological tests. On 
a haemograrn, a minimal left shift and pancytopenia 
suggest that granulopoietic failure is contributing to 
neutropenia. However, many pathophysiological pro- 
cesses affect haematology results and, with the excep- 
tion of the presence of neoplastic cells or certain 
infectious organisms, there are no pathognomonic 
pattern for any given cause of neutropenia. Serial 
evaluation of haemograms may be necessary in some 
cases to explain abnormalities. Bone marrow biopsy 
should be c-onsidered if there is evidence of impaired 
granulopoiesis. 

INFECTIOUS COMPLICATIONS OF 
NEUTROPENIA 

Risk factors 
Several different factors in humans determine the risk, 
severity and outcome of secondary infection during 
neutropenia veld, 1989). These factors include: 

Severity and duration of neutropenia 
Disruption of natural barriers and 
immunosuppression 
Tumour type and biological stage in patients 
with cancer - Microbial organisms involved and site of 
infection. 

These factors seemto be applicable to dogs andcats 
and will be discussed in turn. 

Severity and duration of neutropenia 
Severity of neutropenia is the most important risk 
factor for developing an infection. The risk increases 
exponentially with increasing severity of neutropenia 
(Figure 8.2). As the neutrophil count decreases, dura- 
tionof neutropenia becomes an increasingly important 
factor as well. 

c2.0 x 10911 I -ge I Mild neutropenia with mild 
risk of infection I 

<1.0 x 109/1 

c0.5 lo9/l 

Duration of neutropenia is the most important 
risk factor in determining outcome of an infection. 
When neutropenia is of short duration (c7 days), 
most infections can be controlled with appropriate 
antimicrobial therapy. Infections complicating 
neutropenia of moderate duration (7-14 days) are 
more difficult to treat. Infections in patients with 
prolonged neutropenia (>I4 days) are even more 
difficult to treat, especially if the neutrophil count is 
less than 0.2 x I09/l. The likelihood of clearing 
an established infection with antimicrobial therapy 
decreases in neutropenia because antimicrobial 
agents act insynergy with hostdefences to kill invad- 
ing organisms. 

Cats seem to tolerate better lower neutrophil counts 
and neutropenia of longer duration than do dogs. They 
are at less risk of developing infections, and their 
infections are more easily treated. 

Moderate neutropenia with 
moderate risk of infection 

Severe neutropenia with high 
risk of infection 

~ 0 . 2  x 109/1 

Disruption of natural barriers and 
immunosuppression 
Disruption of natural physical barriers and suppres- 
sionof humoraland cell-mediatedimmunity increases 
the risk of infection during neutropenia. Natural 
barriers are disrupted, with gastrointestinal damage 
during parvoviral infections and anticancer chemo- 
therapy, facilitating invasion by enteric bacteria. 
Intravenous catheterization increases the risk of 
infection with cutaneous organisms. Immuno- 
suppression may be present concurrently with 

Severe neutropenia with very 
high risk of infection 

Figure 8.2: Risk of secondary i$ection during neutropenia. 
For a given degree of neutropenia, a higher risk of infection 
is associated with a decreasing, rather than a stable, 
neutrophil count. 
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myelosuppression, either because of the primary dis- 
ease (e.g. multiple myeloma), as a result of therapy 
(e.g. cyclophosphamide), or because of malnutrition 
secondary to inappetence. The risk of infection in 
neutropenic humans is greater with concurrent lym- 
phopenia and monocytopenia. 

Tunlour type and biological stage in patients with 
cancer 
Infections seconda~y to neutropenia are likely to be 
more severe in humans with acute compared with 
chronic haematological malignancies, haematological 
malignancies in relapse compared with malignancies 
in remission and haematological malignancies com- 
pared with solid tumours. 

Microbiology 
Infections in neutropenic animals may occur with 
environmental and hospital-acquired organisms 
or be acquired from other animals. However, the 
greatest source of infection is the animal's own flora, 
especially of the intestinal tract, which translocate to 
other sites. The most frequently isolated organisms 
are Gram-negative enteric bacilli (Eschericlzia coli, 
Klebsiella spp., Erzterobacter spp.), followed by 
Gram-positive cocci (Staphylococcus spp., Strepto- 
cocciisspp.) (Kowall, 1974; Dow etal., 1989; Couto, 
1990; Turk et al., 1990). Pseudomor~as spp. are 
less frequently isolated but are feared because of 
antimicrobial resistance. Despite being present in 
large numbers in the intestinal tract, anaerobic bac- 
teria arenot commonly the first invaders inopportun- 
istic infection during neutropenia. It is possible, 
however, that anaerobic bacteria contribute to sepsis 
during parvoviral infections since intestinal prolif- 
eration of Clostridium perfrirzgerzs in canine 
parvovirus-2 infection has been documented (Turk 
et al., 1992). 

The most common sites of infection are the blood- 
stream (bacteraemia) and the lung. Infections at these 
sites are more difficult to treat than infections at other 
sites (Feld, 1989). Pneumonia may occur as an oppor- 
tunistic infection by upper respiratory flora or more 
commonly from translocation of intestinal bacteria. 
Local cellulitis may occur, manifested as oedema of 
one or more limbs. Other possible sites of infection 
include the oral cavity, gastrointestinal tract, urinary 
tract, heart and central nervous system. 

Invasive fungal infections with Cartdida spp. 
and Aspergillus spp. have been reported as complica- 
tions of cytotoxic therapy and parvoviral infections, 
but prevalence seems to be low (Kowall, 1974; 
Anderson and Pidgeon, 1987; Rosenthal, 1988). 
The risk of fungal infection increases with the dura- 
tion of neutropenia, duration of antibacterial therapy 
and concurrent immunosuppressive therapy (e.g. 
with cyclosporin). 

PATIENT MANAGEMENT 

In small animal medicine, neutropenia is most 
commonly of short duration (<7 days) and/or of 
mild to moderate severity. Animals with neutropenia 
of prolonged duration usually have only mildly 
depressed neutrophil counts. This is in part due to 
use of only moderately aggressive anticancer chemo- 
therapy and to euthanasia of severely neutropenic 
animals with a poor prognosis for prompt recovery. 
The discussion that follows concerns the manage- 
ment of infection. Underlying diseases should be 
treated in accordance with standard recommenda- 
tions, and any drugs that are suspected of causing 
neutropenia should be withdrawn. Treatment options 
to control infections are: 

- Isolation (reduce risk of increased neutrophil 
demand) 
Antimicrobial therapy: prophylactic therapy 
(reduce risk of increased neutrophil demand) and 
empirical treatment of febrile neutropenic 
patients and therapy of documented infections 
(assist existing neutrophils) 
Granulocyte transfusions (replace 
neutrophils) - Haematopoietic cytokine therapy (stimulate 
neutrophil production and function) 
Removal of the focus of infection (reduce 
existing increased neutrophil demand). 

Isolation 
Isolation reduces the risk of acquiring infections from 
the environment and other animals. Neutropenic ani- 
mals that do not require critical care should be main- 
tained at homeand confined to the houseand garden or 
yard. In the veterinary hospital, contact with the gen- 
eral patient populationshould beavoided. Hands should 
be washed thoroughly and laboratory coats changed 
before handling neutropenic animals. Theuse of gloves 
and isolation gowns should be considered for severely 
neutropenic cases. Body temperature should be 
measured with a thermometer restricted to use in a 
particular patient. Table scraps should be avoided 
and only canned foods offered to dogs and cats with 
severe neutropenia. 

Antimicrobial therapy 
Antimicrobial therapy is the cornerstone of manage- 
ment of neutropenia. It may be divided into three 
categories: 

Prophylactic therapy 
Empirical treatment during febrile episodes 
Treatment of documented infections (where the 
sites of infection and/or infecting organisms are 
known). 
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Prophylactic therapy 
Antimicrobial prophylaxis intheasylnptomaticpatient 
should be considered whenever a neutrophil count of 
less than 0.5 x 109/1 is present or anticipated. Antimi- 
crobial therapy is directed at intestinal flora, with the 
principal objective of reducing the Gram-negative and 
Gram-positive organisms most often responsible for 
infections. This objective is known as 'selective intes- 
tinal decontamination.' The intestinal anaerobic popu- 
lation is left relatively undisturbed since it contributes 
to resistance to fungal overgrowth and colol~ization by 
co~~tagious organisms. A second objective of prophy- 
lactic therapy is to provide sufficient tissue drug levels 
to containan incipientbacterial infection. Drug choices 
for prophylactic therapy are presented in Figure 8.3. 

Antimicrobial propllylaxisis controversial. The ben- 
efits are not clear with respect to reducing infection and 
mortality. Prophylactic therapy in humans seems to be 
more beneficial in reducing infection rates duringsevere 
and prolonged neutropenia than during mild to moder- 
ateneutropenia (Wade, 1994). In onestudy ofveterinary 
cancer patients receiving vincristine-doxorubicin- 
cyclophosphamide chemotherapy, which resulted in 
neutropenic episodes of short duration with a median 
neutrophil count of 0.8 x 109/1, trimethoprim-sulphona- 
mide prophylaxis reduced the number of antibiotic- 
responsive febrile episodes from 40% to 20% (Couto, 
1990). The potential advantages of prophylactic therapy 
include reductions in infection rate, time to onset of 
infection aud speed at which an incipient iufection 
develops into overwhelming sepsis. These benefits fa- 
cilitate home management of neutropenic animals and 
improve quality of life. Potential disadvantages of pro- 
phylactic therapy include drug-induced inappetence 
and vomiting and development of resistant organisms 
(Wade, 1994). Antimicrobial prophylaxis may also be 
an unnecessary expense. However, in most cases treat- 
ing sepsis is more expensive than preventing it. 

Antimicrobial prophylaxis is recommended if severe 
and prolonged neutropenia is anticipated, such as with 
pancytopenia caused by oestrogen toxicosis in dogs. 
Routil~eprophylactic therapy during anticancerchemo- 
therapy is not recommended if the owner can closely 
observe the animal for signs of infection and if the 
anticipated neutropenia is of short duration, such as 
occurs with many commonly used chemotherapeutic 
protocols. Prophylactic therapy is discouraged in cats, 
which are at less risk of infection secondary to neutro- 
penia than are dogs but are at more risk of antibiotic- 
induced gastrointestinaldisorders O(unkleetal., 1995). 
Tlleauthor currently usesprophylactic therapy in dogs 
during the more aggressive chemotherapy protocols 
involving weekly treatments with doxorubicin, cyclo- 
phosphamide and vincristine. Furthermore, for ani- 
mals not receiving prophylaxis, antimicrobial therapy 
is begun in the asymptomatic animal when aneutrophil 
count below 0.5-1.0 x 109/1 is noted on, or anticipated 
from, a pretreatment haemogram. The chemotherapy 
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is not given, and antimicrobial therapy is continued 
until the animal is returned for its next chemotherapy 
treatment 4-7 days later, by which time the neutrophil 
count has usually recovered. In the event that chemo- 
therapy is delayed again because the neutrophil count 
has not sufficiently recovered, antimicrobial prophy- 
laxis is discontinued if the neutrophil count is above 
1.0-2.0 x 109/1. 

The author does not routinely rise antimicrobial 
prophylaxis with protocols involving single agents (e.g. 
doxorubicin or carboplatin) being given every 3 weeks. 
However, if there has been aprevious episode of chemo- 
therapy-induced sepsis and/or neutropenia, then anti- 
microbial prophylaxis is given after the next treatment 
with the offending drug (the dose of which may also be 
reduced), but prophylaxis may be restricted to 5-10 
days after treatment, which is the period during which 
most post-chemotherapy neutrophil nadirs occur. 

Empirical treatment of febrileneutropenicpatiel~ts 
Asymptomatic animals with neutropenia and animals at 
risk of developing neutropenia should have body tem- 
perature monitored. Depending on anticipated risk, this 
may vary from measuring temperature when there are 
signs of lethargy or inappetence to routine monitoring 
2-4 times a day. Axillary temperature measurements 
facilitate home monitoring and are 0.5-1°C lower than 
rectal temperahlre measurements. A rectal temperature 
above 39.0°C in dogs and above 39.2'C in cats should 
be regarded withsuspicion. Atemperatureabove 39.5"C 
in most cases represents a true fever. 

Fever and/or unexplained depression and inappe- 
tence in a neutropenic animal should be considered 
infectious in origin until proven otherwise, and anti- 
microbial therapy should be initiated promptly. In 
most cases of infection secondary to transient 
mnyelosuppression, early therapy with familiar anti- 
biotics and good supportive care will result in a success- 
ful outcome. The animal should beclosely examined for 
any subtle signs of inflammation and an appropriate 
culture obtained. If there is no obvious site of infection, 
blood cultures should be considered before beginning 
therapy. The author currently obtains two simultaneous 
blood cultures of 5-10 ml each from different veins 
(Reller, 1994). Blood cultures are, however, expensive. 
Furthemore, results take 2-7 days to become available 
and often are either negative or do not alter initial 
therapy. For these reasons, the author does not always 
obtain blood cultures during anticancer chemotl~erapy 
when the anticipated duration of neutropenia is short 
and does not routinely obtain them for animals with 
parvoviral infections. Urine culture should also be con- 
sidered, especially if theanimal is polyuric, has signs of 
lower urinary tract inflammation orhas faecal soiling of 
external genitalia. However, therapy should not be 
delayed while awaiting adequate urine production for 
collection. Cystocentesis should not be performed if the 
platelet count is less than 50 x 109/l; a free catch sample 
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Sulphonamides 

Trimethoprim- 
su1phamethoxazole 

15 m&g iw~uuarcu uqe, F V ~ I J  ly uvur 

30 mglkg (combined dose) every 12-24 hours 

15 mg/kg [combined dose) every 12 hours 

I Comment 

No prophylaxis against Pseudomonas spp. 
Risk of keratoconjunctivitis sicca with 

prolonged use 
May retard marrow recovery after severe 

myelosuppression 
As for trimethoprim-sulphamethoxazole hut 

sulphadkzine 1 30 m& (combined dose) cvc& 12-24 hours I more expenshe 
Ormetoprim- 1 55 mdkg on fmt day, thcn 27.5 mdkg every I As for trimethoprini-sulphamethoxazolc bur 
sulphadimethoxine I 24 hours I more expensive 

Fluoroquinolone! - 
Eurofloxacin , 5-10 mglkg every 12 hours (dog) Expensivt 

10-20 mg/kg every 24 hours (dog) Lower do ;elective 
2.5 mg/kg e v w  12 hours (cat) intesiina. --~ntaminauon" 
5 m& every 24 hours (cat) Doses >10 mglkg needed to achieve tissue 

levels effective 3-J Pseudomonas spp. 
Increased inappetence and vomiting at higher 

~OS* 

Risk of blindnnss in cats (uncommon) 

Ciurofloxacin 5-15 m&g every 12 hours As for eutofloxacin 
10-50 mg/kg every 24 hours Smaller tablets with higher strength than 

enrofloxacin, tablet stren@h restricts use to 

1 5 mg/kg every 12-24 h u s  Expensive 
Less well evaluated than enrofloxacin or 

- - 
NQ:p@hylaxis against Pseudomonas spp. 
?Better bioavailability of capsule 
formulation compared with tablets 

AmoxiciLIiii 1@20:n1@& every t2  hours Inexpensive 
No prophylawis against Pseudomonas spp. 
Not first choice, but acceptable for cats not 

tolerating other choices 
Ampicillin causes dia.rrhoea more often than 
does amoxicillin 

A t n ~ d c i l b  12.5-25 mdkg every 12 hours As for amoxicillin 
s w t e  Increased activity against 

Staphylococcus spp., Klebsiella spp., 
Escherichia coli and Bacternide.~ spp. 
compared with amoxicillin 

piam X3: Druz choices for oroohvlacfic oral antimicrobial fherauv for the neunouenic doa and cat. Modified from Abrams- " .  . -  
0;g and Kruth 6~0). Doses adaptedfrOm Allen (1998) and ~ r e & ;  hnd Watson (i998). ~ r u g s  and dmag~spr>sented in bold 
text are those most often used bv the author. Use ofcertain d w s  for urouh~laris durina neutro~eniu mav represent extra-label - .  . . . 
usage. Flex~ble dosllabelling Gecij5es once to twice & I ~ J  use of mostfluoroquznolon& rn do& andcatsdeiend~ng on the 
clinicalsrtuat~on. Once dailv use o f  fluomauinolones in the lower dose range probably remlts in selective inresnnal 
decontamination, although ihrs h&&t bein establrshed for all drugs. ~1ex;bL doszn~spec@es mrce dally use of most 
fluoroauino[ones for treatina svsternic infections andis more approuriate than once daily use ifthe goal of ant~microbuzl .. . 
~ r o p h ~ l a x i s  rsa io  to prov~ze adequate kssue drug levels to treat mcipienr bacterral infictioni ~ n t & n g d ~ r o ~ h ~ l a x i s ,  w~ th  
~vaconazole for example, is used m humans but does not seem to be necessaryfordogs and cats. 
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may be substituted and submitted for quantitative 
culture. Urethral catheterization should be avoided 
because of the risk of introducing infection. Faecal 
cultureshould beconsideredif the animal hasdiarrhoea. 
Thoracicradiographs shouldbe obtainedifthereare any 
respiratory signs and may be considered as pas of the 
minimumdatabase. Anormalthoracic radiograph, how- 
ever, does not mleontpneumonia. Culture oftrachealor 
bronchoalveolar lavage fluid should be performed if 
there are clinical or radiographic signs of pneumonia. A 
serumbiochemicalprohleandabdominal imaging should 
be obtainedifthereisvomiting, abdominaldistensionor 
abdominal pain. All the above tests should be consid- 
ered for any febrile animal presenting with neutropenia 
of undetermined cause withno obvious site of infection 
and for any neutropenic animal that is severely ill. 

It is likely that pyrexia or unexplained depression in 
a neutropenic animal is due to infection. Because 
untreated infection may be rapidly fatal and because 

neutropenic animals have died of sepsis despite 
negative antemortem culture results, the recommenda- 
tion is to initiate empirical antibiotic therapy while 
awaiting culture results, and, in most cases, to continue 
therapy in spite of negative culture results (Hughes et 
al., 1997). Previous culture results, localizing signs, 
Gram-stain of body fluid and the antimicrobial suscep- 
tibility patternof a suspected nosocomial pathogenmay 
assist in antimicrobial selection. If there is a history of 
prophylactic therapy with a fluoroquinolone, a febrile 
episode is most likely due to a Gram-positive organism. 

In most cases the choice of antimicrobial therapy 
must be empirical. The antibiotics chosen should be 
bactericidal, have limited marrow toxicity and be 
active against Gram-negative enteric bacilli, Pseudo- 
monas spp. and Gram-positive cocci. Standardrecom- 
mended dmg doses are employed. A representative 
selection of antibiotics and doses are presented in 
Figures 8.4 and 8.5. 

Figure 8.4: Drug choices for empirical parenteral antimicrobial therapy for the febrile neutropenic dog and cat. 
Modifiedfrom Abrams-Ogg and Kruth (2000). 
*For emmp1e:first-generation cephalosporin plus antipseudomonalpenicilli~firsf-generation cephalosporinplus third- 
generation cephalosporin and third-gtneration cephalosporin + antipseudomonal penicillin. 
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I Dose 

Aminoglycosides 

Netilmycin 2-3 mglkg i.v. tid 
or 6 mglkg i.v. once daily 

Amikacin 5-10 mglkg i.v., i.m., s.c. tid 
or 15-20 mglkg i.v., i.m., s.c. once daily 

Tobramycin 2mg/kgi.v.,i.m.,s.c.tid 
or 6 mglkg i.v., i.m., s.c. once daily 

Gentamicin 2-3 mgFg i.v., i.m., s.c. tid 
or 6-10 mglkg i.v., i.m., s.c. once daily 

Commeut: these drugs are listed in order-of increasing nephrotoxicity. To reduce the risks of nephrotoxicity 
due to aminoglycoside antibiotics: use doses at the lower end of the dose range, use once daily 
administration, avoid their use in dehydrated animals and avoid their use in animals receiving hsemide. 

. . . . , , - : . . . . - . . . . - . - . . - - . - - . . . - - . - - . -. .- - . . . - ,  -~ , . , r  . >$JGP#&,@@*. ~ ~ ~ ~ ~ ~ . >  , , .  . ~ w, i$&*&.& .--~ -77- 
. i  . , 
- -... ~-.~<*~--- ..-... ; L - . . . . ~ -  

Cephazolin 20-30 mglkg i.v., i.m., tid-qid 
Cephalothin 25-40 mglkg i.v., i.m., tid-qid 
Cefoxitin 20-30 mglkg i.v., i.m., s.c. tid-qid 
Ceftazidime 25-30 mglkg i.v., i.m., s.c. tid-qid or 

4.4 mglkg i.v. loading dose, followed by 4.1 mglkg/h i.v. (constant 
I rate infusion) (Moore et al., 1999) 

Comment: the author initially uses these cephalosporins at 30 mglkg i.v. tid 

Fluoro~uinolones ,ti - .,A v . ..,A\... ->we.- 3.  ..-*, *uw,*- --. ----A. ---,-->----,-- - 
Cipmfloxacin 1 5-10 mdkg i.v.(l-hour infusion) once to twice daiiy 

I ~Gofloxacin 1 5-10 mg/kg i.v., i.m. once to twice daily 

Comment: the author initially uses emofloxacin at 5 mglkg i.v. twice daily in dogs and once daily in cats. 
The 10 mg/kg bid dose is only used if Pseudomonas spp. are isolated or suspected. Enrofloxacin is approved 
for i.m. use only, but the solution is irritating to tissues and the author prefers i.v. administration. For i.v. 
injection, the solution should be injected over 20-60 mins; it may be diluted (1 part parenteral solution with 
9 parts sterile water for injection) if desired. The parenteral solution should not be given s.c. It may be 
uecessa~y to reduce the dose and/or dosing interval in animals at risk for seizures. u 

Piperacillm 
Piperacilli-tazobactam 
Ticarcillin 

25-50 mglkg i.v., i.m. tid-qid 
25-50 mglkg i.v., i.m. tid-qid 
40-75 mglkg i.v., i.m. tid-qid 

Ticarcillin-clavulanate 1 30-50 mglkg i.v., i.m. tid-qid 
~ -- -- - 

1 2-10 mglkg i v  (1-hour infusion), im.  (reconstitute with 1% 
. - lisuocaine without adrenaline) tid-aid I 

I Comment: the author initiallv uses 5 m c l h  i.v. tid I ~ ~ - - I 
Figure 8.5: Drug doses for empirical parenteral antimicrobial therapy for the febrile neutropenic dog and cat. Mod$edfrom 
Abrams-Ogg and Kruth (2000). Doses adaptedfmm Allen (1998) and Greene and Watson (1998). Optimal doses in 
recommended dose ranges are not known. Intravenous routes of administration are preferred All intravenous injections are 
given over 15-20 minutes unless otherwise indicated. 
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Combination therapy has historically been pre- 
ferred over monotherapy to increase the antibacterial 
spectrum, take advantage of additive and synergistic 
effects while minimizing toxicity and to reduce the 
development of resistance. Most approaches have 
colnbil~ed an alninoglycoside antibiotic with a 
p-lactam antibiotic, although other approaches 
have also been developed to avoid aminoglycoside 
nephrotoxicity and to improve efficacy. When 
fluoroquinolones areused it should be noted that they 
seem to have a limited activity against Gram-positive 
organisms in neutropenic patients. For infections 
complicating the episodes of neutropenia most com- 
monly encountered by veterinarians, the various 
protocols are probably of equivalent efficacy. The 
author currently uses enrofloxacin plus cephazolin in 
cancerpatients, ampicillin plus gentamicin orcefoxitin 
alone in animals with parvoviral diseases and 
imipenem-cilastatin for initial therapy in animals 
with overwhelming sepsis associated with severe 
neutropenia of undetermined cause. 

The intravenous route of antibiotic administration 
is preferred. Intravenous catheterization is preferable 
to repetitive venepuncture for drug injection and is 
often necessaly for fluid therapy. However, there must 
be strict adherence to asepsis during catheter place- 
ment and use (Figure 8.6). Although a conventional 
recommendation is that intravenous catheters should 
be changed every 2-3 days, longer dwell times are 
possible with proper catheter care (Mathews et aL, 
1996). The catheter should definitely be changed if 
there are signs of phlebitis or infection of the insertion 
site. If duration of catheterization is anticipated to be 
more than a few days or if frequent blood sampling is 
necessary, a jugular catheter is preferred. 

Drug toxicity should be considered. Animals 
receiving aminoglycosides should be monitored for 
evidence of nephrotoxicity such as casts in the urine, 
glucosuria and azotaemia, especially when the duration 
of therapy is longer than 5 days. Fluoroquinolones 
should be avoided in immature animals because of 
the possibility of inducing cartilage defects. Fluoro- 
quinolones may cause seizures and other neurological 
signs in geriatric animals, animals with hypo- 
albuminaemia and animals with a history of 
seizures. Numerous antibiotics inhibit platelet function 
(Catalfamo and Dodds, 1988). This effect is most im- 
portant with penicillins, and an animal so treated should 
be observed for haemorrhage if there is concurrent 
tluombocytopenia, especially if the platelet count is less 
than 20 x 109/l. Fluoroquinolones have minimal effect 
on platelet function, and cephazolin does not alterplate- 
let function in normal dogs (Wilkens etal., 1995). 

After starting antibiotic therapy, reduction of fever 
is expected within 72 hours and the animal should 
appear more alert. Increased depression accompany- 
ing a decreasing temperature may be a sign of impend- 
ingsepticshock. Therapy shouldcontinue for 1-7days 

after the animal's neutrophil count increases to more 
than 1.0-2.0 x 109/1 and fever resolves. If the fever has 
resolved but prolonged l~eutropenia is anticipated, 
then consideration may he given to changing to oral 
therapy with the same agents as used for antimicrobial 
prophylaxis (see Figure 8.3). 

Pyrexia may not resolve promptly if: 

It is not bacterial in origin (and this should be 
reconsidered) 
The organism is not sensitive to the antimicrobial 
agents 
Drug doses are too low (uncommon) 
Host defences are so severely compromised that 
the infection and associated fever will not 
resolve with any antimicrobial agent until 
defences are repaired. 

Initial culture results may assist therapeutic deci- 
sion making with unresponsive fever. If a resistant 
organism is documented, antimicrobial therapy may 
be changed on the basis of susceptibility testing. How- 
ever, the organism involved may be reported as sensi- 
tive to the current medication, or aninfectious cause of 
the fever may not be documented, in which case 
another empirical judgement will be necessary. If the 
animal is clinically stable the current medication may 
becontinueduntil the feverresolves and theneutrophil 
count improves as previously discussed. This situation 
is encountered occasionally in treating parvoviral in- 
fections. If the animal's clinical status is deteriorating, 
however, new antimicrobial agents should be em- 
ployed. In most cases it is preferable to use new drugs 
in addition to, rather than as a substitute for, existing 
therapy. The choice of additional drugs depends on 
which antibiotics were usedfor initial therapy. Failure 
of response to empirical therapy with cefoxitin or an 
aminoglycoside plus a first-generation cephalosporin 
would prompt additional therapy against Pseudon~onas 
spp. with ticarcillin, piperacillin, ceftazidime or 
imipenem-cilastatin. If a resistant Gram-negative 
enteric organism is suspected (e.g. with signs of intes- 
tinal injury or pneumonia), choices for additional 
therapy include an aminoglycoside, fluoroquinolone, 
second- or third-generation cephalosporin and 
imipenem-cilastatin. If a resistant Gram-positive 
cutaneous organism is suspected (e.g. with catheter- 
associated phlebitis or pneumonia), the animal should 
be treated with clindamycin 10 mdkg i.v., i.m. or s.c. 
bid. Vancomycin and teicoplanin are the drugs of 
choice for resistant Gram-positive infections in 
humans, but thereis limited veterinary experience with 
these drugs. The recommended dose for vancomycin 
in the dog and cat is 15 mg/kg i.v. tid. A non-respond- 
ing fever may also be due to infection with an anaero- 
bic organism. Additional therapy could include 
metronidazole (10-15 mg/kg i.v., I-hour infusion, 
tid), clindamycin, cefoxitin or imipenem-cilastatin. 
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site that could contaminate the catheter. 
2. The operator's hands are thoroughly washed. 
3. The skin over and surrounding the venepuncture site is surgically 

4. A sterile gauze sqnare, or alternatively a gauze square soaked in the 
solution used for fmal skin preparation with the excess solution 
squeezed out, is placed immediately distal to the venepuncture site. 
This gauze square protects the needle and catheter from skin contamination during venepuncture (a). 

5. If it is necessary to palpate the venepuncture site, the operator's fingers are cleansed with the final skin 
preparation solution before palpation and the venepuncture site is similarly cleansed after palpation. 

6. After catheter insertion, an injection cap is locked on to the catheter hub. 
7. The catheter is secured by placing the end of a strip of half-inch 

wide tape, adhesive side up, under the wings of the catheter, 
and then folding the tape over the catheter and wrapping it 

8. The catheter is flushed with 3 ml heparinized saline (1 IU 
hepanh/ml saline). 

9. Povidoue-iodme ointment is applied to the catheter insertion site, 
which is then covered with a sterile plaster or similar adhesive 
bandage as illustrated (b). 

11. The ends of the tape are wrapped around the leg while applying traction in a proximal direction, 
criss-crossing under the leg and coming up over the plaster and/or catheter hub - this prevents distal 
migration of the catheter. 

12. A strip of one-inch tape is wrapped around the leg, covering the plaster and catheter hub. 
13. A second strip of one-inch tape is placed under the hub of the catheter and wrapped around the leg in a 

similar fashion to the second strip of half-inch tape, covering the plaster. Additional strips of one-inch 
tape may be wrapped around the catheter and leg to provide extra security. 

14. The leg is bandaged from the toes to a level above the catheter insertion site, with gauze wrap and 
self-adherent wrap. The wraps are passed underneath and over the catheter hub to expose the hub and 
provide additional security. 

15. The leg is palpated two to three times a day over, above and below the insertion site. The bandage ' 

should be changed a minimum of every 4 days, or sooner if it is wet, soiled or displaced distally, if there 
is pain or swelling on palpation of the leg, if there is pain on injection through the catheter, or if the 
animal is more depressed or has a worsening fever. 

16. When the bandage is changed the insertion site and leg should be examined for signs of inflammation. 
The catheter should be removed if such signs are present. If there is no indication for catheter removal 
and the catheter is left in place, the insertion site should be gently cleansed with 3% hydrogen peroxide 
and then 10% povidone-iodine solution, and a fresh plaster with povidone-iodine ointment applied. 

17. If the animal is not receiving intravenous fluid therapy, the catheter should be flushed with he~arinized 
saline every 4 hours. 

18. For intravenous fluid therapy, an extension set with a luer-lock is 
attached to the catheter hub as illustrated (c), and the intravenous 
delivery set is attached to the extension set and secured to the 
outside of the bandage. This technique minimizes disconnection of 
the intravenous fluid line from the catheter, facilitates recognition 
that disconnection has occurred and permits changing of the 

Figure 8.6: Aseptic placement and use ofan over-the-needle catheter in the cephalic vein (Mathews et al., 1996). A polyurethane 
catheter is recommended. 
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Although imipenem-cilastatin is expensive, it is less 
expensive than triple coverage with enrofloxacin, 
cephazolin and metronidazole and may therefore be 
substituted for the latter. If initial tlierapy is with 
enrofloxacin plus cephazolin, the author currently in- 
tensifies therapy with ceftazidime or lnetronidazole or 
changes to imipenem-cilastatin. 

The preceding recommendations are appropriate 
for most cases but may not be feasible due to cost 
restrictions or inability of the owlier to return the 
animal to the hospital. In such cases, initial therapy 
with oral antitnicrobial therapy may be warranted. In 
addition, oral alltilnicrobial agents may be sufficie~it 
for initial treatment of neutropenic animals that have 
been febrile and clinically stable for several days. A 
fluoroquinolone plus a first-generation cephalosporin 
or alninopellicillin will provide broad-spectrum 
antibacterial activity similar to the injectable combi- 
nations discussed previously and is recommended 
for oral therapy in animals with moderate to severe 
neutropenia. For clinically stable ani~nals with mild 
neutropenia and mild pyrexia, treatment as described 
in Figure 8.3 may suffice. Treatmelit for Elzr-lichin 
cn~zis infection with oral tetracyclines may also 
control infection secondary to neutropenia. Doxycy- 
cline is preferred when a dog with ehrlichiosis is 
neutropenic as it causes less disturbance of intestinal 
colonization resistance than do tetracycline and 
oxytetracycline. In all cases the animal should be 
closely observed for deterioration, alid arrangements 
made to initiate parenteral tlierapy. Oral antimicro- 
bial therapy is not appropriate when the anitnal is 
dehydrated or vomiting, or when there is disruption 
of the intestinal mucosa. 

Empirical antifungal tlierapy is used in humans but 
is not recomme~ided in the dog or cat unless a fungal 
infection is documented. If neutropenia and antibacte- 
rial therapy persist beyond 10 days, then faeces should 
be monitored by cytology or culture for Carldida spp. 
overgrowtl~, especially if antibacterial agents are being 
used that disturb intestiual flora (e.g. amoxicillin, 
cefoxitin, metronidazole). 

Treatment of documented infections 
Treatment of documented bacterial infections should 
consist of bactericidal antibiotics, probably initially in 
combination, with the choices based upon susceptibil- 
ity testing. Initial tlierapy should be parenteral in most 
cases, and a change to oral tlierapy may be considered 
if the anilnal is stable and the infection is responding. 
Treatment of bacteraelnia without evidence of other 
organ involvement should continue for 1 to 7 days 
after the animal's neutrophil count increases above 
1.0-2.0 x 10q/l and fever resolves. Treatment of pneu- 
monia and urinary tract and soft tissue infections 
should continue for at least 7 days after tlie animal's 
neutrophil count increases above 1.0-2.0 x 109/1 and 
clinical and radiographic signs resolve. Pneumonia is 

typically treatedforat least 6 weeks. Theinfectioumay 
transieutly seem to become worse as the neutrophil 
count increases, but fever should be decreasing if 
antimicrobial tlierapy is appropriate. 

Amphotericin B is the drug of choice for aspergil- 
losis. Amphotericin B can also be used to treat sys- 
temic candidiasis, but treatment with ketoconazole or 
itraconazole therapy may be sufficient (Weber et nl., 
1985). Intestinal candidiasis can be treated with nysta- 
tin, ketoconazoleor itraconazole, wl~ereasfluconazole 
is the drug of choice for urinary candidiasis. 

GRANULOCYTE TRANSFUSIONS 

Neutrophils normally have short circulating and tissue 
resideuce times. These times are further reduced in 
sepsis, and ally transfused neutrophils are rapidly 
consumed. However, even a transient increase in total 
body neutropliil ~iumbers above a critical level may 
per~nit survival in some cases of severe sepsis. 
Neutropliils are usually transfused in humans by using 
granulocyte concentrates. Donors are treated with 
granulocyte colony-stimulating factor (see Haemato- 
poieticcytokine therapy) withorwithout corticosteroids 
to illcrease bloodneutrophil levels, and thenlleutrophils 
are collected by leucapheresis. Neutrophils lnay also 
be transfused via exchange transfusion. 

Neutropliil transfusion in humans is most benefi- 
cial in the treatment of severe prolonged neutropenia 
and in neonatal sepsis. Granulocyte transfusion has 
been largely unexplored in small animal medicine 
because of tlie expense of treating such cases and 
technical difficulties, although dogs have been 
transfused in research facilities (Christensen et al., 
1982; Weiss, 1991). Large volumes of blood Innst 
be processed to procure sufficient ~ieutrophils to 
treat a mature animal. Furthermore, granulocyte 
cross~natching is necessary to minimize loss of effec- 
tiveness from alloimmunization during long-terrn 
transfusion support, and irradiation of granulocyte 
concentrate is recommended to minimize transfusion- 
associated graft-versus-host disease in patients with 
severe immunosuppression. However, preparation of 
granulocyte concentrates for short-term transfusion 
support of septic puppies and kittens is feasible in 
some veterinary clinics. For dogs, 6% betastarch is 
added in a 1:8 ratio to a unit of fresh whole blood to 
promote red cell sedimentation. The bag is stored 
vertically at room temperature for 1 hour, at which 
point the plasma and huffy coat are expressed into a 
satellite bag, which is then centrifuged at 5000 g for 
5 minutes at room temperature (see Chapter 15). 
The supernatant plasma is expressed, leaving the 
graliulocytes in 20 ml of plasma. For cats, the 
collecting syringe containing a unit of fresh blood is 
stored vertically at room temperature for 1 hour. The 
plasma is expressed into a storage bag followed by 
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expression of the buffy coat into a second storage 
bag or syringe. The resulting granulocyte concen- 
trates may be stored at room temperature for 8 hours. 
The dose is 1 x lo9 granulocytes/kg in a volume of 
15 nil/kg i.v. once to twice daily. The volume of fresh 
whole blood needed to provide the neutrophils may 
be calculated by using the formula: 

Volutne of dollor blood (I) = 

In this formula 0.75 represents the proportion of 
granulocytes in the unit of fresh whole blood that will 
be extracted. The transfusion is given through a stand- 
ard 170 pm filter over 1 to 2 hours. The most likely 
transfusion reaction is a fever. 

If granulocyte concentrate transfusion for a septic 
neonate is not feasible, fresh whole blood transfusion 
(22 ml/kg) should be considered, as this is anecdotally 
beneficial in treating severe parvovirus infection in 
kittens (Kowall, 1974). This benefit may be in part 
owing to transfused neutrophils. 

HAEMATOPOIETIC CYTOKINE 
THERAPY 

Recombinant human granulocyte colony-stimulating 
factor (rHuG-CSF) or filgrastim (Neupogen, Amgen) 
and recombinant human granulocyte-macropl~age 
colony-stimulating factor (rHuGM-CSF) or  
sargra~nostim (Leukine, Immunex) stimulate 
granulocyte progenitor cells and mature neutrophils, 
thereby enhancing neutrophil production, differentia- 
tion, marrow release and function. The rHuGM-CSF 
also has several effects on macrophages and other 
haematopoietic cells. The drugs are most useful in 
hutnans when given prophylactically after cytotoxic 
chemotherapy and large field irradiation to reduce the 
duration and severity of neutropenia. They are less 
useful in established neutropenia due to cytotoxic 
therapy with or without secondary infection, because 
progenitor cells ]nay be exhausted and/or endogenous 
cytokine levels are already increased. They are of 
limited utility in aplastic anaemia (immune-mediated 
pancytopenia) as endogenous cytokine levels are often 
markedly increased. Utility of cytokine therapy with 
neutropenia due to a drug reaction varies with the 
mechanism of toxicosis. Cytokine therapy reduces 
severity of cyclic neutropenia and certain other idi- 
opathic neutropenic conditions and may be beneficial 
in humans withacquired immunodeficiency syndrome. 
Prophylactic cytokine therapy is beneficial in experi- 
mental models of ovenvhehning sepsis, but the role of 
cytolcine therapy in established sepsis is not clear - it 
is potentially beneficial, of no benefit or detri~nental 

dependingoncircumstances. Prophylactictherapy and 
therapy of established neonatal sepsis are also being 
investigated. Side effects of rHuG-CSF and rHuGM- 
CSF in humans include bone pain and rarely side 
effects from overproductionof neutrophils. Sideeffects 
of rHuGM-CSFalso include influenza-likesyndro~nes 
and capillary leak syndrome. 

Recombinant canine G-CSF and GM-CSF have 
been produced but are not commercially available. 
However, rHuG-CSF has been given to dogs and 
cats. The drug is a potent sti~nulator of granulopoi- 
esis, but the effect is trausient in normal animals 
becauseof neutralizingantibody formation. Increased 
neutrophil counts begin to decline after 17-23 days of 
rHuG-CSF treatment, and neutropenia will occur if 
treatment iscontinued (Fulton e t n i ,  1991; Hamlnond 
et nl., 1991). Veterinarians have successfully used 
rHuG-CSF to ameliorate ~nyelosuppression in dogs 
and cats receiving anticancer chemotherapy. Typi- 
cally the drug is given at a dose of 5 pg/kg S.C. 

once daily to febrile neutropenic animals or 
prophylactically when the neutrophil count decreases 
below 0.5-1.0 x 109/1, and is continued until the 
neutropliil count increases above 1.0-2.0 x 109/l. 
(Neupogen is supplied as a 300 pglml preservative- 
free solution in a single-use vial. Because of the cost 
of the product, veterinarians typically use the vial for 
multiple doses. It is essential that the vial be pen- 
etrated aseptically and stored under refrigeration. 
To facilitate small dose measurements, it has been 
recommended to dilute rHuG-CSF to a concentration 
of 100 pg/ml in a 5% dextrose solution that contains 
1% autologous patient serum that has been heat- 
inactivated in a 56°C water bath for 30 minutes. The 
diluted rHuG-CSF is stored under refrigeration for 
four weeks (Henry et al., 1998).) The short courses of 
therapy and possibly concurrent im~nunosuppression 
from cytotoxic chemotherapy reduce the antibody 
effect and permit repeated use (Henry et nl., 1995). 

Prophylactic use of rHuG-CSF begin~~ing 5 days 
after a chemotherapy treatlnent has also been used 
(Henry ct nl., 1998). This is later than is typically 
used in humans, where rHuG-CSF is given 1 to 2 days 
after chemotherapy. The drug should not be give11 
within 24 hours before or after chemotlierapy as this 
will increase cytotoxic progenitor cell injury. When 
rHuG-CSF is used, stimulation of granulopoiesis 
can result in a left shift and toxic changes in the 
neutrophils that may be confused with a response 
to infection. Side effects other than antibody forma- 
tion are minimal. The use of rHuG-CSF is expensive 
and the cost benefit compared with the risk of devel- 
oping andcost of treatingsepsis indogs andcats is not 
known. Similarly, although the use of rHuG-CSF 
prevents dose reduction and may permit dose escala- 
tion of anticancer drugs in dogs and cats, the benefits 
on improved tulnour control and patient survival 
are not known. 
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The use of rHuG-CSFfor treating parvoviral infec- 
tions in dogs and cats has also been recommended. In 
one study, treatlnent of dogs with 5 yg/kg bid-tid 
increased neutrophil counts (Kraft and Kuffer, 1995), 
whereas in another study treatment of dogs with 
5 pg/kg once daily did not, nor did it affect survival or 
duration of hospitalization (Rewerts ct nl., 1998). In 
the formqr study there was no apparent benefit to cats. 
The use of rHuG-CSF lnay be of limited utility in 
parvoviral infections because of increased endogenous 
cytokine levels, viral replication in stimulated pro- 
genitor cells or exhaustion of progenitor cells and 
mature neutrophils at the time of treatment (Cohn et 
nl., 1999; London, 2000). Therapy with rHuG-CSF 
has been reportedly or anecdotally beneficial with 
myelosuppression due to oestrogen and phenobarbital 
toxicosis in dogs andgriseofulvin toxicosis incats. The 
role of rHuG-CSF therapy for neutropenia due to 
FeLV and FIV infections has yet to be defined. 

Dogs have also been treated with rHuGM-CSF. 
Stimulation of granulopoiesis is less colnpared with 
rHuG-CSF. Given the lower efficacy and greater po- 
tential for side effects, the use of rHnGM-CSF is in 
general not recommended for the treatment of neutro- 
penia in dogs and cats. 

REMOVAL OF THE FOCUS OF 
INFECTION 

Excision or debridelnent of the site of infectiol~ 
should be considered in animals with neutropenia 
due to overwhelming sepsis or in animals with pri- 
mary neutropenia where a secondary infection has 
localized in soft tissue and is not responding to 
antimicrobial therapy alone. Other therapeutic strat- 
egies in the management of sepsis have recently been 
reviewed (Hardie, 2000). 
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CHAPTER EIGHT 

(ii) Eosinophilia 

Krysty~za Grodecki 

INTRODUCTION 

In normal dogs and cats, only a small percentage of 
the white blood cell differential is comprised of 
eosinophils. The bone marrow is the site of eosino- 
phi1 production, maturation and storage. Activated 
T lylnphocytes and macrophages produce various 
cytokines (e.g. interleukin-5), which control the 
production of eosinophils (McEwen, 1992; Jain, 
1993). The total bone marrow transit time for 
eosinophils is about 3 days in hu~nans (Latimer, 
1995) and 5.5 days in rats (McEwen, 1992), although 
eosinophil production and release has been shown to 
be faster in parasitized rats (McEwen, 1992). The 
bone marrow transit times in the dog and cat are not 
known. The half-life of eosinophils in the circulation 
in humans ranges from 2 to 12 hours (Latimer, 1995) 
and is presutnedto besimilar in dogs and cats (Latimer 
and Rakich, 1989). A marginal pool of eosinophils is 
also present. Eosinophils enter tissues randomly and 
may function there for several days, after which they 
are removed by the mononuclear phagocytic system, 
degenerate within tissues or are lost via epithelial 
transmigration (McEwen, 1992). They do not usually 
re-enter the blood (Jain, 1993). Eosinophils are 
essentially tissue cells and are found in high numbers 
(relative to numbers in the circulation) in subepithe- 
lial sites in the skin and respiratory, gastrointestinal 
and urogenital tracts. Diseases of these tissues are 
Inore likely to he associated with tissue eosinophilia 
with or without blood eosi~~ophilia than are diseases 
of other tissues. The fact that these tissues interact 
with an environment with constant antigenic expo- 
sureand that they containlargellumbers of mast cells, 
may offer a partial explanation for this observation 
(McEwen, 1992). 

Eosillophils are widely lcnown for their parasiti- 
cidal abilities; however, they also possess phagocytic 
and bactericidal capabilities, are mediators of tissue 
injury and have been incriminated as regulators of 
allergic (hypersensitivity) andinflammatory responses. 
Parasiticidal activity occurs via interaction of 
eosinophils with T and B lymphocytes and mast cells 
and is enhanced in the presence of antibody and/or 
complement (Jain, 1993). Eosinophils can phagocy- 

tose foreign particles such as bacteria, yeasts, 
protozoans, mycoplasmata, mast cell granules, im- 
mune complexes, antibody-coated red blood cells and 
inert particles, although the phagocytic as well as 
bactericidal capabilities of eosinophils are far less 
effective than those of neutrophils (McEwen, 1992; 
Jain, 1993). Eosinophils are potent inflammatory cells, 
which may be present in a variety of inflammatory 
processes and may induce tissue damage. The role of 
eosinophils as regulators of allergic and inflammatory 
responses has not been proved (McEwen, 1992), al- 
though evidence exists to suggest this function 
(McEwen, 1992; Jain, 1993). Eosinophils also take 
part in coagulation and fibrinolysis (Jain, 1993). 

EOSINOPHILIA 

Latimer (1995) has defined eosinophilia as an absolute 
eosinophil count of greater than 0.75 x 109/1 in the cat 
and greater than 1.3 x 109/1 in the dog. Veterinary 
clinical pathology laboratories often provide 
haematological reference ranges derived from local 
animal populations, so these reference ranges are likely 
to vary regionally. 

The fact that eosinophils in the circulation are 
simply 'in transit' between their site of production and 
site of function suggests that the number of blood 
eosi~lophils is only a cntde indicator of the dynamic 
state of eosinophils (McEwen, 1992). Eosinophilia, 
therefore, should be considered significant only if 
persistent and reproducible (McEwen, 1992). It is 
important to note that localized lesions that contain 
large numbers of eosinopllils (tissue eosinophilia) fre- 
quently may notheaccompaniedby bloodeosinophilia 
(Duncan ct al., 1994). Also, animals with eosinophilic 
disordersmay havea bloodrespo~lse that isditninished 
by a concnrrentstresseffectmediatedby corticosteroids 
(eosinopenic effect) (Duncan ct al., 1994). 

Mechanistically, blood eosi~lophilia may be the 
result of increasedproduction of eosi~~ophils, increased 
release from the bone marrow storage compartment, 
redistribution from the marginal pool or increased 
intravascularsurvival (Jain, 1993). Most eosinophilias 
are due to the first two mechanisms (Jain, 1993). 
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Eosinophilia is knownfor its association with para- 
sitism and hypersensitivity, although it has also been 
associated withmany otherdiverseconditions (Tvedten, 
1994). Only a few surveys determining the frequency 
of conditions associated with eosinophilia in the dog 
and cat have been conducted. One large retrospective 
study (Center et al., 1990) of 312 cats (which consti- 
tuted about 5% of cats having a complete blood count 
(CBC) performed in this hospital setting) with eosi- 
nophilia (defined as an absolute eosinophil count of 
greater than 1.5 x 109/1) found that eosinophilia was 
indeed associated with a variety of diagnoses (see 
Figures 8.7 to 8.9). However, the most common diag- 
noses (over half of the reported cases) consisted of flea 
allergy dermatitis (FAD), eosinophilic granulomacom- 
plex, asthma, chronic upper respiratory tract inflam- 
mation and gastrointestinal disease associated with 
diarrhoea and endoparasites. One flaw in these data 
was the fact that some of the cats with these different 
diagnoses hadconcomitant fleainfestation or endopara- 
sitism and that not all cats had faecal examinations or 
heartworm tests performed. 

Jain (1993) conducted a survey of 72 cats with 
eosinophilia but did not provide specific diagnoses or 
information regarding association with parasitism. In 
this study, 15 % of cats with eosinophilia hadrespiratory 
disease, 32% hadskindiiease, 18% hadgastrointestinal 
disease, 17% had suppurative disease and 18% had 
miscellaneous conditions. Two surveys of eosinophilia 
in the dog have been reported. In the study described by 
Jain (1993), of a total of 337 dogs with eosinophilia, 
43% had respiratory disease, 8% had skin disease, 8% 
had miscellaneous conditions, 7% had involvement of 

the female genital tract, 7% had bone and joint disease, 
7% hadneurologicalconditions, 6% hadgastrointestinal 
disease, 4% had urinary tract involvement, 4% had 
neoplasia, 2% had ocular involvement, 2% had 
suppurative disease and 2% had cardiac disease. These 
findings were broadly corroborated in a study of 105 
dogs with eosinophilia (Lilliehook et al., 2000) where 
inflammatory diseases of the gut, skin or lungs com- 
prised 36% of the test population. 

Parasitism 
Parasitism is the most frequent cause of eosinophilia in 
the dog and cat (Latimer and Rakich, 1989), although 
parasitism does not consistently result in eosinophilia 
(Bush, 1991). Figure 8.7 lists some of the parasites that 
may be associated with eosinophilia in dogs and cats. 
The discovery of ectoparasites or endoparasites should 
not necessarily mark the end of an investigation of 
eosinophilia, as their presence does not necessarily 
imply a cansativerole (Tvedten, 1994). Eosinophilia is 
more likely to develop when parasites migrate through 
body tissues, providing prolonged contact between the 
parasite and host tissue (migrating stages of ascarids, 
hookworms or heartworms, for example), or attach to 
or disrupt mucosal surfaces (Center, 1985), whereas 
parasites living free in the gastrointestinal tract are less 
likely tostimulateaneosinophilia (Center, 1985;Bush, 
1991; Duncan et al., 1994). In the case of migrating 
larvae, eosinophilia may develop before detection of 
ova in the faeces, and migrating larvae cannot there- 
fore be completely ruled out as a cause for eosi- 
nophilia. Some parasites may not stimulate an 
eosinophilia until they die and expose previously 

Dog Cat 
Angiostrongylus vasorum (Prestwood et al., 1981; Aelurostrongylus abstrusus (( r et al., 1990; 

Patteson et al., 1993) 
Crenosoma vulpis (Cobb and Fisher, 1992; Peterson 
et al., 1993; Shaw et al., 1996) 

Filaroides hirthi (Hirth and Hottendorf, 1973; 
Torgerson et al., 1997) 

Fleas (Latimer, 1995) 
Oslerus (Filaroides) osleri (Barsanti and Prestwood, 

1983; Levitan et al., 1996) 
Pneumocystis carirzii (Greene and Chandler, 1984; 
Ramsay et al., 1997) 

Strorzgyloides spp. (Gibbons et al., 1988; Duncan et 
al., 1994) 

Toxocara canis (Parsons, 1987) 
Trichuris vulpis (Hendrix et al., 1987; Leib and 
Matz, 1995) 

Uncinaria stenocephala (Bowman, 1992) 

Hawkins, 1995) 
Coccidiosis (Center et al., 1990) 
Fleas (Prasse et al., 1987; Center and Randolph, 

1991) 
Giardiasis (Center et al., 1990) 
Ollulanus tricuspis (Latimer, 1995) 
Toxocara cati (Parsons, 1987; Center et al., 1990) 
Toxocara canis (Parsons et al., 1989) 
Toxoplasmosis (Center et al., 1990) 
Trombiculid mites (Latimer, 1995) 

Figure 8.7: Parasites that rilay be associared with eosinophilia b7 the dog and cat in tile Ui~ited Kingdom. Parasites associared 
with eosinophilia but nor indigenous to the United Kingdon1 include: in the dog, Ancylostoma spp. (Burrows et al., 1995), 
Dipetalonema reconditum (Rawlings and Calvert, 1995), Dirofilaria immitis (Rawlings and Culvert, 1995), Hepatozoon canis 
(Cralg, 1984), Heterobilharzia americana (Slaughter et al., 1988), Paragonimus kellicotti (Hawkins, 1995), Spirocerca lupi 
(Latimer, 19951, Trichinella spiralis (Campbell, 1991): in rhe car, Ancylostoma spp. (Bush, 1991), Dirofilaria immitis (Rawlings 
and Culvert, 19951, Parago~mus kellicotti (Hawkinv, 1995), Platynosomum concinnum (Hitt, 1997). Strongyloides spp. (Duncan 
et al., 1994), Trichinella spiralis (Burrows et al., 1995). 
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unexposedantigens (Tvedten, 1994).Ectoparasitessuch 
as fleas and ticks may promote eosinophilia (Latimer 
and Rakich, 1989). Center and Randolph (1991) ob- 
sewed that cats with a 'generous' flea infestation, in the 
absence of obvious dermal hypersensitivity, developed 
eosinophilia of up to 7.0 x 109/l. The same authors also 
observed ear mite infestations associated with eosino- 
philia, which resolved with miticidal treatment. 

Hypersensitivity and inflammation 
Figure 8.8 lists hypersensitivity and inflammatory 
conditions that may be associated with eosinophilia in 
the dog and cat. As with parasitic infections these 
conditions do not invariably result in eosinophilia. 

In the study by Center et al. (1990), cats with flea 
allergy dermatitis comprised the largest proportion 
(20.5%) of cats with eosinophilia (range 1.5-23.5 x 

109/l). Cats witheither FAD or eosinophilic granuloma 
complex (range 1.5-46.2 x 109/1) had the highest 
medianeosinophil counts (3.3 x 109/lforboth). Eosino- 
philic plaque was most commonly associated with 
eosinophiliaandwas associatedwiththehighesteosino- 
phi1 counts of all cats with the eosinophilic granuloma 
complex. Eosinophilia has been associated with atopy 
and food hypersensitivity in the cat (Center et al., 
1990;Roudebush, 1995; Scott etal., 1995a) whereasin 
dogs with these conditions, eosinophilia is rare 
(Willemse, 1984). 

Of respiratory disorders noted in the study by 
Center et al. (1990), the highest eosinophil counts 
were associated with feline asthmalallergic bronchi- 
tis (range 1.6-20.7 x 109/1) and septic pneumonia 
(range 1.6-11.7 x 109/1), althoughcats with pneumo- 
nia were believed to have had underlying allergic 

1 cat 

- 
ural eosmoplunc granuloma (Nlaaewell er al., irau) enterms (Lei0 and Mau, LYYJ; 
Eosinophilic gastritis/enteritis/colitis (Johnson, 1992; 
Burrows et al., 1995; Leib and Matz, 1995) (Dennis el ' 

Gastrointestinal eosinophilic granuloma (Burrows et 
al,. 1995; Leib and Matz, 1995) 

? -7 

Genitourinary tract 
Pyometra (Latimer, 1995) Pyomet asse et al., 1987; Center et al., 1990) 

Lower LLUL-Y tract disease (Center et al., 1990) 
Musculoskeletal svstem 

I Eosinophilic myositis/atropl~ic myositisltnasticatory 
musclc myositis (Smith, 1989; Gilmour et a/., 1992) I 

Eosinophilic.gratiuIoma (Scottit'al,, 19956) Eosind$hilic 'gianiilc& e~npr& [Ceiiter et a,; 
Flea a11ergyaermatiiis (Smtt et al., k995a3 19.913; Scott h aL, 1995b). ~ ~ 

St$.eo$i@h@a p&d~is @wt3t  at,  t991485b) ' . Flea allergy dermati@, (Cknket @L, 1996; . Saoh et 
T9.9524 

&tgip [Cen!?$ef.a$! &g;oi $ w ~ t  SZ.. :@y$aj 
$6qd~b~e~%c@t,kmt9 fSC2@tkf t.Gl., 19530; 

Figure 8.8: Hypersensitivity and inflammatory conditions that may be associated with eosinophilia in the dog and cat. 
(Mod@edfrom Latirner (1995) with permission). 

, . , 

'i Ig8~..-&&. ' 
. ..i ;': - . @n:?+qhjk $%iFJ .. . ' . 
,-Jb@f; ~ ; 
.. J' a ~ ~ ~ M ~ ~ ~ ~ n ; ~ r : ~ . ~ ~ d ~ n , ~ e ~ ~ ~  
%wsC:@pj Igipg:i$i@jsDa@&fjti$, $6ft:,ti$@~@,uma 

, @!&&e* dl:, 1990) 
Steatitis ( O'Donnell and Haves. 1987) 
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bronchitis. Previous studies (reviewed by Taboada, 
1991) documented eosinophilia in 50-75% of cats 
with asthma, although one study (Corcoron et al., 
1995) reported eosinophilia in only 5 of 23 cats with 
asthma. Mild to moderate eosinophilia associated 
with chronic inflammation of the upper respiratory 
tract was an unexpected finding by Center et al. 
(1990). The authors speculated that the presence of 
eosinophilia may have been a reflection of localiza- 
tion of inflammation to mucous membranes exposed 
to the environment. 

Pulmonary infiltrates with eosinophils (PIE), more 
commonly seen in dogs than cats, is an all inclusive 
phrase for any disease process with radiographic evi- 
dence of infiltrative lung disease and blood eosino- 
philia and/or eosinophilic inflammation found on 
cytological assessment of a transtracheal wash or 
bronchoalveolar lavage fluid. Blood eosinophilia is 
not always present in PIE. Underlying causes include 
environmental allergens, drugs, parasites, bacterial 
and fungal infections, neoplasia and idiopathic causes. 
Heartworm infection is the most common cause in 

endemic areas (Calvert, 1987; Taboada, 1991). Pul- 
monary eosinophilic granulomatosis, a PIE syndrome, 
is a rare condition of unknown aetiology, although it 
has been reported in dogs with heartworm disease 
(Confer et al., 1983; Calvert, 1987). 

Center et al. (1990) found that chronic soft tissue 
inflammation involving a variety of tissuesalsoseemed 
to cause a mild to moderate eosinophilia in cats, and 
that cats with lower urinary tract inflammation un- 
expectedly had eosinophilia of similar magnitude. 
Pyometra in both dogs and cats has been cited as a 
cause of eosinophilia by many authors (Prasse et al., 
1987; Bush, 1991;Young, 1997), although eosino- 
philia is not expected to be the primary or only change 
in the leucogram. 

Miscellaneous conditions 
Figure 8.9 lists neoplasia-related and miscellaneous 
conditions associated with eosinophilia. Eosinophilia 
associated with tumours, hypereosinophilic syndrome 
and eosinophilic leukaemia is rarely seen, however the 
magnitude of the eosinophilia may be striking. 

a &.b 
: fibrosarcoma (t One ca inomi 

myxosarcoma, ostwsarcoma, pilomatrixoma, renal 
carcinoma, salivary carcinoma, two poorly defined 
tumours (Center et al., 1990) 

One case: mammary carcinoma (L.osco, 1986) One case each: squarnous cell carcinoma, sweat gland 
adenocarcinoma (Couto, 1985) 

One case: transitional cell carcinoma (Sellon et al., t 
-,,-, 

Suspected cosinophilic leukaemia (Moulton and Eosinophilic leukaernia (Swenson er al., 1993; 
Harvey, 1990; Ndikuwera et a/., 1992; Jensen Huihregste and Turner, 1994) I 

Disseminated mast cell neoplasia (Klausner and 
Perman, 1981; O'Keefe et al., 1987; Pollack et 
aL, 1991) 

Myeloid leukemia (Latimer, 1995) 

and Nielsen, 1992) 
Suspected hypereosinophilic syndrome (Goto et Hypereosinophilic syndrome wendrick 1981; 
al.. 1983: Balmer-Rusca and Hauser, 1993) Huibregste and Turner, 1994; Plotnick, 1994; 

1992) 
Mast cell neoplasia; disseminated and visceral (Center et 

al., 1990; Boanowski and Rosenthal, 1992; Peaston 
and Griffey, 1994) 

Lymphoma (Prasse et al., 1987; Center et al., 1990) 
Two cases: myeloproliferative disease (Center et al., 

1 QQm 

I hi60nci 1992) . 
Hv~oadrenocorticism (Hardy, 1995; Peterson et Hypoadrenocorticism peterson et aL, 1989; Hardy, 

Lymphomatoid granulomatosis (Lucke et al., 
1979; Postorino et al., 1989; Berry et al., 1990) 

ii, 1996) 
Experimental rhIL-2 administration (Latimer, riilL-2 administration (Latimer,1995) 

119951 

Widsonet al., 1996) 
Experimental feline leukaemia virus associated- 
leukaemoid reaction/leukaemia (Lewis et at., 1985) 

?Hwerthvroidism (Center et  al.. 1990: Thodav and 

,-- -< 

?Oestrus [Schalm et al., 1975) I Pemphigus foliaceus, u t a n w  lupus erythematosus, 
German Shevherd Doe. (Bush 1991: Lilliehoolr, chronic renal failure, cardiac disorders, panleucopenia, 

feline infectious peritonitis, immune haemolytic - 
anaemia (Center et al., 1990) 

Methimazole (and potentially carbimazole) therapy 
(Peterson et al.. 1988: Feldman and Nelson. 19961 
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A retrospective study of 16 dogs with systemic 
(disseminated) ~nastocytosis documented only two 
dogs wit11 eosinopliilia (O'Keefe et nl., 1987). Dis- 
seminated mast cell neoplasia was associated with 
mild to moderate eosillophilia in the study by Center er 
nl. (1990). Cutaneous mast cell tumours were not 
associated with eosinophilia in this study of cats and 
have not previously been reported to be associated 
with eosinopliilia (Buerger and Scott, 1987). Profoulid 
eosil~opl~ilia was present in two cats (1 1.5 and 88.3 x 
109/1 at presentation) with gastroi~itesti~lal mast cell 
tunioiirs (Bortnowski and Rosenthal, 1992). Another 
case report (Peaston and Griffey, 1994) reported pro- 
found eosinopliilia (45.6 x 109/1) ina cat withavisceral 
mast cell tiimour. Six cats with eosinopliilia (range 
1.6-3.2 x 109/1) in the study by Center et nl. (1990) had 
lympliorna, and two cats with alimentary lymphoma in 
another report had profoulid eosinophilia (>60 x 109/1) 
(Prasse etal., 1987). In all of these cases (as well as the 
~niscella~~eous tumours from the study by Center et nl. 
listed in Figure 8ii.3) it is possible that the observed 
eosinophilia represented a paraneoplastic syndrome, 
but there was no conclusive proof of this hypothesis. 

Hypereosinopliilic syndrome (HES) in cats and 
humans is characterized by a persistent and profound 
eosinoplulia of prolonged duration and u~lknown aetiol- 
ogy, bone marrow Iiyperplasia of eosinophil precursors 
and multiple organ infiltration by mature eosinophils 
(Huibregste and Turner, 1994). Some authors speculate 
that eosinophilic enteritis, HES and eosinopliilic leuk- 
ae~nia inthecat are parts of aspectnimof thesamedisease 
(Hendrick, 1981). HES is a diagnosis of exclusion, and 
differentiation from eosillophilic leul<aernia is controver- 
sial. HES has not been adequately documented in the dog 
(Goto et nl., 1983; Balmer-Rusca and Hauser, 1993). 

In the few reports of eosinopliilic leukaemia in the 
cat, one cat was naturally infected with feline leukae- 
mia virus (FeLV) (Swenson et al., 1993) and the 
renlai~lder were negative for FeLV or had not been 
tested. Only rare cases of suspected eosinopl~ilic leu- 
kae~nia in the dog have been reported (Moulton and 
Harvey, 1990; Ndikuwera et al., 1992). Jensen and 
Neilsen (1992) reported an 'eosinophilic leukaemoid 
reaction' of u~iknowli aetiology in a dog. Although 
eosinophilic leukaemia was suspected, the lack of 
diagnostic criteria for eosinophilic leukaemia in the 
dog precluded a definitive diagnosis in this case. 

The study by Center ct nl. (1990) included three 
hyperthyroid cats with mild eosinophilia. This was an 
unexpected finding, particularly as previous reports 
have stated that 15% of cats with hyperthyroidism 
exhibit eosinopenia (Feldman andNelson, 1996). How- 
ever, a report describing features of 126 hyperthyroid 
cats in the United Kingdom found that 12 of 57 
(2 1.1 %) cats in which a CBC was performed exhibited 
eosinopliilia (Thoday andMooney, 1992). Theautliors 
did not, however, indicate whether other causes of 
eosinophilia had been ruled out. 

Eosinophilia has been reported in 4-30% of dogs 
with hypoadrenocorticism (Hardy, 1995). Stressed 
dogs with adequate adrenocortical function usually 
exhibit a stress leucogram (mature neutropliilia, lym- 
pliopenia and eosinopenia) as a result of glucocorti- 
coid action. Eosinophilia or normal numbers of 
eosinopl~ils in a stressed patient (a reverse 'stress 
leucogram') suggests the possibility of hypoadreno- 
corticism. Petersonetnl. (1996) reported that 56.5% of 
225 dogs with hypoadrenocorticisin had eosinophil 
counts within the reference range. Only 1 of 10 cats 
withprimaryhypoadrenocorticisn exhibited an eosino- 
philia in one study (Peterson et al., 1989). 

Many authors havesuggested that oestrusis acause 
of eosinophilia in the dog (Schalm et al., 1975; Jain, 
1993; Bush, 1991; Young, 1997) but the evidence for 
this associatiot~seems to be purely anecdotal. In the rat, 
uterine (but not blood) eosinophilia may be induced by 
oestrogen (Bustos et al., 1995). Oestrogen also causes 
accumulation of eosinophils in the uterus of other 
species (mice, cows, hamsters, humans) (Tchernitchin 
et nl., 1989), altliough to the author's knowledge no 
similar investigations have bee11 conducted in the dog. 

A few authors, including Bush (1991), have noted 
that some large breed dogs (especially German Shep- 
herd Dogs) exhibit eosinopliilia, a finding which has 
been regarded as a normal breed characteristic. Bush 
(1991) suggests that there may be a breed predisposi- 
tion to eosinopl~ilic disorders in the German Shepherd 
Dog given the higher incidence of eosinophilic enter- 
itis, myositis and panosteitis, and has proposed that the 
finding of eosinophilia in apparently ~iormal dogs 
could reflect subcli~iical disease. Lilliehook (1997) 
documented significant differences in the numbers of 
eosinophils in the blood of normal German Shepherd 
Dogs (mean of 0.85 x 109/1) versus normal Beagles 
(0.36 x 101/l). Although this finding may be associated 
wit11 breed, in an individual animal other causes of 
eosinophilia should be considered. 

,\PPROACH TO THE ISVESTIGATIOS 
OF EOSISOPNlLIA 

Eosinopliilia may be detected either on profiles per- 
fonned onsicka~iimals as part of a diagnostic investiga- 
tionoronapparently healthy animals undergoingroutine 
health screening. Eosinophilia may or may not be the 
main or most significant change present. It is assumed 
that before taking a blood sample, the clillician has 
already obtained a history and conducted a thorough 
physical examination. Information derived from the 
history andphysicalexa~ninationmay provideevidence 
for t11e cause of the eosinophilia or may direct the 
clinician along a specific path of further investigation. 
If, however, no obvious abnormalities that might ex- 
plaintlie eosinophilia aredetected, an organizedsearcb 
for the most comlnon disorders associated with eosino- 
philia is warranted. 
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As diseases of the skin or gastrointestinal or respira- 
tory tracts are most commonly associated with eosino- 
philia, it seems logical to initially investigate these body 
systems and to rule out common parasitic and allergic 
processes. The skin is easily evaluated for the presence 
of ectoparasites (fleas), signs of hypersensitivity (FAD, 
atopy, food allergy, eosinophilic granuloma complex) 
and masses. Fine needle aspirates of skinmasses should 
be examined cytologically. Histopathological assess- 
ment of biopsies of skin lesions may also be required 
(Figure 8.10). The gastrointestinal tract may be evalu- 
ated initially by repeated faecal examinations. If 
endoparasites or ectoparasites are present, the 
haemogram shouldberepeated after appropriate therapy 
to assess for the persistence of eosinophilia. As stated, 
parasitism may not necessarily be the cause of the 
eosinophiha. Biopsies of the gastrointestinal tract may 
be necessav to confirm or exclude eosinophilic inflam- 
matory diseases of the gastrointestinal tract. The re- 
spiratory tract may be assessed radiographically, via 
cytological assessment of a transtracheal wash (Figure 
8.11) or bronchoalveolar lavage fluid as well as a 
Baennann faecal examination. Testing for heartworm 
should be performed in areas endemic for this parasite. 

Figure 8.10: Hisfological section of a cufaneom lesion in a 
cat with eosinophilic plaque (eosinophilic collagenolytic 
granuloma). Large numbers of eosinophils are present in 
thedermis. Haematoxylinandeosin. (CourresyofDrM. Gains.) 

Figure 8.11: Cytologlcalpreparation of a transtracheal 
wash showing increased numbers of eosinophils. 
Wrighf-Giemsa. (Courtesy of Dr C. Belford) 

Suspected hypoahnocorticism may be confirmed by 
performing an adrenocorticotrophin stimulation test. If 
these procedures do not prove frnitful, a search for the 
less common neoplastic, mflammatory and infections 
diseases is in order (Center etal., 1990; Tvedten, 1994). 

There are no well established 'mles' to indicate 
when it is necessq to assess a hone marrow aspirate 
or core biopsy in the investigation of eosinophilia. 
Common sense, however, would suggest that the as- 
sessment of bone marrow is most useful as part of a 
complete diagnostic investigation of a persistent un- 
explained eosinophilia, in helping to distinguish be- 
tween rare causes of eosinophilia (HES, eosinophilic 
leukaemia, eosinophilia associated with neoplasia), 
and in further assessing a profound eosinophilia. As 
stated, the diagnoses of both HES and eosinophilic 
leukaemia are diagnoses of exclusion. Differentiation 
of the two conditions is controversial in humans, as it 
is in cats. A review by Huibregste and Turner (1994) 
suggestsseveral differentiatingcriteriainthecat.Differ- 
entiation, however, may he an academic pursuit as 
both diseases hold a grave prognosis. 

The clinician must always take into consideration 
the effect of corticosteroid therapy oneosinophil num- 
bers. A single dose of corticosteroid in an animal with 
an eosinophil count within the reference range pro- 
duces aneosinopenia within 1 to 6 hours, depending on 
dose and route of administration (Latimer, 1995). 
Eosinophil concentrations return to normal within 24 
hours of a single treatment with most corticosteroid 
preparations (Duncan et al., 1994; Tvedten, 1994; 
Latimer, 1995) and 2 to 3 days after ending long term 
(10 days or more) corticosteroid therapy (Duncan et 
al., 1994). An animal with a condition associated with 
eosinophilia that is concurrently stressed or being 
treatedwithcorticosteroidsexhibitsaneosinophilcount 
which is a reflection of the process that has the greater 
effect at the time. 
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CHAPTER EIGHT 

(iii) Leukaemia 

Joanna Morris and Jane Dobson 

INTRODUCTION 

This chapter is coucerned with the diagnosis and 
management of neoplasticco~iditions of thehaemato- 
poietic system (leukaemia). Leukaemia is uot a 
common diagnosis in small animal practice, how- 
ever, increasing use of haematological evaluation 
of the sick patieut has led to an appreciation that 
leukaemia is a significant cause of morbidity and 
mortality in cats and dogs. Leukaemia encompasses 
a complex group of diseases, some of which are not 
well characterized or understood in veterinary medi- 
cine. This chapter addresses principally those 
neoplastic conditions of white blood cells, since those 
of red blood cells (e.g. polycythaemia vera) are 
covered elsewhere. 

Leukaemia 
Leukaemia is a progressive malignant disease 
of the bone marrow, characterized by abnormal 
proliferation and development of haematopoietic 
cells and their precursors. In most instances, 
excessive numbers of abnormal neoplastic cells 
are present in both the peripheral blood and the 
bone marrow. This may be accompanied by a 
reduction in the uumber of normal blood cells 
(cytopenia), as the bone marrow becomes over- 
whelmed by the neoplastic cells. 

Aleukaemic leukaemia (smouldering 
leukaemia) 
On occasion, the lieoplastic process is contained 
within the bone marrow and is not accompanied by 
excessive numbers of abnormal circulating cells. 
The haelnogram will reflect the ongoing disease 
process in the marrow in the form of non-regenera- 
tive cytopenias. 

THE HAEMATOPOIETIC SYSTEM 

The principal organ that forms blood in the adult 
animal is the red bone marrow. Liver, spleen and 
peripheral lymphoid tissues play a role in haemato- 
poiesis in fetal development and act as sites of 

extramedullary haematopoiesis in the adult in 
times of excessive demand. An understanding of 
leukaemia requires an appreciatiou of the structure 
aud function of bone marrow (Figures 8.12 and 
8.13). 

It is geuerally accepted that all haematopoietic 
cell lineages are derived from pluripotent stem 
cells sited in the bone marrow. These give rise to 
differentiatiug progenitor cells, which divide and 
differentiate into functional mature blood cells. In 
tlie early stages of haematopoiesis the stem and 
progenitor cells remain relatively undifferentiated 
and retain the capacity for cell division and multipli- 
cation. As the cells become more differentiated 
and committed to a certain cell lineage, the capacity 
for replicati011 is progressively diminished and 
ultimately is lost in the mature cell lines seen in 
the peripheral blood. Hence for each cell lineage 
there is a pyramidal arrangement of cells within 
the bone marrow with dividing undifferentiated cells 
at the apex aud non-dividing mature cells at the 
base (Figure 8.14). It is not fully understood whether 
the pluripotent haematopoietic stem cells give rise 
to lymphoid precursors or whether lymphoid cells 
have a separate stem cell to the granulocyte/mono- 
cyte lines. Lymphocytes released from the boue 
marrow may require processing by other lymphoid 
tissues before they are capable of assuming the 
functions of mature T and B cells. 

The proliferation and differelltiation of haemato- 
poietic cells is controlled by numerous growth factors 
(Figure 8.15). The erythroid compartment is control- 
led by the circulating glycoproteili hormone, erythro- 
poietin, which is produced in the kidney in response 
to changes in oxygen tension but acts on target cells 
in the bone marrow. The myeloid compartment is 
controlled by locally produced regulatory molecules 
called colony-stimulating factors (CSFs), which are 
produced by a variety of cell types including 
lymphocytes, monocytes, macrophages, fibroblasts 
aud endothelial cells. These act at tlie level of tlie 
committed progenitor cells but can also affect the 
fu~iction and survival of mature cells. I~~terleukin-3 
(IL-3) and granulocyte-macrophage colony-stimulat- 
ing factor (GM-CSF) have a broad spectrum of 
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activity, whereas granulocyte colony-stimulating fac- 
tor (G-CSF) and macrophage colony-stimulating 
factor (M-CSF) are lineage restricted. Megakaryocyte 
differentiation and platelet production are controlled 
by thrombopoietin, also known as megakaryocyte 
growth and development factor (MGDF). 

Neoplastic transformation may occur at several 
levels of this proliferative/maturation process. Trans- 
formation of stem cells or early precursors causes a 
massive proliferation of undifferentiated cells that are 
incapable of maturation, resulting in acute leukaemia. 

Figure 8.13: Phofomicrograph of nonnal canine bone 
marrow showing different cell lines at various stages Transformation of late precursor cells causes an over- 
of drfirentiation. A megakaryocyte (arrowed) is production of mature differentiated cells, resulting in 
notable in the lower right quadrant of thepicture. chronic leukaemia (Figure 8.16). 
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Myeloblast 

fiomyelbcyte 

Ligurr 8.14: Scl,+!r~aric ( l i u~ ram of nnr~rrrrl rnorur~rru,~ pruccsc of hone rnormlv .shon,rng mru,,zrdur urrunRempnr. ~virl, rhe 
drl,rdrfrg roidi/ler~nriared rr1l.s or rhr rrprr irrzrl ~zurz-dnidin.q Inarure cell.\ (nr rhe huse. 

Haernatopoietic growth factor 1 Target cells MI 
Haematopoietic stem cells 
Progenitors of all cell lineages (except lymphoid) 
Mature mast cells, megakatyocytes, macrophages, 

I Eosinophil progenitors 
Granulocyte-macrophage colony-sthulaling factor I Progenitor and mature neutrophils, eosinophils 

Granulocvte colonv-stimulating factor 
Macrophage colony-stimulating factor 

Erythropoietin 
Thrombopoietin (megakaryocyte growth and 
development factor) 

and macrophages 
Erythroid and megakaryocyte progenitors 
Antigen-presenting dendritic cells 
Progenitor and mature neutrophils 
Progenitor and mature macrophages 
Progenitor osteoclasts 
Microglial cells 

Figure 8.15: Haematopoiedc growth factors. 
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I ACUTE LEUKAEMIA CHRONIC LEUKAEMIA I 
Myeloblast 

Promyelocyte 

Myelocyte 

Metamyelocyte 

Band neutrophil 

Segmented 
neutrophil 

I I 
Fiaure 8.16: Schematic diagram o f  bone marrow deuicring ths difference between acute and chronic leukaemia in level o f  
tr&sformation and outcome. In a&te leukaemia, rr~n~fo&ation~if  earlyprecursors results in a massive proliferation of- 
undifferentiated cells. In chronic leuhernia, transformation at a later stage results in an overproduction of mature 
d@e;entiated cells. 

Acute leukaemias 
Acute leukaemias are aggressive, rapidly 
progressing, conditions characterized by exces- 
sive numbers of abnormal undifferentiated or 
'blast' cells in both the bone marrow and peri- 
pheral blood, and accompanied by severe uon- 
regenerative cytopenias. 

Chronic leukaemias 
Chronic leukaemias tend to be less aggressive than 
acute leukaemias and are slowly progressing condi- 
tions characterized by excessive numbers of mature 
differentiated cells in the bone marrow and peri- 
pheral blood. This may ormay not be accompanied 
by cytopenia in other cell lines. If cytopenia is 
present it is usually less severe than that seen in 
acute leukaemia. 

It is important clinically to distinguish between 
these two forms of leukaemia as each carries a very 
different prognosis. However, the division between 
acute and chronic leukaemia is not always absolute, 
and on occasion cases are encountered that share some 
features of each. Furthermore, there are recorded in- 
stances of chronic leukaemia progressing to a more 
acute disease (see below). 

CLASSIFICATION OF LEUKAEMIA 

Different types of leukaemia are recognized accord- 
ing to the cell lineage involved. The most common 
types of leukaemia are listed in Figure 8.17. Other 
extremely rare forms of leukaemia include eosino- 
philic and basophilic leukaemia (variants of 
chronic granulocytic leukaemia), megakaryocytic 
leukaemia and mast cell leukaemia. Another rare 
malignant disease of the monocyte lineage, malig- 
nant histiocytosis, is sometimes included as a type 
of leukaemia. 

Myeloproliferative disease 
Myeloproliferative disease (NLPD) is a general term 
used to describe all the non-lymphoid neoplastic and 
dysplastic conditions of haematopoietic cells. The 
term was introduced because the myeloid leukaemias 
represent a constantly changing spectrum of diseases, 
which may progress from dysplastic marrow condi- 
tions to aleukaemic leukaemias and finally to overt 
leukaemia. In addition, although one particular cell 
lineage may predominate at any time, a second cell 
lineage is often affectedand, as the disease progresses, 
transitions to other cell lineages may occur. Thus, 
depending on the time of sampling, thediagnosis of the 
specific cell line involved may differ. 
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I Chronic myeloid/granulocytic I 
I ~eukaemii (CMLICGL) 

Monocytic I Acute monocytic leukaemia 

Firnrre 8.17: Class~ficanon of the more common Npes of - 
leukaemia. 

Lymphoproliferative disease 
Lymphoproliferative disease (LPD) is the term used to 
describe all the neoplastic (and dysplastic) conditions 
arising from lymphoid cells. Because only one cell 
lineage is involved there is not the same spectnun of 
disease as seen with the myeloid leukaemias, and dys- 
plastic conditions occur rarely, if at all. In addition to 
acutelymphohlastic leukaemia (ALL) andchronic lym- 
phocytic leukaemia (CLL), LPD includes lymphoma 
andmultiple myeloma. In the past, the veterinary litera- 
ture has applied the terms leukaemia, leukosis and 
lymphoma very loosely, without any distinction be- 
tweenthedierentdiseases. Strictly speaking,neoplastic 
transformation of lymphoid cells in the bone marrow 
results in lymphoid leukaemia, whereas themorefamil- 
iar form of lymphoid neoplasia, that is, lymphoma, 
arises from the solid organs of the lymphoid system 
(lymph nodes, thymus) and organs through which 
lymphocytes normally traffic (gut, skin). Confusion 
arises because lymphoma may progress to involve the 
bone marrow (stage V lymphoma), and these cases 
should be defmed as 'leukaemic lymphomas.' In the 
dog, only around 10% of cases of lymphoma will show 
bone marrow abnormalities, hut in the cat the associa- 
tion between lymphoma and feline leukaemia virus 
(FeLV) means that bone marrow abnormalities (espe- 
cially ofthe erythroidseries) arerelatively common, and 
it can he difficult to distinguish between thosethat result 
from lymphoma and those that result from the virus. 

AETIOLOGY 

Both genetic and environmental factors are impli- 
cated in the cause of leukaemia in dogs and cats. 
Although genetic changes can occur spontaneously 

throughout the lifetime of the animal, various envi- 
ronmental agents can contribute to DNA damage and 
accelerate the neoplastic progression. Experimen- 
tally, exposure to ionizing radiation induces DNA 
damage and causes myeloproliferative disease in 
dogs. There is little strong evidence to suggest that 
viruses play arole in the development of leukaemia in 
dogs, despite the demonstration of the presence of 
virus-like particles in a dog with granulocytic leuk- 
aemia and the isolation of a novel retrovirus from a 
dog with lymphoblastic leukaemia (Sykes et al., 
1985; Safran et al., 1992). In the cat, however, the 
oncogenic retrovirus, FeLV, is knownto play amajor 
part in the development of both LPD and MPD by 
insertion of the provim into the cat's genome and 
consequent alteration of gene function (see Chapter 
8). Between 60% and 90% of cats with LPD or MF'D 
are reported in the literature to be FeLV positive, 
although in recent years the percentage of FeLV- 
positive cats with lymphoma has been much lower. 
Feline immunodeficiency virus (FIV) may also he 
involved in the development of LPD and MPD 
(Gardner, 1991; Hntson et al., 1991). 

In humans, many leukaemias arise when the 
genome is disrupted by strnctural rearrangements of 
chromosomes, for example, translocations and 
insertions. In many cases, a single chromosome re- 
arrangement is identified consistently with a particu- 
lar type of leukaemia. In chronic myeloid leukaemia 
(CML), a translocation between chromosomes 9 
and 22 Leads to a shortened chromosome 22, which 
is readily identified cytogenetically and called the 
'Philadelphia chromosome.' Many translocations 
occurring in lymphoid leukaemias involve the loci 
encoding immunoglobulins and T-cell receptors, 
and are thought to originate during normal ma&ra- 
tion of B and T cells, as the various receptor subunits 
on different chromosomes rearrange. Cytogenetic 
studies of leukaemia in the dog and cat are 
limited, and although translocations have been 
identified, no consistent changes have been detected 
as yet (Goh et al., 1981; Grindem and Buoeu, 1989; 
Carter et al., 1990; Nolte et al., 1993). In the cat, 
translocations occur in both FeLV positive and 
FeLV negative cats, suggesting that the virus itself 
is not responsible for the chromosome alterations 
(Gulino, 1992). 

GENERAL APPROACH TO THE 
LEUKAE-MIC PATIENT 

The diagnosis and management of the different types 
of leukaemiaare consideredk detail below. However, 
there are several features of these diseases that are 
common to all, and a discussion of clinical presenta- 
tion, general principles of diagnosis and management 
is pertinent. 
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Figure 8.18: Presenting signs of leukaemia. 

Clinical presentation 
The clinical presentation of leukaemia is variable 
because although the neoplastic cells arise in the 
bone marrow, the disease is essentially systemic, 
with neoplastic cells circulating in the blood and 
infiltrating other organs such as the lymph nodes, 
liver and spleen. Presenting signs result either from 
the effects of the expandmg neoplastic cell popula- 
tion within infiltrated organs or from tumour-related 

, L ,. , 1 Cardiovascular / Arrhythmias (bradycar~,~,, 1 

reflexes 

some may have additional signs relating to the Figure 8.19: Clinical signs of hypercalcaemia 

complications and paraneoplastic syndromes. The 
majority of cases show non-specific signs such as 

HaematoIogical complications 
Direct infiltration of the bone marrow by neoplastic 
cells (myelophthisis) suppresses normal haemato- 
poiesis and results in anaemia, thrombocytopenia and 
neutropenia, whereas alteration of cell surface anti- 
gens and aberrant production of antibodies from 
neoplastic lymphoid cells can lead to immune-medi- 
ated haemolytic anaemia and/or tbrombocytopenia. 
Excessivenumbers of cells in the circulation can result 
in hyperviscosity andformation of microthrombi. Dis- 
seminated intravascular coagulation (DIC) secondary 
to the above haematological complications is a com- 
mon terminal event in leukaemia. 

Metabolic complications 
Infiltration of organs such as the liver may disrupt 
normal metabolic function and produce various 
associated signs such as vomiting, anorexia and 
clotting defects. In addition, other clinical signs 
relating to metabolic upsets may result from accom- 
panying paraneoplastic syndromes (Figures 8.19 and 
8.20). 

lethargy, weakness, anorexia and weight loss, but 

Central nervous 
system 

Hypercalcaemia: Neoplastic lymphoid cells may pro- 
duce humoral factors/cytokines other than parathyroid 
hormone pH)-related protein (e.g. interleukin-1, 
tumonr necrosis factor and transforming growth fac- 
tors), which stimulate osteoclastic resorption of bone 
and result in hypercalcaemia of malignancy (Rosol et 
al., 1992). Hypercalcaemiaoccurs inabout 10-20% of 
cases of lymphoid leukaemia and myeloma in the dog 
but is much less common in the cat. Hypercalcaemia 
has serious systemic effects, by reducing neuromuscu- 
lar conduction and depressing the excitability of cell 
membranes. Hypercalcaemia also has a direct effect on 
the kidney tubules, initially through inhibition of anti- 
diuretic hormone, causinginability toconcentrateurine. 
Hypercalcaemiathus causes dinresis leadingto hypo- 
sthenuria and severe polyuria. Dehydration rapidly 
ensues if theanimal is not ableto compensate through 
polydipsia. Calcium can also cause direct damage to 
the renal tubules, and the combined effects of on- 
going tubular damage and decreased glomerular fil- 
tration rate due to hypovolaemia may cause 
irreversible renal failure. 

Depression, stupor, coma 
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Hypemiscosity 
Neurological/ocular Depression, disorientation, coma, ocular changes, sudden blindness 

Cardiac Congestive heart failure 
Haemostatic Bleedmg diathesis 

Haematological Epistaxis, gastrointestinal bleeding, bruising, haemolysis, petechiation 

Renal Polyuria, polydipsia 
Other Pyrexia 

Figure 8.20: Clinical signs of lzypergammaglobulinaemia. 

Hyperproteinaernia:Hyperproteinaemiaisusually due 
to hypergammaglobulinaemia resulting from aberrant 
production of immunoglobulins by neoplastic lym- 
phoid cells, as occurs incases of multiple myeloma and 
chronic lymphocytic leukaemia (CLL). Complications 
associated with excess plasma protein concentrations 
are hyperviscosity of the blood, interference with clot- 
ting factors leading to a tendency to bleed and renal 
damage caused by breakdown and excretion of 
immunoglobulins. 

diagnosis of leukaemia (Figure 8.21). Invariably a 
series of laboratory-based investigations are required 
to reach a definitive diagnosis of leukaemia and to 
assess the presence and severity of disease-related 
complications. 

Haematology 
Routine haematological assessment of the patient usu- 
ally provides the first indication of leukaemia. 
Haematological abnormalities may include: 

Hyperviscosity: Hyperviscosity of the blood causes " .  
sluggish circulation leading to poor oxygen transport - Lyropenra 

in critical capillary beds within organs such as the - Anaemia (usually non-regenerative) . . 
kidney and brain. Hyperviscosity may be exacerbated - ~eutropema 

bv formationof aggregates or microthrombi of tumour - Thrombocytopenia -- - 
cells in cases with extremely high blood cell counts. - Increased cell numbers 

- Disproportionate increase of one cell lineage 

Diagnosis . Abnormal cells 
In most cases, the clinical findings on physical exami- - Early immature blood cells in the peripheral 
nation of the animal will not specifically suggest a circulation. 

-weight loss 
Pyrexia 

Cancer cachexia, gastrointestinal upsets 
Neutropenia, hypergammaglobulinaernia, I 
pyrogen release 

Hypercalcaemia 
Anaemia 

Thrombocytopenia 
Bleeding diathesis, disseminated intravaqcular - 

coagulation 
Hyperviscosity syndrome, tumour infiltration 

Hyperviscosity syndrome, of 
nemes/centtal nervous system, intracranial 

I haematopoiesis 

Lameness, skeletal pain, muscle weakness I Infiltration of joints, multiple myeloma bone 

. . 

Lymphadenopathy 
Hepatosplenomegaly 

I lesions, hypercalcae4a 

Figure 8.21: Cl~nlcalpndzngs of leukaem~a. 

haemorrhage, hypercalcaemia 
Infiltration of lymph nodes 
Infiltration of abdominalvrgans, extramedullary 
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Bone marrow evaluation Diagnostic imaging 
Assessment of bonemarrow is essential to confirm the 
diagnosis of leukaemia and provide information upon Radiography and/or ultrasonography, to assess 
which the prognosis and treatment strategy can be possible neoplastic infiltration of internal organs 
defmed, depending on the degree of disruption of especially the liver, spleen and lung 
normal marrow elements. - Skeletal radiography if animal presents with 

Bone marrow may be sampled and evaluated in one lameness or if myeloma is suspected. 
of two ways (see Chapter 2): 

- Bone marrow aspirate (examined by cytology) GENERAL PRINCIPLES OF 
Bone marrow biopsy (examined by histology). MANAGEMENT 

Biochemistry 

- Electrolytes, especially calcium 
Urea and creatinine concentrations for renal 
function, especially if the animal is 
hypercalcaemic - Hepatic enzymes (such as alkaline phosphatase 
and alanine aminotransferase) 
Protein (both albumin and globulin 
concentration, in order to detect 
hypergammaglobulinaemia). 

Urinalysis 
Urinalysis is especially indicated in cases with hyper- 
calcaemia or hypergammaglobulinaemia. 

Specific evaluations 

Serum protein electrophoresis, to determine 
nature of hypergammaglobulinaemia (may be 
monoclonal or polyclonal gammopathy) 
Haemostatic profile, including clotting time, 

Whereas some types of leukaemia present with acute 
and life-threatening complications requiring emer- 
gency medical management, others may not require 
treatment at all. Specific treatments are detailed in the 
following sections, but there are some general princi- 
ples of management that apply to all cases. 

Treatment of the leukaemic animal usually re- 
quires a dual approach: supportive treatment of dis- 
ease-related complications (often necessitating 
emergency care) and specific treatment of the under- 
lying disease. 

Supportive treatment 
Several supportive measures may be required to cor- 
rect the haematological and metabolic complications 
of leukaemia. 

Antibiotic therapy 
Broad spectrum bactericidal antibiotic treatment is 
essential in the management of neutropenic patients 
where overwhelming sepsis poses a serious life-threat- 
ening risk (Figure 8.22). 

coagulation assays (one-stage prothrombin time, 
OSPT; activated partial thromboplastin time, Fluid therapy 
APTT) and tests for fibrin degradation products Fluids are indicated for maintenance of the anorectic 
(FDPs) if DIC is suspected. patient and correction of fluid losses and electrolyte 

Management of neutropenia 

Stop/reduce chemotherapy 

Set up blood cultures and 
antibiotic sensitivitv tests 

Start broad-specrmm 
bactericidal antibiotics 
immediately 

Soecific details 

If nentropenia c2  x 109/1, stop treatment 
Ifneutropenia 2-3 x 10q/l, reduce treatment by at least 50%, or stop 

treatment if pyrexic 

Modify antibiotic therapy if antibiotic resistance detected 

Intravenous route essential, and continue for at least 7 days. 
Can use: cephalosporin or p-lactamase-resistant penicillin in 

combination with gentamycin or amikacin; fluoroquinolone 
derivatives such as emofloxacin; trimethoprim-sulohamethoxazole 

I Supportive treatment I Intravenous fluid theram. warmth 

I Prevent infection with strict aseosis I Use aseotic techniane for all interventions such as blood samoles 

Figure 8.22: Management of neutropenia. 
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and acid-base disturbances, especially in the manage- 
ment of hypercalcaemia (Figure 8.23). 

Blood transfusion and/or blood component 
therapy 
Bloodand blood products are indicated in the manage- 
ment of patients that are severely anaemic or actively 
bleedmg. 

Plasmapheresis 
This may be indicated in the management of 
hyperviscosity (Figure 8.24) and polycythaemia (see 
Chapter 4). 

Specific treatment 

Chemotherapy 
Anticancer cytotoxic drugs are traditionally used to 
treat leukaemia. Because of the diffuse infiltrative 
nature of the disease, radiation and surgery are rarely 
indicated (although bone marrow irradiation is some- 
times used before bone marrow transplantation in 
human patients). 

A large array of cytotoxic drugs is available from 
human medicine, and although none of these agents 
are licensed for veterinary use, there is considerable 
experience of the effects and actions of these agents 
in the cat and dog. Most forms of leukaemia are at 
least potentially susceptible to several cytotoxic 
drugs, especially the alkylating agents, the 
antimetabolites and the anti-tumour antibiotics. 
Cytotoxic drugs are given usually in combinations 
rather than as single agents in order to achieve an 
additive tumouricidal effect and minimize toxicity. 

Numerous protocols that combine drugs of different 
actions and with different toxicities have beenused to 
treat leukaemias in the cat and dog, and some of these 
are set out in detail in the following sections. For a 
more detailed consideration of the principles and 
practice of cancer chemotherapy, see the reading list 
at the end of this chapter. 

Three phases of treatment are usually defined: 

Induction: aggressive and intensive treatment, 
aimed at eradication of as much tumour as 
possible in order to achieve clinical remission 
(no detectable disease) 
Maintenance: less aggressive and less frequent 
treatment, aimed at keeping the tumour in 
remission (drug therapy is tapered over a long 
period but is rarely stopped altogether) 
Rescue: recourse to aggressive treatment in the 
face of tumour recurrence (relapse of the 
disease). 

The patient must be monitored throughout chemo- 
therapy, not only to assess response to therapy but to be 
sure of detecting any drug-related complications at an 
early stage andtherefore preventing serioussideeffects. 
Although each drug has its own specific toxicities, 
most chemotherapeutic agents are myelosuppressive, 
and frequent haematological evaluation is vital to 
check that serious cytopenias do not develop. Many 
leukaemic patients have severe haematological abnor- 
malities before commencing therapy, and the risk of 
drug-induced complications is therefore increased. In 
some cases, especially for acute lenkaemias, it may be 
advisable not to start chemotherapy at all. 

Aid calciuresis 

Treat underlyihg disease 

losses 
Intravenous fluid therapy with normal (0.9%) saline at 2-3 times 
maintenance 

Administration of frusemide at 2 mglkg bid or tid (only after 
circulating volume restored) 

Administration of prednisolone at 2 mgjkg daily (only after a 
diagnosis has been obtained as steroid therapy will lyse lymphoid 
cells and may prevent the correct diagnosis being made) 

Specific chemotherapy 

Management of hypewiscosity 
Plasmapheresis (if hyperviscosity 
severe) 

Treat underlying disease 

Tigure 8.23: Management ofhypercalcaem~a. 

Specific details 
Remove 20 ml/kg body weight of whole biood and replace with 

1 
either centrifuged blood cells from the patient, which have been 
resuspended in crystalloid fluid or cells from a suitable donor 

Specific chemotherapy 
Figure 8.24: Management of hyperviscos~ty. 
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Neutropenia (neutrophil count less than 3 x 109/1) 
is the most serious haematological concern because 
of the risk of sepsis. Gram-negative bacteria that 
enter the circulation from the gastrointestinal tract 
are the most common source of infection, although 
intravenous catheters, urinary catheters orskin wounds 
may also introduce bacteria. Without neutrophils no 
pus is produced to indicate infection, and so pyrexia 
remains the only consistent indicator of infection. 
Any animal that becomes pyrexic while receiving 
chemotherapy should be admitted immediately, have 
a haematological evaluation and be treated accord- 
ingly (see Figure 8.22). 

Haematopoietic growth factors are potentially use- 
ful to promote normal marrow function in animals at 
risk of neutmpenia while receiving chemotherapy. 
This type of treatment (biological therapy) is currently 
undergoing veterinary trials in the United States 
(Ogilvie, 1993a). The human recombinant molecules 
G-CSF and GM-CSF are commercially available but 
their use in normal dogs stimulates neutraliiing anti- 
body production against the foreign protein, resulting 
in leucopenia. In dogs receiving chemotherapy, how- 
ever, antibodies do not develop and the human 
recombinant growth factors are beneficial (Henry et 
al., 1998). The canine recombinant equivalents, al- 
though effective in increasing the numbers of 

ventional staining, the use of cytochemical stains (Fig- 
ure 8.25), immunocytochemical stains and flow 
cytometry now indicate that myeloid leukaemias may 
account for up to 75% of acute leukaemias in both the 
dog and the cat (Couto, 1992; Vernau and Moore, 
1999). Affected animals are young to middle aged, but 
the affected age range is broad (1-12 years). There 
may be a slight sex predisposition to acute leukaemia 
in the dog (rna1e:female ratio of 3:2) but there is no 
breed predisposition in dogs or cats. 

Clinical features 
Acute leukaemias are characterized by aggressive 
behaviour and rapid progression. Affected animals 
often present withnon-specific vague signs, but signs 
specific for leukaemia-associated complications are 
also common. Pallor, pyrexia, mild lymphadeno- 
pathy and pronounced hepatosplenomegaly are fre- 
quent clinical findings. Although lymphoid and 
myeloid leukaemias cannot be reliably distinguished 
on the basis of physical examination, subtle differ- 
ences do exist. For example, pyrexia, shifting lame- 
ness (due to bone pain), ocular lesions and DIC are 
more common in acute myeloid leukaemia (AML) 
whereas neurological signs and mild lymphadeno- 
pathies are more common with acute lymphoblastic 
lenkaemia (ALL). 

granulocy~cs and monocyres in dogs and cats (Nash er 
ul., 1991;0bradovicherul., 1991,1993;Ogilvieeral., Diagnnstic investigations 
1992), are not yet commercially available. 

ACUTE LEUKAEMIA 

Epidemiology 
Acute leukaemias account for less than 10% of all 
haematopoietic neoplasms in the dog and 15-35% in 
the cat, although it is difficult to obtain an accurate 
estimate because of the failure to distinguish lym- 
phoma from leukaemia in many cases. Similarly, the 
true proportion of myeloid and lymphoid leukaemias 
is unclear. Although the majority of acute leukaemias 
are lymphoid when classifiedmorphologically by con- 

- - 
Haematology 
Haematology usually shows noticeable abnormalities 
in acute leukaemias. Neoplastic blast cells are ob- 
served in the circulation for both myeloid and lym- 
phoid leukaemias (although blast cellsareoccasionally 
absent in AML) and often result in leucocytosis pig- 
ures 8.26 and 8.27). White blood cell counts are 
usually highest in ALL (100-600 x 109/l). Cytopenias 
(non-regenerative anaemia, thrombocytopenia andneu- 
tropenia ) are present in all cases, although anaemia 
and thrombocytopenia may be less severe in acute 
monocytic leukaemia (AMoL). Evaluation of coagu- 
lation profiles and FDPs may indicate DIC. 

( esterase I 
z t e  myeloid leukaemia - + + - +7 
Acute monocytic leukemia + - - + - 1 

Acute myelomonoc#ic f f f f f 
leukaeka 

Acute lvm~hoblastic leukaemia I I I I 
Figure 8.25: Cyrochemical staining reactions for acute leukaemias. 
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Figure 8.26: 
Haematocrrt of 
dog wrth 
leucocytosrs 
showing thrck 
b u f i  coat 
(arrowed). 

. . 
acute myeloid leukaemia conmining abnormal immature 
myeloid cells (arrowed). 

Biochemistry 
Biochemistry may indicatehypercalcaemia, orhepatic 
or renal dysfunction. 

Bone marrow 
Bone marrow usually appears hypercellular, with a 
predominance of blast cells and a consequent reduc- 
tion in other cell lineages Pigures 8.28 and 8.29). 

Figure &28: Photnmrcrograph of bone marrowfrom dog 
with acute myelold leuhemra showrng apredomrnance of 
early myelord cells farrowed). 

Fiaure 8.29. Photomrcroara~n or Done marrow from aoa 
I 

ajch acute l ) rnphob lus t ic ' i r~ku (~~~ i~~ .  The bo,rt2 ,hd<ro,v !; 
domi~raredby lnrgc ~~~~~~~~~~~~diare l)~,~zphoidrells (arrotued+ 

Specific diagnosis 
The specific diagnosis of acute leukaemia is based on 
the predominance (40-50%) of blast cells in the bone 
marrow, usually accompanied by similar cells in peri- 
pheral blood. ALL is best differentiated from AML 
and AMoL by cytochemical staining (Jainetal., 1981; 
Couto, 1985; Facklam and Kociha, 1985, 1986; 
Grindem et al., 1985a and h, 19861, immunocyto- 
chemical labelling or flow cytometricanalysis (Vernau 
andMwre, 1999), as morphological appearance alone 
may not he diagnostic (Figure 8.30). However, com- 
mercial veterinary diagnostic laboratories in the United 
Kingdom do not often use such stains, and ALL is 
therefore overdiagnosed. 

Figure 8.30: Photomicrograph of bone marrowfrom dog, 
stained wirh chloroacetate esterare. The srain is taken up by 
normal neutrophils and by their precursors. (Picture 
courtesy of ~ o h n  Dunn.) 

In some cases the distinction of ALL from lym- 
phoma is difficult because animals with either disease 
may have lymphadenopathy, haematological abnor- 
malities and lymphohlasts in the bone marrow. In 
general, cases of ALLhave amilderlymphadenopathy 
butmoresevere bone marrev changes and cytopenias, 
andthereforeappear systemically ill (Leifer andMatus, 
1985; Morris etal., 1993), whereas cases of lymphoma 
are generally not systemically unwell and have less 
severely affected bone marrow but present with a 
massive lymphadenopathy. 
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Management 

Supportive treatment 
Supportive measures for acute leukaemia include fluid 
therapy for dehydration, anorexia or hypercalcaemia, 
blood transfusion for severe loss of red cells or plate- 
lets and antibiotic therapy for secondary infections. 

Specific treatment 
The aim of specific therapy for acute leukaemia is to 
destroy the leukaemic cells by using chemotherapy, 
and thereby allow resumption of normal haematopoi- 
esis (Figure 8.31). These aims are, however, rarely 
achievedinveterinary medicine (seebelow), andtreat- 
ment of acute leukaemia in dogs is not usually success- 
ful. Euthanasia is an option that should be considered 
at the time of diagnosis. 

Schedules for chemotherapy have been described: 

Induction protocols for acute leukaemiaarenseduntil 
the white bloodcellcount returns tothenormal range and 
blast cells are no longer seen in peripheral blood. In 
theory, drug dosesandfrequenciescanthen be reduced to 
maintenance levels, but in practice this is rarely achieved. 

In veterinary medicine, the use of chemotherapy 
for the treatment of acute leukaemia is severely re- 
stricted by the degree of myelosuppression caused by 
the disease. The inability to preserve sufficient levels 
of normal blood cells during treatment is a constant 
problem. Furthermore, the toxicity of cytotoxic agents 
may be exacerbated by compromised hepatic and renal 
function. Most animal patients succumb to either over- 
whelming sepsis secondary to neutropenia, organ fail- 
ure secondary to infiltration with neoplastic cells or 
DIC. Intensive medical care, bone marrow transplants 
and extracorporeal treatment of bone marrow are used 

- Drugs recommended for the treatment of ALL in human medicine but are not routinely available for 

are similar to those recommended for lymphoma, veterinary use. Thedevelopment of canine recombinant 

that is, vincristine and prednisolone plus an G-CSF and GM-CSF may lead to significant improve- 

alkylating agent ments in the treatment of acute leukaemias. 

- ~ A g s  recommended for the treatment of AML Prognosis 
include prednisolone, mercaptopurine or The prognosis is poor for all acute leukaemias owing 
thioguanine in combination with cytosine to failure to induce and maintain remission, organ 
arabinoside; the last agent is used because it may failure (whichenhancesthecytotoxiceffectsofchemo- 
encourage differentiation of blast cells therapeutic drugs) and septicaemia secondary to either 
(Castaigne et a/., 1983). the disease or the treatment. 

I Acute lvm~boblastic leukaemia 
Induction 
Vincristine 0.5 mg/m2 i.v. every 7 day. 
and prednisolone 40 mg/m2 by mouth daily for 7 days then 20 mg/m2 every 48 hou - 
Additional agents (if not neutropenic) 

Cyclophospbmide 50 mg/m2 by mouth every 48 hours 
or Cyclophosphamide 50 mg/m2 by mouth every 48 hours 

and cytosine arabinoside 100 mg/m2 s.c. or i.v. daily for 2-4 days (use divided doses if giveni.~.) 
or L-asparaginase 10,000-20,000 IU/m2 i.m. every 2-3 weeks 
Acute myeloid leukaemia 
Induction 
Cytosine arabinoside 100 mg/m2 s.c. or i.v. daily for 2-6 days or 5-10 mg/m2 s.c. twice daily for 

2-3 weeks, then on alternate weeks 
Additional agents (to increase response) 
Prednisolone 40 mg/m2 by mouth daily for 7 days then 20 mg/m2 every 48 hours 
or 6-Thioguanine 50 mg/m2 by mouth daily or every 48 hours 
or 6-Thioguanine 50 mg/m2 by mouth daily or every 48 hours 

and doxorubicin 10 mg/m2 i.v. every 7 days 
or Mercaptopurine 50 mg/m2 by mouth daily or every 48 hours 
Maintenance 1 
Reduce any of the above drug combinations to a dose and frequency which maintain white blood cell counts 

within the normal range 
Try alternate week therapy first, that is, a week of chemotherapy, a week without treatment, a week of 

chemotherapy, and so on 
Figure 8.31: Chelnotherapy protocols for the rreatjnent of acute leukarmta. 
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The prognosis for ALL is slightly better than for 
AML in both the dog and cat. Survival times of 1-3 
months in dogs and 1-7 months in cats have been 
reported for ALL (Couto, 1992) althoughother authors 
claim better success (MacEwen et al., 1977; Matus et 
al., 1983; Gorman and White, 1987). Survival times 
for AML rarely exceed 2-3 months for both dogs and 
cats (Couto, 1985; Grindem et al., 1985b). 

CHRONIC LEUKAEMIAS 

Epidemiology 
Chronic leukaemia is less common than acute lenkae- 
mia especially in the cat where chronic lymphocytic 
lenkaemia (CLL) is a rare disease and CML is even 
rarer. Most cases of CLL in the cat are FeLV negative 
(MacEwen, 1996). In the dog, CLL is more common 
than CML and most cases of CLL are derived from T 
lymphocytes (Vernau and Moore, 1999). CLL occurs 
in middle-aged to old dogs (mean 9.4 years) whereas 
CML occurs at any age. The male to female ratio for 
dogs with CLL is 2:1, but no breed predispositions 
have been reported. 

Clinical features 
Chronic lenkaemia is a slowly progressive disease 
characterized by mild clinical signs. About 50% of 
cases of CLL may beasymptomatic and only detected 
on haematological examination. Most cases of CML 
and the remainder of cases of CLLpresent withclinical 
signs such as lethargy, anorexia, vomiting, pyrexia, 
polyuria, polydipsia and weight loss. Clinical exami- 
nationmay reveal pallor, mild lymphadenopathy (more 
common in CLL), splenomegaly, hepatomegaly or 
skin infiltration. Monoclonal gammopathy is associ- 
ated with 25% of cases of CLL (although 10% may 
have reduced immunoglobulin concentrations), and 
hyperviscosity syndrome may therefore be present. 
Infection and pyrexia secondary to reduced humoral 
and cellular immunity are common. 

A change from the proliferation of mature cells to 
blast cells (a blast cell crisis) often occurs as a terminal 
event with CML (but not CLL), months to years after 
diagnosis, and at this point the clinical signs become 
much more severe. 

Diagnostic investigations 

I 

i 
Haematology 
Haematology usually shows a noticeable lympho- 
cytosis in CLL (from 5 to more than 100 x 109/1) and 

I leucocytosis with a left shift in CML. Circulating 
lymphocytes inpatients with CLL are often normal 
in appearance, although slightly less mature forms 
can sometimes be seen. Mild anaemia and thrombo- 
cytopenia are usually present in patients with CLL 
and CML. 

Biochemistry 
Biochemistry often shows hyperproteinaemia, and 
serum electrophoresis may show a monoclonal 
gammopathy (usually owing to increasedIgM concen- 
tration). Hypercalcaemia may be present. 

Bone marrow 
Bone marrow analysis shows a hypercellular marrow 
with a predominance of mature forms of the lymphoid 
or myeloid series (Figures 8.32 and 8.33). 

Figure 8.32: Photomicrograph of bone marrowfrom dog 
with chronic lymphocytic leukaemia. The bone marrow is 
dominated by small mature lymphocytes farrowed). 

- .  . 
wGh chronic myeloid leukaemza. The bone marrhw contiins 
increased numbers o f  bands and neutroohils. It can be 
difficult to distingu& chronic myeloid ieukaemiafrom 
granulocytic hyperplasia as the appearance of the bone 
marrow issimilar. (Picture courtesy of John Dunn.) 

Specific diagnosis 
The specific diagnosis of chronic leukaemia is based 
on bone marrow fmdiigs and the nature of the accom- 
panying leucocytosis. A noticeable lymphocytosis 
(greater than 20 x 109/1) is almost pathognomonic for 
CLL, although on occasion this may need to be differ- 
entiated from lymphoma of a lymphocytic cell type. 
The diagnosis of CML is often more difficult than that 
of CLL because of a lack of specific clinical and 
laboratory abnormalities characteristic of the disease. 
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It is often difficult to distinguish CML from leu- 
kaemoid reactions and prelenkaemic syndromes on 
clinical findings, and careful examination of bone 
marrow may be necessary to reach a correct diagnosis. 
In patients with splenomegaly, histological examina- 
tion of the spleen may be helpful. 

Management 

Supportive treatment 
Paraneoplastic complications such as hypercalcaemia 
and hypergammaglobnlinaemia may need to be ad- 
dressed in patients with chronic leukaemia. 

Specific treatment 
For asymptomatic cases of CLL, theremay be no need 
for treatment, although frequent monitoring and 

In either CLL or CML, the aim of treatment is to 
restore the peripheral blood counts to within the nor- 
mal range, and response to treatment is monitored by 
haematological find'mgs. Once remission is achieved, 
maintenance therapy is continued at reduceddoses and 
frequencies of the appropriate drugs in order to keep 
the white blood cell counts within the normal range. 

Prognosis 
The prognosis for chronic lenkaemia is much more 
favourablethanfor acute leukaemia. Mean andmedian 
survival times for CLL inthe dog may exceed one year 
(Leifer and Matus, 1985,1986) but are usually shorter 
for CML, which has a greater risk of blast cell crisis. 

OTHER LEUKAEMIAS 
haematological screens are advised. For symptomatic 
cases of CLL and for all cases of CMI., chen~othrnpy Eosinophilic and basophilic leukaemia 
is the treatment of choice (Figure 8.34). In CLL, the 
alkylating agent chlorambucil is used in combination 
withprednisolone. More potent alkylating agents such 
as cyclophosphamide may be used in refractory cases 
of CLL, where they may also he combined with vin- 
cristine. CMLisusually treatedwitheitherthealkylahg 
agent busulphan or hydroxyurea, usually in combina- 
tion with prednisolone. 

~osinophilic and basophilic leukaemias are rarely 
reported in the dog and are usually considered as 
variants of CML. The diagnosis of eosinophilic 
leukaemia can only be made after careful exclusion 
of other causes of eosinophilia, and there is some 
doubt as to whether the condition trnly exists in 
dogs and cats. Basophilic leukaemia must be distin- 
guished from mast cell leukaemia because cell types 

Chloramhucil 2-5 mg/m2 by mouth daily for 7-14 days, then 2 mg/m2 every 48 hours or 
20 m g / d  by mouth as a single dose every 14 days 

* Prednisolone 40 mdm2 bv mouth dailv for 7 davs. then 20 mdm2 even 48 hours 
I Additional aeent (for increased resoonse) I 

Vincristine 0.5 mg/m2 i.v. every 7 days 

Alternative protocol (for increased response) 
Vincristine 0.5 mg/m2 i.v. every 7 days 
and Cyclophosphamide 50 mg/m2 by mouth every 48 hours 

2-6 mg/m2 by mouth daily until remission achieved 

Try alternate week therapy first, that is, a week of chemotherapy, a week without treatment, a week of 
chemotherapy, and so on 

After a few months trv one week of treatment in three. then one week in four 
Figure 8.34: Chemotherapy protocols for the treatment of chronic Ieukaemia 
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CHAPTER EIGHT 

(iv) Feline Retrovirus Infections 

Andrew Sparkes and Kostas Papasouliotis 

INTRODUCTION 

Three exogenous contagiousretrovirusesaretransmit- 
ted between cats (Figure 8.35): feline syncytlum- 
formingvirus (FeSEV), feline leukaemiavirus (FeLV) 
and feline immunodeficiency virus (FIV). Of these 
viruses, FeSFV is generally considered to be non- 
pathogenic, whereas FeLV and FIV are important and 
common causes of disease. Infection with either FeLV 
or FIV can have a profound effect on haematological 
variables, some of which may be diagnostically help- 
ful in alerting the clinician to the possibility of these 
viruses as an underlying cause of disease. Although 
there aremany similarities in the diseasesproducedby 
these two viruses, there are also important differences 
in many aspects of their epidemiology, pathogenesis, 
diagnosis and control, and these aspects will therefore 
be briefly considered separately for each virus. 

FELINE LEUKAEMIA VIRUS (FeLV) 

Epidemiology of FeLV 
Cats persistently infected with FeLV excrete large 
quantities of labile vim in their saliva and nasal 
secretions. Transmission of infection is mainly hori- 
zontal and occurs primarily during prolonged direct 
social interaction between infected and susceptible 
cats where there is oppormnity for exchange of saliva 
(e.g. mutual grooming, sharing of food/food bowls). 
Vertical transmission is also possible, but persistent 
FeLV infection usually results in infertility, abortion 
or resorption of fetuses in a pregnam queen. 

The outcome after exposure to FeLV depends on 
many factors, including the dose of virus, the viral 
strain and host resistance (related to the age of the cat, 
its immunocompetence and probably also its geno- 

type). In colonies of cats where FeLV is endemic, 
typically 30% will be persistently infected (persist- 
ently viraemic), 40% will have had self-limiting infec- 
tions andbeimmuneand30% willhavehadinsufficient 
exposure to establish infection. Of those cats withself- 
limiting infections, a proportion will experience tran- 
sient viraemia before the immune response limits the 
infection, and a proportion will be latently infected 
(have proviralFeLV DNA integrated into certain host 
cells) for a period of time. Clinically and 
epidemiologically it is the persistently viraemic cats 
that aremost important, although a small proportionof 
latently or previously infected cats may also develop 
FeLV-related disease. 

Worldwide it is estimated that 1-3% of the general 
cat population is persistently infected with FeLV. 
However, the prevalence of infection varies accord'mg 
to the population of cats studied (theit lifestyle and 
potential for exposure to FeLV), and there is also 
evidence of geographicaland regional variationsinthe 
prevalence of FeLV. FeLV infection is most common 
incats up to 5 years of age,with a declining prevalence 
thereafter (Hosie et al., 1989). 

Pathogenesis of FeLV infection 
If a cat infected with FeLV fails to eliminate the 
infection within the fmt  4-6 weeks, haemolymphatic 
infection is established, which almost invariably 
results in petsistent viraemia. FeLV replicates 
most effectively in rapidly dividing cells, having a 
particular tropism for the haemopoietic stem cells 
in the bone marrow, the intestinal crypt epithelial 
cells and the germinal centres of lymphoid follicles. 
Infection of bone marrow stem cells generally leads 
to large quantities of v i m  being produced, which 
overwhelms the host's immune response, leading to 
persistent viraemia. Within the bone marrow, those 

Figure 8.35: Feltne retroviruses. 
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cells of the myelomonocyte lineage develop an in- 
creasing virus burden as they mature, whereas in the 
erythrocyte precursors there is a greater viral burden 
in the early undifferentiated cells. The persistent 
viraemia of bone marrow origin is partly cell associ- 
ated, with circulation of infected neutrophils, 
lymphocytes, monocytes and platelets, in addition to 
free virus being present in plasma. 

Infection with FeLV can result in either 
cytoproliferative (neoplastic) diseases, such as lym- 
phoma, sarcoma and myeloproliferative disorders, and/ 
or cytosuppressive (degenerative) diseases such as 
immunodeficiency, anaemia and myelosuppressive 
disorders. The outcome of infection in any individual 
is partly determined by the subgroups or strains of 
FeLV infecting that cat. 

Individual cells are infected with FeLV when the 
major viral envelope glycoprotein (gp70) binds to 
specific cellular receptors, resulting in release of the 
viral RNA genome into the cell cytoplasm. Under tlie 
influenceof tlie viral reverse transcriptase and the host 
cell's DNA polymerase, a double-stranded DNA copy 
(provirus) of the single-stranded RNA viral genome is 
produced. The provirus is integrated into the host cell 
genome during cellular division and can then lead to 
productive infection (cellular synthesis of viral pro- 
teins, which are assembled into viral particles that bud 
from the cell surface). The pathogenesis of FeLV- 
related disease at a cellular level is not fully under- 
stood, but whereas infected cells are often able to 
function normally, in other cases the accumulation of 
certain viral proteins (e.g. p15E, gp70) within the 
cytoplasm may disrupt cellular function. In addition, 
the insertion of the proviral DNA into tlie host cell 
genome can disrupt or activate certain cellular proto- 
oncogenes leading to insertional mutagenesis and 
neoplastic transformation of the cell. Another adverse 
effect seen with some FeLV strains is failure to inte- 
grate the proviral DNA into the genome, leading to an 
accumulation of cytoplasmic viral DNA that can again 
disrupt cellular function and cause cytotoxicity. 

According to the antigenic structure of the gp70 
envelope glycoprotein, FeLV isolates are divided 
into three major subgroups: A, B and C. Subgroup A 
is the major naturally acquired transmissible form 
of FeLV, whereas subgroups B and C generally arise 
de novo in infected cats as a result of mutation of the 
proviral DNA and/or recombination of this DNA 
with endogenous FeLV-related DNA sequences 
present in the cat's genome. FeLV A is invariably 
found in all FeLV-infected cats, whereas subgroup B 
is found in around 50% of infected cats and subgroup 
C in just 1-2% of infected cats. Mixed infections 
with subgroups A and B are generally considered 
more pathogenic than infection with FeLV A alone, 
and infections with subgroup C lead to the rapid 
development of erythroid aplasia, thymic atrophy 
and lymphoid depletion. 

Rarely, FeLV DNA may recombine with certain 
cellular proto-oncogenes to form tlie acutely trans- 
forming feline sarcoma virus (FeSV). These viruses 
are defective, requiring FeLV to sustain their replica- 
tion, but they result in rapid neoplastic tralisformation 
of cells, with the induction of multiple malignant 
sarcomas. 

Diseases associated with FeLV infection 
Uncommonly, but particularly if infected at a young 
age, cats may develop FeLV-related disease and die 
within a few weeks of tlie onset of viraemia. More 
usually, however, FeLV-related disease occurs after a 
prolonged period (months to years) of asymptomatic 
viraemia. FeLV is a common cause of chronic disease 
in cats, the prevalence of viraemia insickcats typically 
being 10-20% (Hosieetal., 1989).Furthemore,FeLV- 
related disease comn~only results in death of the in- 
fected cat; about 50% of infected cats die within 6 
months of the diagnosis being made, and Inore than 
80% die within 3.5 years. 

AlthoughFeLV isanoncogenic vims, thedevelop- 
lnent of neoplasia accounts foronly around 10-25% of 
FeLV-related deaths. Solid lymphomas are the most 
common tumours caused by FeLV infection, with 
thymic, alimentary, multicentric and atypical (miscel- 
laneous) forms also being described. Most FeLV- 
related ly~nphomas are T-cell malignancies and most 
are subleukaemic, although a proportion will be ac- 
companied by lymphocytic leukaemia. In addition to 
lymphomas, FeLV infectionmay resultinthedevelop- 
ment of a variety of leukaemias (predominantly of 
erythroid or myelomol~ocytic origin) or myeloprolif- 
erative disorders. 

ent syndromes recognized, FeLV-associated 
immunosuppression is the most important, probably 
accountins for around 50% of all FeLV-related dis- ., 
eases. The pathogenesis of the ilnmunosuppression 
includes defectiveneutrophil function, dysfunction and 
depletion of T lymphocytes, immune complex forma- . -  ~ 

tion and complement depletion. The resulting immuno- 
suppression leaves the infected cat susceptible to a wide 
variety of secondary and opportnnistic infections. 

Other manifestations of FeLV infection include 
anaemia (present in up to 30-50% of FeLV-infected 
cats), myelosuppression, enteropathy, reproductive 
failure, neurological disorders, fading kittens (thymic 
atrophy) and immune complex-related diseases (poly- 
arthritis, glomerulonephropathies). 

Specific haematological changes associated 
with PeLV infection 

Primary infection 
Most FeLV strains will cause a lymphopenia during 
the first 2 months after infection, with a variable effect 
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on lymphocyte subsets. Conversely, lymphocytosis is 
sometimes seen, but in most cases these leucocyte 
changes resolve, and these variables remain normal or 
near normal throughout the prolonged asymptomatic 
period. Occasionally, with infection by more virulent 
FeLV strains, a persistent decrease in lymphocyte 
numbers (including CD4' and CD8' T cells) is seen, 
which contributes totheearly development of immuno- 
suppression in these cats. 

Anaemia 
The development of anaemia is a common conse- 
quence of FeLV infection and may account for up to 
25% of FeLV-related deaths. FeLV infection is recog- 
nized as the single most common cause of anaemia in 
the cat. As the haematopoietic stem cells are a major 
target for FeLV replication, the anaemia can be a 
manifestation of FeLV-induced myelodysplasia or 
erythroid aplasia. In other situations, the anaemia is 
haemolytic in origin. 

Between 10% and 20% of FeLV-related anaemias 
are regenerative. These anaemias are characterized by 
anisocytosis, polychromasia, reticulocytosis, macro- 
cytosis and the appearance of nucleated red blood 
cells, which can be associated with extramedullmy 
(splenic and hepatic) erythtopoiesis. Most commonly, 
these anaemias are either immune-mediated or due to 
concurrent infection with Haemobartonellafelis (see 
Chapter 5). Because of the established relationship 
between FeLV infection and haemobartonellosis 
(Bobade et al., 1988), evaluation of fresh (not ethyl- 
enediamine tetra-acetic acid-preserved) blood smears 
for H. felis is advisablein all cases of FeLV-associated 
anaemia. The prognosis for anaemic FeLV-infected 
cats is poor. Somecats may show temporaryresolution 
ofthe anaemia - eitherspontaneously orin response to 
appropriate tberapy - hut recurrence of anaemia is 
commonandmany will eventually progress to develop 
lymphoma, myeloproliferative disease, leukemia or 
eqnhroid aplasia. 

Most FeLV-induced anaemias are non-regenerative 
and may be associated with myeloproliferative disor- 
de~s,myelofibrosisandosteosclerosis,dyserythropoiesis 
or erythroid aplasia (which can sometimes be a part of 
apancytopenia). Myeloproliferative diseases willsome- 
times lead to theappearance of leukaemic cells in blood 
smears, but more commonly the specific diagnosis of 
these cases requires examination of bone mamow aspi- 
rates. Some cases of dyserythropoietic anaemia exhibit 
high numbers of circulating nucleated red blood cells 
without concomitant reticulocytosis and others show a 
noticeable megaloblastic anaemia,which is unrelatedto 
vitamin B 12 deficiency (Figure 8.36). Although gener- 
ally classified as non-regenerative, some of these 
anaemias may in fact show evidence of partial (but 
inadequate) red cell regeneration. 

In the cat, 70% or more of non-regenerative 
anaemias are due to FeLV infection, and red cell 

" 
leuhernia virus. 

aplasia is themost common cause, althoughinpractice 
it may not be easy to 'stinguish red cell aplasia 
from certain myeloproliferative diseases and 
dyserytbropoiesis, and these may occur concurrently 
in an infected cat. 

Red cell aplasia is characterized by normocytic 
normochromic anaemia or sometimes macrocytic nor- 
mochromic anaemia with reticulocytopenia of both 
aggregate and punctate fonns. Bone marrow aspirates 
show a noticeable increase in the rnye1oid:erytbroid 
ratio due to depletion of erytbroid precursors. There is 
a strong association between the development of red 
cell aplasia and infection with FeLV subgroup C, and 
in experimental infections the appearance of subgroup 
C in plasma immediately precedes the development of 
progressive anaemia. It seems that FeLV C infects 
early erythroidprecursors (burst-formingunits - eryth- 
roid, andcolony-forming units - erythroid) in the bone 
marrow, causing both depletion of these cells a d  also 
a decreased responsiveness to normal growth factors, 
thustheanaemiaptogressesdespitemarkedly i n c m d  
serum erythropoietin concentrations. There is evi- 
dence that much of the red cell aplasia attributed to 
infectionwithFeLV Cismediated by the cytotoxicand 
cytosuppressive effects of the gp70 envelope glyco- 
protein of this subgroup. Coinfection with H. felismay 
&so contribute tothese non-regenerative anaemias. 

Lymphopenia and neutropenia 
Although infection with FeLV can induce ifnmuno- 
suppression through functional disturbances of both 
lymphocytesand neutrophils, many cats willalsohave 
depletionof these cell lmes. Up to 70% of infectedcats 
will have lymphopenia and up to 35% may have 
absolute leucopenia. The Iymphopenia seems to in- 
volve both B and T cells. 

In addition to lymphowa, neutropenia has also 
been reported frequently in FeLV-infected cats, and 
FeLV infection should be regarded as an important 
differential diagnosis for any neutropenic cat. Cyclic 
fluctuations in the numbers of neutrophils (cyclic 
neutropenia), lymphocytes and other circulating cells 
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(cyclic haematopoiesis) have been reported in some 
FeLV-infected cats (Swenson et al., 1987). Neutro- 
penia is an important f i n g  as it frequently leads to 
secondary infections that may overwhelm the cat. 
Although neutropenia and/or leucopenia may be a 
manifestation of the cytopathic effect of FeLV infec- 
tion, they may also reflect underlying myelopmlifeta- 
tive diseases or preleukaemic syndromes. 

FeLV mveloblastouenia 
F~LV-as~ociatedm;eloblastopenia is clinically indis- 
tinguishable fromfelinepanleucopenia virus infection 
andis reported to occur relatively frequently in FeLV- 
infectedcats. Tbe syndrome is characterized by pro- 
foutnl anaemia (frequently aplastic) in combination 
with severe leucopenia (LC. pancytopenia), which is 
accompanied by dysentery, vomiting, anorexia and 
depression. Affectedcatshvariably die. Thecombina- 
tion of signs in these cats presumably reflects the 
replication of FeLV in target cells of the intestinal 
epithelium and bonemarrow, althoughthe picturemay 
be complicated by secondary bacterial infection. 

'Normal' leucocyte responses 
Although many, if not all, FeLV-vuaemic cats are 
immunosuppressed to some degree, this does notnece- 
ssarily preventthem mounting aresponse to secondary 
or opportunistic infections. Many infected cats will 
therefore exhibit neutrophilic leucocytosis, perhaps 
with a left shift as an appropriate response to concur- 
rent bacterial (or viral) infections. 

Platelet abnormalities 
Both megakaryocytes and platelets harbour FeLV. 
Macrothrombocytes with impaired function and de- 
creased longevity are common in infected cats, and 
although this could potentially lead to bleeding disor- 
ders, such disorders have rarely been described in 
FeLV-infected cats. In arecent study, FeLV infection 
wasidentified in 27% (11 of 41) of thrombocytopenic 
cats, two of which had bleeding disordets (Jordan et 
al., 1993). 

FeLV-induced leukaemias 
Leukemias are characterized by neoplastic cells 
present in the peripheral circulation, and FeLV is the 
agentresponsible for most (70-90%) felinelenkaemias. 
Lymphoblastic (Figure 8.37) or lyrnphocytic leukae- 
mia may occur alone or in combmation with solid 
lymphomas, and other FeLV-associated leukaemias 
inclndeacute andchronic myelogenous leukaemia and 
morerarely,monocytic, myelomonocytic, erythtocytic, 
megakaryocytic, eosinophilic and undifferentiated 
leukaemias. 

Diagnosis of FeLV infection 
The diagnosis of FeLV infection is usually stmight- 
forward. The clinician will be alerted to the possibility 

Figure 8.37: Lymphoblasnc lelrkaemia in a cat with feline 
Eeukaemia M'rus, 

of underlying FeLV as a causeof diseaseby the clinical 
history (e,g. recmnt  episodes of disease suggesting 
immunosuppression), clinical findings and clinico- 
pathological changes. As most cases of FeLV-related 
diseaseoccur in persistently viraemic cats, detectionof 
infection is readily achieved by assaying blood Sam- 
ples for the presence of p27 - one of the core proteins 
of FeLV, which is almost invariably present in the 
plasma of persistently infected cafs. Figure 8.38 lists 
the tests currently availablein the UnitedKingdomfor 
detection of this antigen and some of these are shown 
in Figure 8.39. Newer kits designed for 'in-house' 
diagnostic testing, such as the ELISA 'Snap' test 
(Idem) and 'Witness' immunogold migration test 
(Merial) virtually eliminate the possibility of operator 
error and are thus highly reliable. As with any test, on 
rare occasions false positives and false negatives can 
occur. If there is any reason to doubt the validity of a 
positive test result, repeating the test at a referenee 
laboratory by using the technique of virus isolation is 
recommended as this is currently considered the 'gold 
standard'by which other tests are measured. Although 
false negative test results are considered exh-emely 
uncommon, if FeLV is still considered a sttong possi- 
bility despite a negative 'in-house' test result, confir- 
mationmay again be sought throughvirus isolation It 
should be remembered however, tbat not all cats with 
FeLV-related disease will be persistently viraemic, 
andit is estimated that 2-6% of cats that recover from 
FeLV infections (i.e. do not develop persistent virae- 
mia) will go on to develop FeLV-related disease. 

Treatment of FeLV-infeeted cats 
The decision on whether to treat an FeLV-infected cat 
must be made on an individual basis but will be influ- 
enced by the clinical condition of the cat, the short- and 
long-term prognosis, the risk the infected individual 
poses to other cats, and the owner3 wishes. Sympto- 
matic andsupportive therapy is most oftenprovided for 
conanrent, secondary or oppomrnistic infections (e.g. 
H. felis), and it is important that these infections are 
comectly identified to allow specific therapy. 
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the bone marrow pool of neutrophils). However, it is 
important that covering antibiotics are used at the same 
time because of the risk of severe immunosuppression. 

Petchek FeLV (Idexx) FeLV-associated lymphoma and lymphoid leukae- 
Membrane ELISA mia may respond to appropriate chemotherapy but the 
Snap F e L V W  Combo (Idexx) 'risks versus benefits' need to be carefully assessed 
Rapid immunogold migration before commencing such therapy in a viraemic cat. 
Witness FeLV (Merial) 
SpeedCat Duo (Vetlab Supplies) Control of FeLV 
Immunofluorescence Traditionally, FeLV has been controlled in colonies 
Some commercial laboratories (e.g. VetLab of cats by the 'test and removal' policy, which has 

been shown to work well (Jarrett, 1994). More re- 
cently, the introduction of FeLV vaccination has 
meant that the general cat population can also be 
afforded some protection against this disease. 
Although vaccination is a valuable tool to help pre- 
vent infection in cats that could potentially encounter 
the virus, it is important to appreciate that none of the 

Feline Diagnostic Service (University of Bristol) FeLV vaccines available have been shown to provide 
Felme V i s  Unit (University of Glasgow) 100% protection against infection. Vaccination may 

clearly be desirable in cats that are considered to be 
Polymerase chain reaction (PCR) to detect 'at risk' of acquiring FeLV (e.g. cats that are allowed 

free access outdoors), but because vaccine efficacy is 
Some commercial laboratories (e.g. Axiom known to be less than loo%, it is important that a 

vaccinated cat is not deliberately exposedtothevirus. 
Figure 8.38: Some dragnostrc rests for f e h e  leuhemra virus Furthemore, a current vaccination ceaificate should 
(FeLVJ m the United Kingdom. 
ELISA, enzyme-l~nked rmmunosorbenr assay, FIV, fellne 

not he taken in lieu of a negative FeLV blood test 

rmmunodeficrency vrrus. when screening cats before admission to a cattery. 
The use of vaccines doesnot interfere with the routine 
diagnostic tests for FeLV. 

Figure 8.39: Various cornn~ercially available test kits for the 
diagnosis offeline leukaemia virus a ~ l d  feline 
immunodeficiency virus infections. 

A wide variety of anti-viral drugs and/or those that 
modify biological responses have been used in an 
attempt to reverse the viraemia in FeLV-infected cats 
(reviewed by Rojko and Hardy, 1994). Although some 
of these agents have apparently been of benefit in 
individual cases, overall the response is poor, and 
currently no specific agent or combination of agents 
can be recommended. 

Theuse of corticosteroids may have some rationale 
in cases of immune-mediated haemolytic anaemia, 
andcorticosteroids may also havea beneficial effect in 
cases of cyclicneutropenia (perhaps through release of 

FELINE IMMUNODEFICIENCY VIRUS 
(FIIv) 

Epidemiology of FIV 
As with FeLV infection. the source of FIV is a cat - -  

persistently infected with this virus. LikeFeLV, FIV is 
a labile virus, which is secreted inthe saliva of infected 
cats. In contrast to FeLV, however, the normal mu- 
cosalbarrierprovidesarelatively strong defenceagainst 
penetration by FIV, thus direct inoculation of the virus 
by biting is the majorroute of transmission. Theriskof 
transmission by social contact is much lower than with 
FeLV, and although vertical transmission and trans- 
mission via milk has been shown with FIV, this is 
probably not epidemiologically important. 

The fact that biting is the major route of transmis- 
sion explains why FW infection is much more com- 
mon in male cats, free-roaming cats and non-pedigree 
cats. The age distribution of FIV infection also differs 
from FeLV, infection being uncommon in young cats 
(less than one year old), but the prevalence increases 
withage to reacha peakin the 6- 10-year-old age group 
(Hosie et al., 1989). Importantly, once a cat has been 
infected withF'IV it will remain infected permanently. 
The normal immune response is unable to eliminate 
the virus from the body. 
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FIV is endemic in cat populations throughout the 
world. Typically, in the general cat population the 
prevalence of FIV in the United Kingdom and North 
America is 1-6% (Hopper etal., 1994), but the overall 
prevale~~ce of infection depends on lnany factors, in- 
cludil~g the lifestyle of the cats studied atid their 
population density. 

Pathogenesis of FIV infection 
After infection, FIV has bee11 shown to have a tropism 
for both CD4' and CDS' T lymphocytes as well as 
macrophages and astrocytes, with cellular infection 
and integratioli of proviral DNA occurring in a similar 
way to FeLV infection. Noticeable viraelnia is present 
during the first 2-4 weeks after infection, but coinci- 
dental with the develop~nent of an antibody response, 
the viraemia declines to low levels for Inany months to 
years until the terminal stages of disease. 

After initial exposure to the virus, most FIV- 
infected cats exhibit a prolonged asymptomatic 
period, typically lasting 2-5 years, but during this time 
there is progressive impairment of the i~nrnune system. 
Although replication of the virus occurs at only a low 
level during most stages of infection, FIV can never- 
theless be recovered from Inany sources, including 
circulating lymphocytes, lymph nodes, spleen, bone 
marrow, saliva, brainandcerebrospinalfluid. Adeple- 
tion of CD4' T lymphocytes al~d an inverted CD4+/ 
CD8' T-cell ratio are characteristic early filldings in 
FIV-infected cats, and these changes continue to 
progress with time (Novotney et nl., 1990; Barlough er 
al., 1991). As early as 6 months after infection, im- 
paired T-cell responses call be detected, and eventually 
the i~nmunodeficiency caused by FIV leads to the 
development of clinical signs, often related to recur- 
rent seconda~y or opportunistic infections. 

It is clear that there are many different strains of 
FIV, and this is one factor that may determine the 
cli~~ical effect of infection, the rapidity with which 
lymphocyte subset changes occur and duration of the 
asy~nptomatic period. Other factors ]nay also be i n -  
portant to the developme~~t of disease, such as the age 
of the cat at the time of infection, exposure dose, route 
of infection and potential exposure to other pathogens. 

Diseases associated with FIV infection 
Infection with FIV is a significant cause of disease in 
cats, and it has bee11 sliowu that the prevalence of 
infection among cats showing cli~~ical signs compat- 
ible with an immunodeficiency syl~drome (i.e. cats 
with chronic or recurrent disease) is typically 15-20% 
(Hopper et nl., 1994). 

Based on the staging system used to classify 
humans infected with human immunodeficiency virus 
(HIV), a five-point clinical staging of FIV-infected 
cats has been proposed, although the validity of this 
needs to be established. Experimentally, a distinct 
acute phase is seen around 4 weeks after infection, 

characterized by pyrexia of several days to weeks 
duration, neutropenia and generalized lymphadeno- 
pathy (lasting up to 9 months). The l~eutropenia may 
lead to the developme~~t of secondary infections, but 
fatalities in this stage are rare. 

After acute infection, cats enter an asyniptomatic 
stage which, as already noted, is of variable duration 
but generally lasts several years. Although asympto- 
matic, the cat has a progressively impaired illilnune 
system, which ultimately leads o t ~  to symptomatic 
FIV infection. 

Many cats are presented for treatment or investiga- 
tion during the feline equivalent of the HIV-associated 
persistent generalized lymphadenopathy (PGL) or 
AIDS-related complex (ARC) stages of the disease. 
The signs that develop have frequently been likened to 
the non-neoplastic (immunosuppressive) findings that 
occur in association with FeLV infection. The most 
comlnon presenting signs are persistent or recurrent 
diseases of the oral cavity, respiratory tract and 
gastroitltesti~ial tract. Non-specific signs such as leth- 
argy, malaise, weight loss, lymphadenopathy and 
pyrexia are also common. Oral cavity diseases are 
encou~~teredparticularly frequently and includecl~o~~ic 
gingivitis and stomatitis and periodontitis of varying 
severity. Some cats develop neurological signs or 
neoplasia as a col~seque~~ce of their FIV infection, a ~ ~ d  
as the disease progresses it is colnlnon to find ~nultiple 
clinical signs in an infected individual. 

In the terminal stages of FIV, an AIDS-like syn- 
drome may be identified, but its classification lacks the 
clarity of that in HIV infection. Features co~lsistent 
with this stage of the disease would include profound 
(greater than 20%) weight loss, multiple opportunistic 
infectio~is (e.g. cryptococcosis, toxoplasmosis, pox- 
virus and mycobacteriosis), anaemia and leucopenia. 

Specific hae~llatological changes associated 
with FIV infection 

Pri~nary infection 
Neutropenia with or without concolnitant leucopenia 
is a colnmol~ feature of the primary stage of FIV 
infection. Although many cats may pass through this 
stage with little or no overt clil~ical signs, a small 
proportion ]nay develop significant disease, including 
secondary infections due to the neutropenia. As with 
FeLV, testing for FIV is advisable in any cat that 
presents with neutropenia. 

Haematological changes are comlnonly seen in 
associatio~~ with the later stages of FIV infection and 
these are colnparable to the changes ellcountered in 
HIV-infected humans. 

Anaemia 
Anaemia is frequently foul~d in the later (symptomatic) 
stages of FIV infection, and studies of naturally occur- 
ring diseasesuggest a prevalenceof anaemia of between 
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15% and 40% in these infected cats. As with FeLV 
infection, FN-induced immunosuppression will pre- 
dispose cats to secondary H. felis infection, and it is 
important to consider this organismas apotentialunder- 
lying cause of, or contributory factor to, anaemia. Both 
regenerative and non-regenerative anaemias are en- 
countered in FIV-infected cats and, with the latter, 
bone marrow aspirates are indicated to rule out myelo- 
proliferative disordets or myelodysplasia. Thrombo- 
cytopenia is occasionally seen in FIV-infected cats. 

Lymphopenia and neutropenia 
Lymphopenia has been reported in 30-55% of FIV- 
infected cats, andneutropenia in 5-35 %.Both of these 
may contribute to a leucopenia that has been reported 
in 5-30% of infected cats. Along with FeLV, FIV 
should be consideredaprimaty cause of neutropenia in 
the cat, although the pathogenesis of this and other 
cytopenias in FIV is poorly understood. A reversible 
neutropenia has been reported in six of seven FIV- 
infected cats that were treated with griseofulvin, and 
this bears similarity to the observation of antibiotic- 
associated neutropenias in HIV-infected humans, 
although again the precise pathogenesis of these 
changes is unclear. 

The lymphopenia in FIV infection is frequently 
profound, andalthough thestressof concurrent disease 
may be partly responsible for this change, the selective 
depletion of CD4' T cells will also contribute to this 
finding. From studies of FIV-infected cats, and by 
analogy with HIV infection, other factors likely to be 
involved in the pathogenesis ofthe various cytopenias 
include F N  infection of bone marrow stem cells and 
accessory cells, viraemia and/or viral proteins inhibit- 
ing haematopoiesis, an imbalance of bone marrow T 
cells, an alteration in T-cell cytokine profiles, which 
affect haematopoiesis and triggering of immuue- 
mediated mechanisms. 

'Normal' leucocyte responses 
As with FeLV-induced immunosuppression, depend- 
ing on the stage of disease, many FnT-infected cats that 
have concurrent or secondary infections will still elicit 
an overtly appropriate haematological response. Thus 
studies have shown leucocytosis, neutrophilia and a 
left shift as common findings in FIV-infected indi- 
viduals, often in association with an obvious purulent 
or inflammatory disease process. 

Haematological changes in terminal disease 
Although it can be difficult to accurately clinically 
stage anFIV-infected cat, there is evidence that those 
cats with more advanced disease and those that are 
entering the terminal stages of disease are much more 
likely to have severe and multiple cytopenias present 
on haematological examination (Sparkes et al., 1993). 
Results of routine haematology may therefore have 
some prognostic value for the individual, although it is 

important to interpret these findings in light of the 
clinical picture. 

Lymphoprolierative and myeloproliferative 
disorders 
There is clear evidence that F N  infection predisposes 
cats to the development of lymphoproliferative and 
myeloproliferative disorders, although it is not yet 
certain whether FIV is directly oncogenic or acts as a 
facilitator through disruption of the normal immune 
surveillance that would eliminate neoplastic cells. Al- 
though much less common than FeLV as a cause of 
these disorders, a similar range of haematological 
changes can occur. 

Diagnosis of FIV infection 
Unlike the diagnosis of FeLV, there is too little FIV- 
derived antigen present in plasma to be detected using 
currently available technologies. As FIV infections are 
persistent, routine diagnosis can be based on detection 
of circulating antibodies to the virus, which is gener- 
ally reliable. Figure 8.40 lists the tests currently avail- 
able in the United Kingdom, and some of these are 
shown in Figure 8.39. 

Membrane ELISA 
Snap FeLV/FIV (Idexx) 
Rapid immunogold migration 
Witness FTV (Mkrial) 
SpeedCat Duo (Vetlab Supplies) 
Immunoflnorescence 

Polymerase chain reaction (PCR) to identify 

Figure 8.40: Diagnostic tests for feline immunodeficiency 
virus (FIV) in the United Kingdom. 
ELISA, enzyme-linked immunosorbent assay. 

As with FeLV diagnosis, several 'in-house' diag- 
nostic kits are available for-flie rapid detection of FIV 
antibodies, and the newer 'Snap' (Idexx) and 'Wit- 
ness' (Merial) kits have done much to minimize the 
danger of technical error when performing these tests. 
Even when technical error is eliminated, false positive 
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and false negative results are more of a concern with 
FIV than FeLV testing. In a cat showing clinical signs 
compatible with FIV infection, and perhaps with 
clinicopathological changes consistent with FIV, a 
positive resultfromacorrectly performed test is highly 
likely to be reliable. However, an as yet undetermined 
proportion of FIV-infected cats (possibly as high as 
10-15%) are seronegative on conventional testing. 
The reasons for this are unclear, but may include 
individual variation in the response to FIV infection. A 
terminal decline in antibody concentrations is seen in 
HIV infection, but there is little evidence that this is an 
important factor in FIV-infected cats that are sero- 
negative. There is currently no easy solution to the 
concern of cats suspected of having FIV infection that 
test seronegative. One approach is to repeat the sero- 
logical testat2-61nonthly illtervalsand, as many of the 
rapid immutlodiagnostic kits rely on detection of anti- 
bodies toasingleviral protein, theuseof a differenttest 
methodology looking for antibodies to alternative or 
multiple antigens (e.g. western blotting or immuno- 
fluorescence) may have some merit in these cases. 

Detection of integrated proviral DNA by the 
polymerase chain reaction (PCR) is now available as a 
commercial diagnostic assay for FIV infection. This is 
potentially an extremely sensitive test and may be 
particularly useful incases ofsuspectedFIVi~lfections 
that are seronegative by conventional tests. However, 
PCR is a relatively expensive test and requires strin- 
gent quality control to ensure reliability of test results, 
thus making it unsuitable for routine diagnostic use at 
this time. Additiotlally, to date there have been no 
published studies critically assessing the reliability of 
PCR for diagnosis of clinical FIV infection. 

Treatment of FIV infection 
As withFeLV, treatment of FIV-infected cats is largely 
symptomatic and supportive, although again efforts 
should be made to identify specific secondary or oppor- 
tunistic infections that can be appropriately treated. 
Specific treatment for haematological abnormalities is 
notfeasible, butconsiderationofco~~cu~~ent drng therapy 
andthe possibility of drug-associatedsideeffectsshould 
be considered when faced with an FIV-infected cat that 
is neutropenic. The reverse transcriptase inhibitor 
zidovudine (AZT) at a dose of 5 mglkg twice daily has 
shown some efficacy in the clinical management of 
FIV-infected cats, although its myelosuppressive activ- 
ity, and in particular the induction of anaemia, may 
preclilde its long-tenn continual use. 

Control of FIV 
As no vaccine is available for FIV, control of this 
disease relies on detection of infected cats and then 
ensuring they are managed in such a way that they are 
unlikely to transmit infection. This may involve the 
neutering of entire cats, and confining cats to prevent 
them wandering. Specific aspects of the control of FIV 
have been outlined by Hopper et nl. (1994). 
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CHAPTER NINE 

Overview of Haemostasis 

Mary F: McCoiznell 

INTRODUCTION 

Blood is essential for the transport of oxygen and 
nutrients to the tissues and the return of carbon dioxide 
and waste products from the tissues. Haelnostasis is the 
maintenance of vascular integrity and blood fluidity 
that is necessary for the normal function of blood. 
When a blood vessel is injured, blood loss must be 
minimized by the rapid formation of a clot at thesite of 
injury. This is achieved by the formation of a platelet 
plug over the injury site (primary haemostasis) and the 
stabilization of this plug by a mesh of fibrin formed in 
the coagulation cascade (secondary haemostasis). It is 
equally important that the clot dissolves oncethe blood 
vessel is repaired, re-establishing normal blood flow. 
There is a constant delicate balance between clot 
formation and clot dissolution (fibrinolysis), which 
may be disturbed in either direction in a range of 
pathological conditions. 

PRIMARY HAEMOSTASIS 

Primary haemostasis is the interaction between plate- 
lets and damaged vascular endothelium to form a 
platelet plug at the site of injury (Hawiger, 1990). In 
capillaries and venules, this initial platelet plug com- 
bined with vasoconstriction may provide adequate 
haemostasis. In vessels where flow and pressure are 
greater, it is essential to stabilize this plug with at1 
overlying mesh of insoluble fibrin formed by the 
process of secondary haemostasis. 

Components required for primary 
haemostasis 

Endotheliu~n 
The vascular system is lined by endothelial cells, which 
sit on a basement membrane that separates the endothe- 
lial cells from the subendothelial tissues. The subendo- 
thelial tissuescontainavariety ofcomponentsincluding 
collagen, fibroblasts, elastic fibres and smooth muscle. 
Platelets do not adhere to intact healthy endothelium. 
Ligands such as collagen and von Willebrand factor, 
which are involved in platelet adhesion to endothelium, 

are sequestered within the subendothelium. Intact 
endothelial cellssecreteantitl~rombotic substancessuch 
as prostacyclin, which is a vasodilator and platelet 
inhibitor. Platelets are also repelled by the ~~egatively 
charged surface of the intact endothelial cell barrier. 

von Willebrand factor 
von Willebrand factor (vWf) is a large protein synthe- 
sized by endothelial cells, which has two major func- 
tions (Ruggeri and Ware, 1992). It is necessary for 
platelet adhesion at sites of vascular damage, and it 
functions as a carrier molecule for factor VIII in the 
circulation. It consists of multiple subunits, with both 
smaller and larger multiple-subunit forms being syn- 
thesized. The larger moleculesare themost effectiveat 
binding toplatelets alldare preferentially storedwithin 
the endothelial cells until released in response to a 
variety ofstimuli, il~cluding thrombinandfibrin. Some 
vWf is also constantly released into the plasma and the 
subendothelial tissues. A small amount of vWf is 
synthesizedby megakaryocytesandstoredwithinplate- 
let granules. 

Platelets 
Mammalian platelets are small anucleate cells 2-4 pm 
in diameter derived from megakaryocytes in the bone 
marrow. They have a plasma membrane that contains 
numerous types of receptors, a cytoskeleton and con- 
tractile proteins that allow them to change shape and 
various types of granules, some of which can release 
their contents when platelets are activated. The dense 
granules contain cations, nucleotides and amines, 
whereas the a-granules contain numerous proteins, 
including fibrinogen, vWf and factors that promote 
vascular repair. 

Mechanisn~ and control of primary 
haemostasis 
When a blood vessel is damaged, the endothelial cell 
barrier is broken and the. subendothelial tissue is 
exposed (Figure9.1). This results ina localizeddecrease 
in the factors that normally prevent platelet adhesion, 
as well as exposure of the platelets to subendothelial 
substances such as collagen, wbich promote platelet 
adhesion. Simultaneously, there is localized vasocon- 
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Fibrinogen Platelet (inactive) vWf 

vWf Subendothelial collagen fibrils 

mtw- 
Basement membrane 

Activated platelets undergoing shape change, releasing the contents of 
their granules and forming fibrinogen-mediated platelet-to-platelet bridges 

Platelets adhering to vWf and exposed 
subendotheliil collagen fibrils 

I - - 
Primary platelet plug formed by platelets adhered to vWf and subendothelial 

(4 collagen plus fibrinogen-mediated platelet-to-platelet bridging 

1 (dl Platelet plug stabilized by the fibrin mesh formed in secondary haemostasis 

I 

Figure 9.1: (a) Intact endothehum and componenrs of primary hoemostasis. lb) Initial resuonse of ulatelets to vascular damape . . 
und expu.surr. 111 .suhrndorkrlial n , l l ugu ,~ f i h r~~  nnd irri  ~illrhru,rd/hcror ("115. (L., ~ecrirrnrrnr ~ , / p l a t ~ k ~ t s  ru rhc  roving 
plaruler plag m rrspvnve ro agu~lisrv rrlro.srd from the p lar~~lr r  ~ r ~ r r ~ a l ~ . ~  aud rhp x w r r i ~ r r o ~ ~  irirhmmhirz in ~prondun 
haemostasis. (d) Stabilimnon of rhe plarektplug by thefibrm mesh formed in s&ondary haemostasn. 
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striction, which reduces the rate of blood flow. Platelets 
adhere to the subendothelial collagen via a specific 
plasma membrane receptor, and the binding of collagen 
to this receptor signals a message to the platelets that 
results in a series of events called platelet activation. 
Activated platelets change shape from smooth and 
discoid to round with numerous projecting pseudopods, 
which greatly increase platelet surface area. Activation 
exposes fibrinogen receptors on the platelet membrane 
and allows fibrinogen-mediated platelet-to-platelet 
aggregation. The contents of the dense and a-granules 
are released locally and help to recruit further platelets 
to the site of injury, where they bind to the platelets 
already bound to the subendothelium. The exposure of 
the subendothelial tissues also results in a conforma- 
tional change in vWf that allows platelets to recognize 
and bind vWf, resulting in further adherence of platelets 
to the subendothelium as well as promoting further 
platelet activation. The primary haemostatic platelet 
plug over the site of vessel injury is formed by the 
combination of platelets adhered to the subendothelium 
and platelets aggregated to each other. 

SECONDARY HAEMOSTASIS 

Secondary haemostasis is the process of blood coagula- 
tion ( ~ a k ,  1999). Central to coagulatioi~ is the genera- 
tion of thrombin, which converts soluble fibrinogen to 
insoluble fibrin. The fibrin is then crosslinkedandforms 
a mesh, wluch stabilizes the platelet plug formed in 
primary haemostasis. Thrombin formation is the prod- 
uct of a cascade of enzymatic reactions initiated by 
tissuetrauma and releaseoftissue factor. Inthis cascade, 
each coagulation factor is converted to its active form, 
which is then able to catalyse the next step in the cascade. 

Traditionally, the coagulation cascade has been 
divided into the extrinsic, intrinsic and common path- 
ways, with the intrinsic system initiated by contact 
activation and the extrinsic system initiated by the inter- 
action of tissue factor and activated factor (F) VII. These 
hvo paths convergeinto thecommon pathway at thepoint 
where F X is activated. The lines between the extrinsic 
and intrinsic pathways have blurred as knowledge has 
increased, but the terms are used widely and are useful in 
the interpretation of invitro coagulation tests in which the 
reactions may differ slightly from the coagulation 
cascade invivo becauseof theconditions under wluchthe 
assays are run. It is now h o w n  that the. extrinsic tissue 
factor pathway is the primary pathway in the initiationof 
the blood coagulation cascade in vivo and that intrinsic 
activation is more important in sustaining the process. 

two major enzyme-cofactor complexes (tenase and 
prothrombinase) formed during coagulation (Zwaal 
and Schroit, 1997). In resting platelets, the negatively 
charged membrane phospholipids are located on the 
inner leaflet of the lipid bilayer of the plasma mem- 
brane. When platelets are activated in primary hae- 
mostasis, these negatively charged phospholipids 
translocate to the outer surface of the platelet mem- 
braue where they are exposed to the circulating coagu- 
lation factors. The anchoring of the tenase and 
prothrombinase co~nplexes to the platelets in the plate- 
let plug also serves to localize the coagulation cascade 
and thrombin generation to the site of injury. 

Ionized calciun~ (Ca") 
Ionized calcium (Ca") is essential for the formation and 
function of the tenase and protluombinase complexes. 

Tissue factor 
Tissue factor is a glycoprotein that is part of the plasma 
membrane of a variety of cells, including subendothe- 
lial fibroblasts. Tissue factor is not normally present in 
the circulation or expressed on cell surfaces, but when 
subendothelial cells are damaged or activated, tissue 
factor is expressed and exposed to the circulating 
coagulation factors. 

Contact activation factors 
Traditionally, the contact activation factors (F XII, 
prekallikrein and high molecular weight kininogen) 
were thought to initiate the intrinsic branch of the 
coagulation pathway, but although the contact factors 
areimportant inin vitroclotting tests theirsignificance 
in in vivo coagulation is doubtful, as deficiencies in 
these three contact factors are not associated with 
clinical bleeding disorders. They are included here 
because of their role in in vitro tests of coagulation. In 
the activated partial thromboplastin time (APTT), a 
surface activator is used to activate these contact 
factors, resulting in sequential activation of factors XI, 
IX, X and I1 (prothrombin) and fibrinogen. 

These three plasma proteins may bind to nega- 
tively chargedsurfaces or molecular complexes where 
they interact to initiate a range of responses (Kaplan 
et nL., 1997). Central to contact activation is the 
conversion of F XI1 to its active form, F XIIa. F XI1 
is synthesized in the liver and circulates in the blood 
until it binds to aninitiating surface and autoactivates 
to F XIIa. The initiating surface seems to be a nega- 
tively charged surface, most likely subendothelial 
basement membrane exposed during vascular injury. 
F XIIa is able to initiate the intrinsic coa~ulation - 

Components required for secondary pathway by converting F XI to F XIa. F XIIa also 

haemostasis converts prekallikrein to kallikrein, which then con- 
verts high molecular weight kiuinogen to the inflam- 

Negatively charged phospholipid.surface matory mediatorbradykinin. Invivothe contact factors 
Activated platelets provide the negatively charged are more important in the initiation of inflammation 
phospholipidsurface that is essential for anchoring the and fibrinolysis than in coagulation. 

www.vet4arab.co.cc



168 Manual of Canine and Feline Hae~natology and TI :ansfi~sion Medicine 

F XI 
FXI is synthesized by tlie liver and may be considered 
one of the contact factors. Unlike the other contact 
factors (F XII, prekallikreiii and high molecularweiglit 
kininogen), its deficiency leads to a bleeding disorder. 
AlthoughFXIcanbeactivated by FXIIa,it isactivated 
much more efficiently by thrombin in a positive feed- 
back system and is more important in sustaining than 
initiating tlie coagulation cascade. 

The vitamin K-dependent coagulation factors 
The vitamin K-dependent clotting factors (factors I1 
(prothrombin), VII, IX andX) are enzymes synthesized 
by the liver as inactive precursors (proenzymes), which 
are activated in the process of coagulation. They are 
oftenreferredtoasserilieproteases because they belong 
to a group of enzymes that has a reactive serine at the 
active site. During synthesis, they undergo a vitamin 
K-dependent modification in whichy-carboxyglutamate 
is added to the protein. The y-carboxyglutamate is 
negatively charged and able to bind strongly to Ca", 
resulting in the formation of Ca"-coagulation factor 
complexes that bind to the negatively charged phos- 
pholipid surface of activated platelets. F VII is different 
to tlie other cloning factors in that it is poorly inhibited 
by the major natural anticoagulant, antithro~nbili LU 
(ATIII) and 1-2% of tlie total F VII circulates as F VIIa 
(Morrisey et al., 1993). This F VIIa is available to 
initiate coagnlatio~i in response to endothelial damage 
and release of tissue factor 

Cofactors F VIII and F V 
Factors V and VIII are synthesized by the liver and 
function as non-enzymatic protein cofactors in coagu- 
lation. Once activated by thrombin or F Xa, they 
greatly increase the reaction rates of the tenase (F 
VIIIa) and prothrombinase (F Va) complexes. 

Fibrinogen 
Fibrinogen is a large plasma protein synthesized by tlie 
liver. It co~isists of two identical halves, each of which 
has three polypeptide chains (Aa, BP and y) wound 
around each other to form a linear molecule. The 
amino ends of the Aa and BP chains are called 
fibrinopeptides A and B respectively. These 
fibrillopeptides are highly negatively charged and this 
keeps the fibri~iogen ~nolecules apart, preventing spon- 
taneous aggregation within the circulation. Thrombin 
produced in the coagulatioti cascade cleaves the 
negatively charged fibrinopeptides A and B from the 
fibrinogen molecule to form fibrin monomers, which 
then spontaneously aggregate to form fibrin. 

- ----- 

F XI11 is synthesized by the liver as an inactive precur- 
sor, whichis activated by thrombintoFXIIIaatthesite 
of clot formation. F X I I I ~  catalyses the formation of 
stable crosslinks between fibrin monomers. 

Mechanism of secondary haenlostasis 
Secondary liaemostasis is initiated by the same cir- 
cumstances that initiate primary haemostasis 
(Figure 9.2). Tissue trauma results in exposure of the 
subendothelial tissues, with the primary initiating 
factor in secondary Iiaetnostasis being the exposure 
of tissue factor to the proteins of the blood coagula- 
tion system. Tissue factor initially combines with 
the small amount of pre-existing circulatilig F VIIa 
to form F VIIa-tissue factor complex that directly 
activates F X. The process is amplified as more 
F VII is activated by F Xa and by autoactivation, 
allowing the formation of more F VIIa-tissue factor 
complex. The function of tissue factor is to act 
as a regulatory protein, which greatly increases 
(greater than lo7 times) the rate at wliich F VIIa 
autoactivates and activates factors IX and X. 
Although the F VIIa-tissue factor co~nplex activates 
both factors IX and X, this does not mean that the 
activation of F X via F IXa and tlie teliase enzyme 
complex is redundant. Once a small amount of 
F Xa has been generated by direct activation of 
F X by the F VIIa-tissue factor complex, the F Xa 
~nolecnle cooperates with the F VIIa-tissue factor 
colnplex resulting in preferred formation of F Xa 
via F IXa and the tenase complex. 

The tenase complex consists of F VIIIa interact- 
ing with Ca" and F IXa on tlie negatively charged 
surface provided by activated platelets. This anchors 
and localizes the tenase complex to thesite of damage 
and allows tenase to activate F X to F Xa. F VIII is 
activated by F Xa and by thrombin in a positive 
feedback loop. 

The prothrombinase complex is formed by 
F Xa with Ca" and activated F V. This is bound on 
the negatively charged platelet membrane in a 
similar fashion to the tenase complex. F V is 
activated by thrombin and F Xa and is then able to 
bind and localize prothrombin (F 11) to the site, as 
well as greatly increase tlie rate at which F Xa 
converts prothrombin to thrombin (F IIa). The gen- 
eration of thrombin is central to normal haemostasis, 
and even minute amounts of thrombin result in 
massive amplification of tlie coagulation cascade 
via the thrombin-mediated feedback activation of 
factors V, VIII and XI. Thrombin is a potent platelet 
ago~iist and is important in the continued formation 
of tlie platelet plug in primary haemostasis. Thrombin 
rapidly converts fibrinogen into fibrin monomers 
and activates F XIII, which then crosslinks the 
fibrin monomers such that both end-to-end and 
side-to-side crosslinks are formed. All of the events 
of secondary haemostasis take place on the surface 
of the primary platelet plug, and the crossliliked 
fibrin mesh results in a firm fibrin plug that is 
much stronger than tlie primary platelet plug and 
resistant to proteolytic degradation by thefibrinolytic 
enzyme, plasmin. 

www.vet4arab.co.cc



Overview of Haemostasis 169 

Vascular damage and exposure of the subendothelial tissues 

/ Contact activation by factors ma, 
kallikreii and bradykinin 

(of doubtful significance in in vivo 
Pre-existing 

~11,--* W,-Tissue Factor Vna 
secondary haemostas~s) 

'. 

Prothrombin 

, . , . - Thrombin *;': ....., 

Fibrinogen i Soluble fibrin : i us: . monomers 

Platelet activation 
i 

and aggregation i bLm 
Cross-lied 

fibrin clot 

Pathway of major importance in secondary haemostasis 
.......-..+ Positive feedback pathway -.-. + L i d  with primary haemostasis 

Significant in in vitro inhinsic system clotting tests 

qigure 9.2: Outline of the events m secondary haemostans. F, factor, Ca", calctum 
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INHIBITORS OF COAGULATION 

Blood clotting is terminated by two types of reactions. 
Constitutive inhibition is the constant baseline inhi- 
bition of coagulation that controls inappropriate acti- 
vation of the clotting cascade. The second group of 
reactions are the termination reactions initiated by the 
clotting process. In addition to the biochemical control 
of coagulation, active clotting factors are rapidly di- 
luted as the blood flows away from the site of injury, 
helping to limit the reaction to the local area. 

Antithrombin III (ATIII) 
Antithrombin ID (ATIE) is the most important consti- 
tutive inhibitor of coagulation. This glycoprotein is a 
potent inhibitor of thrombin and factors IXa, Xa and 
XIa but is a poor inhibitor of F VIIa. The anticoagulant 
activity of circulating ATDl is greatly enhanced by 
binding to the beparan sulphate polymers that are 
located on cell surfaces. In normal haemostasis, the 
ATIII bound to endothelial cell heparan sulphate par- 
ticipates in controlling the coagulation process at the 
periphery of the site of vascular injury. 

Tissue factor pathway inhibitor 
Tissue factor pathway inhibitor (TFPI, extrinsic patb- 
way inhibitor) is bound to endothelialcell surfaces and 
is also releasedin small amounts from activated plate- 
lets. It inhibits both the F VIIa-tissue factor complex 
and F Xa by forming a Caw-stabilized complex be- 
tween tissue factor, F VIIaand F Xa. 

Proteins C and S 
Proteins C and S are vitamin K-dependent anticoagu- 
lant plasma proteins that circulate in the plasma as 
inactive precursors. Endothelial cells have surface 
receptorscalledthrombomodulin, whichbindthrombin. 
When thrombin generated in the coagulation cascade 
binds to thrombomodulii on the surrounding intact 
endothelial cells, the bound thrombin loses its 
procoagulant activity. Instead, it becomes a potent 
activatqr of the anticoagulant protein C. The complex 
of activatedprotein C with protein S as a cofactor, Caw 
and a negatively charged phospholipid surface is a 
potent inactivator of factors Va and VIIIa, therefore 
inhibiting the tenase and prothrombinase complexes. 
Activation of protein C by thrombin-thrombomodulin 
is proportional to the amount of thrombin present and 
the extent of the coagulation response. The activated 
protein C-protein S complexaIso initiates fibrinolysis. 

The final stage in haemostasis is the repair of the 
vascular damage and lysis of the fibrin clot to re- 
establish vascular patency and normal blood flow 
marayanan, 1998) (Figure 9.3). Fibrinolysis is medi- 
ated by the proteolytic enzyme, plasmin. This is syn- 
thesized by the liver and circulates an as inactive 
precursor, plasminogen. Once plasminogen is acti- 
vated to plasmin, it degrades crosslinked fibrin within 
a clot to release crosslinked fibrin degradation prod- 
ucts, including the crosslinked fragment D-dimer. 

Fibrinogen mombin ,Soluble fibrin 
monomers It=--- .- - - - 

Fragment D '.. = 
Fragment E i 

-a. 

'I, .. 
.'I 

---) Fibrinolysis 
 positive feedback pathway 
-Secondary haemostasis 

Figure 9.3: 
Outline of the 
events in 
jibrinolysis. F, 
factor; ?PA, tissue- 
type plasminogen 
acrivalor; uPA, 
urokinase-type 
plasminogen 
activator. 
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The most potent activators of plasminogen 
are tissue-type plastninogen activator (tPA) and 
urokinase-type plasminogen activator (uPA). Vascu- 
lar endothelial cells synthesize and release tPA in 
response to a wide range of stimuli, including brady- 
kinin from contact activation and catecholamines. 
Released tPA initially binds fibrin, which localizes 
the tPA to the site of thrombus formation. Only then 
is tPA able to bind plasminogen and activate it 
to plasmin. The half-life of tPA is short (about 5 
minutes), and tPA is rapidly removed by the liver. 
The uPA is secreted primarily by the kidneys as 
an inactive precursor. It is activated by the contact 
factors kallikrein, high molecular weight kininogen 
andFXIIas well as by plasmin, andseems to function 
primarily within urine and tissues. F XIIa also acti- 
vates plasminogen, either directly or via activation 
of F XI and prekallikrein. The kallikrein then acti- 
vates high molecular weight kininogen, which also 
converts plasminogen to plasmin. 

Fibriliolysis is controlled by specific inhibitors 
present in the plasma that inactivate plasmin and 
the plasminogen activators. Plasmin is inhibited by 

antiplasmin and a, macroglobulin. Plasminogen- 
activator inhibitor I (PAI-I), secreted by endothelial 
cells, hepatocytes and platelets, is the most important 
inhibitor of tPAanduPA. Almost all circulating tPA is 
bound to PAI-1, and only the tPA captured by fibrin is 
able to activate plasminogen. 
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CONCLUSION 

Haelnostasis is a delicate balance between fonnation 
of a primary platelet plug at the site of vascular injury, 
stabilization of the platelet plug by the formation of a 
fibrin mesh, repair of the injury and re-establishtnent 
of normal vascular patency by fibrinolysis. There are 
numerous points at which both primary and secondary 
haemostasisarealnplified to gelleratearapidresponse. 
The process is localized to the site of injury, and 
control mechanisms ensure that the process does not 
extend beyond this area. 
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CHAPTER TEN 

Haemostatic Diagnostic Techniques 

Mary l? McColzrzell 

INTRODUCTION 

Adequate haemostasis depends on: 

. Normal structure and function of the blood 
vascular system . Adequate platelet numbers and normal platelet 
function 
An adequate coagulation system 
Stability of the resultant clot. 

The first and last of these are rarely recognized as 
significant causes of haemorrhage in veterinary medi- 
cine. However, haemorrhage secondary to eitherquan- 
titative and qualitative platelet defects, or defects in the 
coagulation system, are relatively common problems. 
Although the importance of a detailed history and a 
thorough clinical examination cannot be overempha- 
sized, laboratory screening tests are necessary to esta- 
blish the presence or absence of most haemostatic 
disorders. Screening tests are used to evaluate the 
overallactivity ofthehaemostaticmeclia~iism, whereas 
identifying problems with coagulation factors such as 
factor VIII deficiency (haemophilia A) requires the 
use of specific tests. Laboratory screening tests are 
invaluable in the investigation of suspected haemo- 
static disorders, but their lilnitations lnust be under- 
stood. Whereas some screening tests can be performed 
in the practice laboratory, many must be sent to a 
specialist veterinary diagnostic laboratory. Simple 
screening tests may not besensitive enough to identify 
mild haemostatic disordersand, conversely, deficiency 
of some clotting factors (e.g. prekallikrein, factor XII) 
may produce abnormal screening test results although 
the animal is clinically normal. However, screening 
tests performed 011 samples that have been appropri- 
ately collected and processed will provide much useful 
illformation if interpreted in conjunction with the his- 
tory and results of the clinical examination. 

SUBMISSION OF SAMPLES TO THE 
LABORATORY 

The correct collection, storage and processing of blood 
samples for haemostatic testing is critical if meaning- 

ful results are to he obtained. A clean venepuncture is 
essential to minimize the introduction of tissue factor 
into thesample as thismay result in misleading results 
due to activation of clotting factors and/or platelets. 
Excessive turbulence during collectio~i and handling, 
or prolonged exposure to extreme temperatures, will 
cause hae~nolysis and may affect the results, although 
this effect may not be clil~ically relevant (Moreno and 
Ginel, 1999). In general, samples that are clotted, 
collected in the incorrect anticoagulant or filled to less 
than 90% of the correct capacity of the collection tube 
are unsuitable for haemostatic screening tests. The 
exact requirements may differ between laboratories, 
and it is advisable to discuss these with the relevant 
laboratory beforehand. This chapter discusses the spe- 
cific requirements for sample collection for each test. 

TESTS OF PRIMARY HAEMOSTASIS 

In primary haemostasis, interactions between the vas- 
cular endothelium and platelets result in the formation 
of a primary haemostatic plug, which provides atem- 
porary seal over tlie injured site in the blood vessel. 
Platelets adhere to subendothelial collage11 at the site 
of vascular injury via von Willebrand factor (vWf). 
This process activates platelets, resulting in the release 
of platelet granule contents, aggregation of platelets 
and the provision of a procoagulal~t surface on the 
platelets for the activation of coagulatio~i factors. Vas- 
cular defects, von Willebrand's disease (vWD) and 
either quantitative or qualitative platelet defects result 
in defective primary haemostasis. 

In-practice tests of primary haemostasis 

Buccal mucosal bleeding time 
The bleeding time is the time it takes for bleeding from 
a standardizedsuperficial incisionto cease. In animals, 
tlie buccal ~nucosal bleeding time (BMBT) is the most 
reliable method for measuring bleeding time. This is a 
useful presurgical screening test for ruling out defec- 
tive primary haemostasis in an a11ima1 with no current 
clinical evidence of bleeding. If the animal has either 
thrombocytopenia or clinical evidence of defective 
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primary haemostasis such as petechiation, caution 
must be exercised as it can be difficult to stop the 
bleeding in this location. Some experience with the 
technique in healthy animals is essential if meaningful 
and reproducible bleeding times are to be obtained. A 
technique for measuring the cuticle bleeding time has 
been described (Giles et al., 1982). This is sensitive to 
both coagulation defects as well as primary haemo- 
static defects, but anaesthesia is recommended and the 
end point may be more difficult to determine than with 
the BMBT. 

Method: The BMBT test is done with the animal held 
in lateral recumbency, with minimal physical restraint 
or light sedation. The upper lip is folded back and held 
in place by a gauze bandage; this must be tied tightly 
enough to impede the venous return from the lip and 
cause congestion (Figure 10.1). An incision is made in 
a non-vascular area of the mucosa with a spring-loaded 
cutting device (e.g. Simplate II, Organon Teknika, 
Cambridge, UP, Surgicutt, Oaho Diagnostic Sys- 
tems, High Wycombe, UK). The edge of filter, or 
blotting, paper is used to absorb the blood (the paper 
must be held away from the edges of the incision so as 
not to disturb the developing clot). The time from 
making the incision to the cessation of bleeding is 
recorded. 

Interpretation: The bleeding time ranges from 1.7 to 
4.2 minutes for healthy dogs (Jergens etal., 1987) and 
from 1.0 to 2.4 minutes for healthy cats (Parker et al., 
1988). These values may differ slightly depending on 
technique, andeachcliuiciansbould testthemethod on 
healthy animals before using the BMBT on animals 

with suspected bleeding disorders. Prolonged bleed- 
ing times are seen with vWD, thrombocytopenia and 
qualitative platelet defects. 

Estimation of platelet number and platelet 
moroholocv -" 
Platelet numbers can be semiquantitatively estimated 
onexaminationof stainedbloodsmears. Normalplate- 
lets appear as small (2-4 ym diameter, quarter to half 
the diameter of an erythrocyte) anncleate round to oval 
cells that stain faintly basophilic. Small reddish gran- 
ules may be visible in the centre, especially in platelets 
from cats, which are usually larger and more visible 
than those from dogs. 

Method: A blood smear from a sample collected in 
etbylenediamine tetra-acetic acid (EDTA) is stained 
with a Romanowsky stain such as Wright, Giemsa, 
Diff-QuikB or RapiDiffB and scanned under low 
power to determine the presence of any platelet 
clumps. If present, these are usually found in the 
feathered edge and along the sides of the smear and 
will result in falsely decreased platelet counts. The 
presence of platelet clumps does not necessarily 
mean that the platelet count is adequate (Grindem et 
al., 1991). Between the feathered edge and the base 
of the smear is the monolayer area where the cells 
are evenly distributed. This area is examined and 
the number of platelets in several oil immersion 
fields counted. 

Interpretation: Each platelet in an oil immersion lens 
field (1000 x total magnification) represents approxi- 
mately 15 x lo9 platelets/l. 
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. Norri~al: 11-25 platelets/oil immersion field is 
equivalent to an approximate platelet count of 
2165 x 109/1 . Mild tlzro~~zbocytope~zia; 6-10 platelets/oil 
immersion field is equivalent to an approximate 
platelet count of 90-150 x 109/l. This number of 
platelets provides adequate haemostasis . Moderate tlzrori~bocytope!~ia: 4-5 platelets/oil 
immersion field is equivalent to an approximate 
platelet count of 50-90 x 109/l. This number of 
platelets provides adequate haemostasis, 
although bleeding can be expected with platelet 
counts of 550 x 109/1 - Severe tl~ron~bocytope~zin; 5 3 platelets/oil 
immersion field is equal to an approximate 
platelet count of 4 0  x 109/l. Platelet counts of 
510 x 109/1 are considered to be dangerously low 

Large platelets (shift plateletsormegathrombocytes) 
may be seen in any condition in which there is exces- 
sive platelet destruction and a regenerative platelet 
response. Shift platelets may also beseenin infiltrative 
diseases of the bone marrow. Small platelets 
(microthrombocytosis) may beseen in iron deficiency 
anaemia. 

Manual platelet count 
Manual platelet counts are simple to perform but have 
an inherent coefficient of variation of 20-25%, even 
when performed by experienced personnel. Platelet 
counts performed with electronic cell counters vali- 

dated for samples from dogs are more precise but are 
only available in specialized veterinary laboratories. 

Method: A blood sample is collected in EDTA (so- 
dium citrate can be used, but heparin causes platelet 
clumping). A platelet counting diluent system contain- 
ing arnmonium oxalate (Unopette Microcollection 
System for WBC/Platelet Determination, Becton- 
Dickinson, Oxford, UK) is filled according to the 
manufacturer's instructions; this dilutes the blood and 
lyses the erythrocytes. After complete haemolysis 
(about 10 minutes), a cleaned Neubauer haemocyto- 
meter is loaded by capillary action, taking care not to 
overfill the counting chamber. The haemocytometer is 
placed in a moisture chamber (a small container with 
a lid,suchas a petri dish, and alayer of wet filter paper) 
for 5 to 10 minutes while the platelets settle. The 
platelets in the 25 smallsquares within the large central 
square are then counted on each side of the haemo- 
cytometer by using the high dry lens and a lowered 
condenser (Figure 10.2). The average of these two 
counts is the platelet count (x 109/litre). All platelet 
counts must be confirmed by examining a stained 
blood smear. 

I~zterpretatiolz: Healthy dogs have platelet counts of 
200-700 x 109/1 and healthy cats 300-800 x 109/l. 

Clot retraction 
Clot retraction is a crude test of platelet function 
that can be done on non-tluombocytopenic samples 

~ 

Figrrre 10.2: Coroitirig platelets. (a) Eaclm side of rile l~aeaocytornerer is r?rn~-ked wit11 iiinc rr~ajor squares ivllich are arbdivided 
irrro srrmller squares. (0) Platelets are commted only in time cerrrral nmajor square (5) nvl~ich is subdivided irrto 25 ruinor sqrrares, 
each of which isfirrfhersrrbdividerl irmto 16squares. Platelers or-e visible as very srirall refracrile bodies n~lmen vie~ved ~t'itlr the 
rriicroscope corrderrser logvered. Lencoc)tes 01-c larger tharr platelets ar~d are rendily disrirmgaisliedfrorrl platelets. 

www.vet4arab.co.cc



176 Manual of Canine and Feline Haematology and Transfusion Medicine 

Glass tube containing 
1 ml of 0.96 w/v saline 
and 1 ml of whale blood 

5-10 minutes 

Room temperahlre 

Clotted blood- 
saline mixture 

22 hours - 
Room temperahlre 

Retracted clot 4 

Some erythrocytes 
may settle to the / 
bottom of the tube 

I I 
Figure 10.3: Clot retraction. Blood is added to a glass tube containing an equal volume of normalsaline, and the mixture is 
allowed to clot. The tube is examined hourly, and the separation of the retracted clotfrom the serum is evaluated. Clot retraction 
should be complete in 2 hours, but may take longer in the saline-blood mixture. 

(Figure 10.3). A blood sample collected without anti- 
coagulant from a normal animal will clot in the tube 
within minutes. The contractile proteins in platelets 
then contract, squeezing the serum out of the clot, 
resulting in separation of the clot from the serum. 
There are several variants of this test. 

Method: A sample of whole blood is placed into a 
glass tube and allowed to clot at room temperature. 
Alternatively, the blood may be added to a tube 
containing an equal volume of normal saline (0.9% 
wlv), and the saline-bloodmixture is allowed to clot. 
Clotting should occur within 5 minutes but may take 
a little longer when a saline-blood mixture is used. 
The tube is examined hourly for evidence of separa- 
tion of the clot from the serum. This saline-blood 
method is more sensitive than whole blood and is 
easier to evaluate because of the relatively smaller 
volume of the clot. 

Interpretation: Clot retraction usually occurs within 2 
hours, but may take longer in a saline-blood mixture. 
The clot should reduce to about 50% of its original 
volume, and the expected volume of serum should be 
at least 90% of the plasma volume that would be in the 
sample. Failure of clot retraction to occur indicates a 
severe platelet function disorder. Even though this test 
is subjective and not very sensitive, with experience it 
is useful. 

Laboratory tests of primary haemostasis 

Automated platelet count 
Automated platelet counts are more accurate and pre- 
cise than manual counts because many thousands of 
cells are evaluated in each sample. Platelets from cats 
tend to clump, which often causes inaccurate platelet 
counts because they are excluded. Unusually large 
platelets may also be excluded from a count. This is 
more commonin cats thandogs, althoughit does occur 
as a breed variant in Cavalier King Charles Spaniels. 

Platelet function tests 
Platelet function testing is indicated when there is 
clinical evidence suezestive of defective ~rimarv bae- &., .~ ~~~ , ~~~~- 

mostasis and/or a prolonged BMBT, but thron~bocy~o- 
penia and vWD have hccti ruled out. It is csscnrial to 
obtain an accurate histoly of all drugs the animal has 
received in the past 10 days to rule out their effects, 
especially aspirin and non-steroidal anti-inflamma- 
tory agents, which inhibit platelet function. Platelet 
aggregation tests must be completed within 4 hours of 
collectionandrequirespecializedand expensiveequip- 
ment. For these reasons, specific testing of platelet 
function is usually only available at veterinary teach- 
ing hospitals associated with universities. The ability 
of the platelets to sticktogether (aggregate) and release 
the contents of their granules is tested in a platelet 
aggregometer by adding reagents that induce these 
responses in healthy platelets. 

www.vet4arab.co.cc



Haelnostatic Diagnostic Techniques 177 

vWf antigen 
The concentration of vWf antigen (vWf:Ag) in plasma 
may be determined by either electroimrnunoassay or 
enzyme-linked i~nmunosorbent assay. Blood should be 
collected in trisodiuln citrate and, if possible, the plasma 
separated immediately. It has been shown that vWf:Ag 
in plasma stored at either 4°C or 22°C is stable for up to 
48 hours (Johnstone ct nl., 1991). In whole blood, 
vWfiAg is stable for 48 hours at 22'C but decreases 
significantly within 24 hours if stored at 4'C. It is 
advisable to discuss sample and shipping requirements 
with the laboratory before collecting the samnple. vWf 
concentrations in dogs are increased by strenuous exer- 
cise, age, azotaemia, liver disease, parturition and tlie 
vasopressin analogue, I-desamino-8-D-arginine vaso- 
pressin (DDAVP). Blood for vWfiAg assays should be 
collectedfromanimalsatrestbutshouldnotbecollected 
within2 weeks of any systemic stress or illness or from 
females during oestnls or pregnancy. 

vWf function assays 
Tlie assays measure tlie functional ability of vWf in 
plasma to agglutinate platelets by forming a bridge 
between adjacent platelets. Washed or formalin-fixed 
platelets suspended in the plasma to be tested are 
exposed to an agglutinating agent such as botrocetin, 
which a l t e ~  the surface charge of tlie platelets allow- 
ing vWf to attach. The resulting agglutinatio~i can be 
measured by visual assessment, but detemlining the 
end point is difficult and the assay is best done in a 
platelet aggrego~neter. This test is largely restricted to 
teaching hospitals associated with universities. 

TESTS OF SECONDARY 
HAEMOSTASIS 

In secondary haemostasis tlie primary liaemostatic 
plug is stabilized by the formation of cross-linked 
fibrin. Pri~nary and secondary haemostasis must occur 
simultar~eously foreffectivehaemostasisto take place. 
Tlie conversion of soluble fibrinogen to insoluble 
fibrin by tlirombin is the final step in a cascade of 
enzymatic reactions in which the inactive coagulation 
factors are converted to active forms. This cascade is 
initiated by release of tissue factor from damaged cells, 
which combines with factor VII to form activated 
factor VII (the extrinsic pathway) which initiates the 
activation of factor X (the common pathway). The 
extrillsic system may serve to initiate the coagulation 
response, whereas the intrinsic system is responsible 
for sustained generation of fibrin. Although the intrin- 
sic pathway of coagulationis triggered by activationof 
factor XI1 by exposure to subendothelial collagen and 
kallikrein, sustained generation of fibrin in vivaseems 
todepend primarily onproteolytic activationat several 
steps of the cascade by thrombingenerated in the initial 
activation of the extrinsic system. Factors V and VIII, 

calcium and platelets as a sourceof negatively charged 
phospholipid surface are all essential cofactors in the 
coagulation process in vivo. 

In-practice tests of secondary haemostasis 

Activated clotting time 
The activated clotting time (ACT) is a simple and 
useful screening test that measures the time it takes for 
fresh whole blood to clot in the presence of asubstance 
that initiates the contact activation of coagulation. It is 
a measure of the intrinsic and common coagulation 
pathways. It is important to avoid conta~ninating the 
blood sample with tissue factor at tlie time of collection 
as this will activate the extrinsic pathway. Tlie combi- 
nation of ACT and estimated platelet count from a 
blood smear is the most accurate means of diagnosing 
disseminated intravascular coagulation (DIC) at the 
point of care (Bateman et al., 1999). 

Method: An ACT tube containing diatomaceous earth 
(Becton-Dickinson, Oxford, UK) is prewarmed to 
37°C and venepuncture perfonned. To minimize con- 
tamination from tissue factor, 0.25 to 0.5 ml of blood 
is drawn up into the syringe and discarded, and then 2 
ml of blood is drawn up and added to the ACT tube. 
Alternatively, if collecting directly into a vacutainer 
tube, the first 0.25 to 0.5 ml can be collected into one 
tube, which is discarded, and then the ACT tube is 
attached and filled. The timer is started as soon as the 
blood enters the ACT tube. The sample is gently mixed 
by inversion then placed in a 37°C heating block or 
water bath (60 seconds for dogs and 45 seconds for 
cats). It is then tilted at 10 second intervals untiltlie first 
clot is observed; this may precede coagulation of the 
entire sample. 

Iizter1~retatiow: The ACT ranges from 60 to 110 sec- 
onds in normal dogs and from 50 to 75 seconds in 
normal cats. Prolongation of the ACT indicates a 
severe abnormality of tlie intrinsic and/or common 
pathways. The ACT will also be prolonged in severe 
tlirombocytopenia ( < I 0  x lo9 platelets/l) and 
liypofibrinogenaemia. 

Whole blood clotting time 
Whole blood cotting time (WBCT) is a less sensitive 
version ofACT but can be performed with the minimum 
of equipment. Reference ranges using a standardized 
procedure should be established by each practice. 

Metlzod: To minimize contamination with tissue fac- 
tor, 0.25 toO.5ni1 ofbloodisdrawninto thesyringeand 
discarded, and then about 4 ml of blood is drawn and 
1 ml is added to each of two glass tubes and a timer 
started. The tubes are tippedgently to 90 degreesevery 
30 seconds until the blood has coagulated and the 
average time is used. 
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Interpretatio~t: The WBCT varies a little depending 
on the size of tubes used (the same size tubes should 
always be used) and the temperature, but normal dog 
and cat blood will clot within 6 to 7 minutes. Similar to 
the ACT, the WBCT will be prolonged in severe 
thrombocytopenia and hypofibrinogenaelnia. 

Laboratory tests of secondary haemostasis 
These coagulation tests measure the time taken for 
citrated platelet-poor plasma to clot when coagulatio~l 
is initiated by the addition of calcium and activating 
agents. Laboratories use either fibrometers, which 
detect when fibrin strands form and span the gap 
between two electrodes, or plloto-optical 
coagulometers, which detect a change in the intensity 
of filtered light when clot formation occurs. Fibrin 
formation can also be detected by visual observation, 
but this technique requires considerable practice to 
obtain consistent results. These tests form the basis of 
the specialized clot-based coagulation assays used to 
detect specific factor deficiencies. A test kit for meas- 
uring prothrombin time (PT) designed for the human 
market has beenevaluated inonestudy and found to be 
suitable for use with samples from dogs and cats 
(Monce et nl., 1995). 

Sample requirements for clotting tests 
Blood is collected into a plastic syringe, then the 
needle is removed and thesalnple added to a commer- 
cial sodium citrate tube and mixed gently by inver- 
sion. It is essential that the tube is filled exactly to the 
mark on the tube as an incorrect ratio of blood to 
sodium citrate causes ~nisleading results. Results of 
these tests using blood collected from indwelling 
jugular catheters are not significantly different from 
those using blood collected by venepuncture. The 
plasma should be separated from the sample and 
frozen if the test is not to be run immediately. It has 
been shown, however, that blood salnples from dogs 
collected into sodium citrate and stored at 20°C are 
adequate for up to 48 hours after collection, but 
storage of blood at 4°C results in a significant de- 
crease in coagulant activity within 24 llours (Mansell 
and Parry, 1989). It is advisable to discuss sample and 
shipping requirements with the laboratory before 
collecting the sample. 

Prothrombin time 
The PT (one-stage PT, OSPT) identifies coagulation 
abnormalities of the extrinsic and common pathways. 
Clotting is initiated by adding calcium and tissue 
thro~nboplastin (preferably synthetic or derived from 
rabbit brain), which provides tissue factor and substi- 
tutes for the negatively charged phospholipid surface 
provided by platelets in vivo. Altbough there is little 
variation in product sensitivity or specificity between 
manufacturers, each laboratory must establish their 
own reference ranges for each species using their own 

instrumentation and reagents. The use of a diluted 
sample may improve the sensitivity of the PT as a 
screening test in dogs (Mischke and Nolte, 1997). 

I~~terpretntioa: The PT is sensitive to defects in the 
extrinsic pathway (factor VII) and/or factors in the 
common pathway (fibrinogen, 11, V and X). Prolonga- 
tion of the PT relative to the laboratory's reference 
range indicates a significant deficiency in clotting 
factor as factors must be decreased to less than 30% of 
nor~nal to cause prolongation of PT. The PT is pro- 
longed in acquired vitamin K deficiency, liver disease, 
specific factor deficiencies and DIC. Factor VII defi- 
ciency causes prolongationof thePT withno change in 
other clotting tests. Factor VII has a relatively short 
half-life, and the PT may therefore be the only clotting 
test to be prolonged in the early stages of acquired 
vitamin K deficiency. 

Activated partial thromboplastin time 
The activated partial thromboplastin time (APTT) 
identifies coagulation abnormalities of the intrinsic 
and common pathways. Clotting is initiated by adding 
phospholipid (which substitutes for the negatively 
charged phospholipid surface provided by platelets in 
vivo), a surface activator such as ellagic acid, silica or 
kaolin and excess calcium. The reagents used in the 
APTT vary greatly in composition and therefore in 
sensitivity and specificity. It is essential that each 
laboratory establish their own reference ranges for 
each species by using their own instrumentation and 
reagents. Dilution of the plasma does not increase the 
sensitivity of this test when using electro-optical de- 
tection of fibrin formation (Johnstone, 1984). 

I1zterpretation: The APTT is sensitive to deficiencies 
of the intrinsic pathway factors (high-molecular 
weight kininogen, prekallekrein, XII, XI, 1X and 
VIII) and the common pathway factors (fibrinogen, 
11, V and X). Prolongation of the APTT relative to the 
laboratory's reference range indicates a significant 
deficiency, as factors must be decreased to less than 
30% of normal to cause a prolongation in the APTT. 
The APTT cannot be used to detect haemophiliac 
carriers with 40-60% or higher levels of normal 
factor VIII or IX activity. Clinical bleeding may 
occur without prolongation of the APTTor PT in mild 
cases of acquired vitamin K deficiency. Although 
factor VIII activity in animals with vWD is some- 
times decreased, it is usually sufficient to give an 
APTT within the reference range. 

TESTS OF PIBRINOLYSIS 

The end product of coagulation is the formation of 
insoluble fibrin. The next step in the process is the 
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repair of the damaged blood vessel, lysis of the clot and 
restoration of blood flow. This is achieved through 
dissolution of the clot by the fibrinolytic system. Both 
fibrinogen and fibrin are digested by the enzyme 
plasmin, which is derived from an inactive precursor 
(plasminogen) and activated by several different mol- 
ecules, of which thelnost important is tissue plasmino- 
gen activator (tPA). If plasmin is produced on fibrin 
surfaces, fibrin is digested (fibrinolysis), and when 
plasmin is produced in the circulation, fibrinogen is 
digested (fibrinogenolysis). Fibrinolysis and 
fibrinogenolysisreleasefibrin(ogen) degradationprod- 
ucts (FDPs). The FDPs have anticoagulant effects 
whereas plasmin also inhibits activated factors V and 
VIII. Except for conditions such as DIC, it is unusual 
for fibrinoge~iolysis to occur in vivo. 

In-practice tests of fibrinolysis 

FDPs (fibrin degradation products, fibrin split 
products) 
Test kits tliat use latex particles coated with antibodies 
to fibrinogen fragments are rapid, accurate, sensitive 
and valid for use in animal species. Blood samples 
must be collected in the special tubes supplied with the 
test kit. These tubes contain thrombin to initiate clot- 
ting and remove fibrinogen, as well as protease inhibi- 
tors to prevent further fibrinolysis so that the assay 
only measures FDPs from the circulation. 

Method: Test kits for detection of FDPs (e.g. 
Thro~nboWellco Test, Wellcome Diagnostics, 
Dartford, Kent, UK) provide clear instructions and all 
the materials necessary to perform the test. A positive 
test result is visualized as agglutination of the latex 
beads. 

hrteryretatios: Healthy dogs have FDP colicentrations 
of less than 10 pg/ml. Increased FDP concentra- 
tions (greater than 40 pgjml) indicate that there is 
increased fibrinolysis. DIC is the most colnznon condi- 
tion in cats and dogs in which the EDP test result is 
positive, but concentrations of FDPs may also be 
increased in other disorders of fibrinolysis. DIC is a 
pathophysiological process tliat underlies many disor- 
ders ranging from sepsis to malignancy, characterized 
by simultaneous activation of the coagulation and fibri- 
nolytic systems with degradation of fibrin, coagulation 
factors and fib~inogen by plasmin. Other conditions in 
which concentrations of FDPs may be increased include 
coagulopathy secondary to vitamin IC antagonist 
poisoning, hepatic disease and thrombotic conditions. 

Laboratory tests of fibrinolysis 

Thrombin clot time 
Thrombin clot time (TCT) is a useful screening test 
that measures the time taken for citrated plasma to 

clot when exogenous thrombin and calcium are 
added to plasma. This test only assesses the ability of 
exogenous thrombin to convert the fibrinogen in 
the plasma sample to fibrin and bypasses all other 
steps in the coagulation pathway. Each laboratory 
establishes its own protocol, but usually sufficient 
thrombin is added to give a TCT of 8 to 10 seconds in 
healthy animals. 

Irlterpretatiort: The TCT is prolonged if there is either 
hypofibrinogenaemia (less than 1.0 g/l) or 
dysfibrinogenaemia, or if thereisinhibitiot~oftl~rombin 
by silbstances in the sample such as heparin, FDPs or 
abnormal serum proteins. 

Fibrinogen 
T l ~ e  simple heat precipitation method used to meas- 
ure increased concentrations of fibrinogen is not 
sensitive enough for the accurate measurement of 
decreased fibrinogen concentrations, but fibrinogen 
assays basedonclotting times arenot co~nmonly used 
in veterinary laboratories. When high concentrations 
of thrombin are added to diluted ciirated the 
rate of clot formation is proportional to the fibrinogen 
concentration. 

I~rterpretatiorr: The fibrinogen concentration ranges 
from 1.5 to 3.0 g/l in normal dogs and cats. 
Hypofibrinogenaemia occurs primarily because of 
increased consu~nption in DIC, but decreased pro- 
duction of fibrinogen may occur in advanced liver 
disease. 

Antithrombin 111 
Antithrombin 111 is a circulating natural arlticoagu- 
lant, which is the main physiological inhibitor of 
thrombin. Heparin functions by enhancing tbe inhibi- 
tion of thrombin by ATIII. The concentration of 
ATIII decreases in bypercoagulative disorders such 
as DIC in slnall animals. Common assays for ATIII 
activity are based on the use of a synthetic substrate 
attached to a chemical group tliat is colourless ul~til 
released by proteolysis by ATIII. A chromogenic 
ATIII assay has been validated for samples from dogs 
(Mandell et al., 1991). Assessment of ATIII activity 
is useful in animals suspected of having a 
hypercoagulable state. 

Irtterpretatioir: In DIC, ATIII concentrations de- 
crease in colnparison to that of normal pooled 
citrated plasma from dogs. In one study, 85% of 
dogs (35 of 41) with confirmed DIC had decreased 
ATIII concentrations (Feldman et al., 1981). ATIII 
also decreases in hepatic disease owing to decreased 
synthesis. ATIII is similar in size to albumin and 
is lost in protein-losing nephropathies and protein- 
losing enteropathies. 
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CHAPTER ELEVEN 

Disorders of Platelet Number 

David C. Lewis 

INTRODUCTION 

Platelets are small (2-4 pm) anucleate fragments of 
cytoplasm that are progeny of bone marrow 
pluripotentialstemcells of themegakaryocyte lineage. 
Platelet production from megakaryocytes is termed 
thrombopoiesis. Megakaryocytes are easily recogniz- 
able in bone marrow aspirates because of their large 
size (20-160 pm), lobulated nuclei and abundant pale 
staining cytoplasm (Jain, 1993) (Figure 11.1). A vari- 
ety of cytokines play important roles in thmbo-  
poiesis, includinginterieuldn-3 @-3) andinterleukin-6 
@A), granulocyte-macrophage colony-stimulating 
factor and thrombopoietin (Jain, 1993). The average 

Pifurs 11.2: Cutmeow ~ e t e c h ~ e  on the concave surface of 
rk;ptnnu of a dog lvlrh rhruni~nryro~erira caused by hear ' 

crroke-fnduced dtccemrnarrd r~~rruvrl.\culur coozulu~rurt. 
circulating life span of canine platelets is about 5 days 

- 

(Slichter et a[., 1987) and of feline platelets is about 30 and is maintained for minutes to hours by release of 
hours (Jacobs eb al., 1986). Senescent platelets are vasoactive substances from platelets and surrounding 
removed by fixed tissue macrophages, predominantly tissues. Dnring this time, platelets form an occlusive 
in the spleenand liver (Jain, 1993). plug, which stops haemomhage. Platelets initially ad- 

Figure 11.1: Bone wlurroa uspirure (10 X objzcrivr, lvith nvo 
niurtue nregukur)loc).res, rccoq~rizablu Dnul~ve of [heir karg~ 
si?e and lubulared nurler. Nor~nal cellular bone mnrrubv 
aspiratesfrom dogs conratn 1-3 megakayoqtesperlow 
power ( l o x  objecrrveJfeld 

Platelets have imponantrolesin thrombosis, inflam- 
matiouand tissue repair; butthey arebestrecognizedfor 
their role in haemostasis and in maintaining the struc- 
tural integrity of the eudothelium. In the presence of 
thrombocytopenia, blood leaks through structurally in- 
tact blood vessels,giving rise to spontaneous petechiae, 
purpura and mucmal bleeding (Figure 11.2). After 
blood vessel damage, locaI vasoconsttiction resulting 
from nervous reflexes and local muscle spasm occurs 

h& to adhesive tissue exposed as a result of 
vesseldamage,viavonWillebrandfactor 11.3). 
After adhesion, platelets contact collagen and other 
activator proteins, change shape, become stimulited, 
adhere to one another and release biochemical sub- 
stances (e.g. serotonin, adenosine diphosphate, 
thromboxane A;) that maintain vasoconstriction, am- 
plify platelet activation and remit additional platelets 
to the growing haen~ostatic plug (Figure 11,4). This 
process is termed platelet aggregation. In addition to 
forming the initial occlusive plug to effect rapid cessa- 
tion of haemoahage (Figure 11.5), platelets play a 
critical procoagul&t role by secreting coagulation pro- 
teins (fibrinogen, factor V) and Ca" and providing a 
phospholipid surface (platelet factor 3) upon which 
coaguIation reactions are accelerated. The intrinsic and 
extrinsic coagulation cascades lead to formation of 
fibrin, which stabilizes the initial platelet plug 
11.6). Adhesion and aggregation of platelets is usually 
sufficient to stop initial haemorrhage from damaged 
vessels, but stabilization of the plateletplug by fibrin is 
requiredforp-etlthaenidstasis. Fibrin stabilization 
ofthe platelet plug is not,however,requkedforeffective 
cessation of haemorrhage from very small vessel wall 
defects. Clot retraction and tissue repair are additional 
functions of platelets (Jain, 1993; Bckner, 1995). 
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I , Red Blood Cell I 

Figure 11.3: Subsequent to blood vessel damage, platelets 
adhere to subendothehal proteins via von Willebrand factor, 
become activatedand change shape. 

Figure 11.4: After being 
anivated, platelets retease 
brochemrcal substances 
(such as thromboxane A, 
adenosine drphosphare and 
serotonrnl that amnlrfv 
vasoconstriction a.d"- 
ulatelet activation and 
recruit additional platelets 
to the haemostaticplug. 

Figure 11.5: The initialplateletplug rapidly stops 
haemorrhage. RBC = red bloodcell. 

THROMBOCYTOPENIA 

Thrombocytopenia is the most common acquired hae- 
mostatic disorder in dogs, with a reported prevalence 
rate in canine admissions to one hospital of about 5% 
(Grindem et al., 1991). For dogs, a reference range of 
platelet count of 200 to 500 x 10v1, as historically 
reported in the literature, is used by many laboratories. 
However, some more recently established reference 
ranges use approximately 150 x 109/1 as the lower limit 
of normal (Sullivan et al., 1995). Hence dogs withmild 
thrombocytopenia as reported by some laboratories 
may be normal. Greyhounds, Cavalier King Charles 
Spaniels and Shiba Inus have been reported to have 
lower platelet counts than other breeds of dog (Eksell 
etal., 1994; Sullivan etal., 1994; Smedile et al., 1997; 
Gookin et al., 1998). 

Thrombocytopenia is much less common in cats 
than in dogs, with a reported prevalence in cats exam- 
ined at one veterinary hospital of about 1 % (Jordan et 
al., 1993). Incats, areferencerange of plateletcount of 
approximately 250 to 800 x 109/1 is reported (Jain, 
1993). Automated haematology analysets frequently 
result in artefactual tbrombocytopenia in cats owing to 
the similar size of feline platelets and red cells and the 
tendency of feline platelets to clump (Hackner, 1995) 
(Figure 11.7). Platelet counts derived from a haemo- 
cytometer are more reliable than automated platelet 
counts incats, although they will also be influenced by 
platelet clumping. Clumping can also occasionally 
cause problems with canine platelet counts. 

Fibrin formation proceeds and platelets contract, 
forming a stable haerrlostatic plug 

I I 
F i p m  11.6: Although adhesion and aggregatcon ofplatelets 
are usually suficrent to stop rn~tial haemorrhagefrom 
damagedvessel$ stab~lrzation of the platelet plug byfibrin 
is usually required ercept for small vessel defeets, for 
complete haemastaris. 

Figure 11.7: Plntelet clmping in car blood. Feline platelets 
haw a greater tendency to clump than canine platelem. 
Additionally, the srmrlar size offelrneplntelets and red cells 
results in aatomatedplatelet c o u m  being unreliable in cats. 

Causes of thromboeytopenia 
The major pathophysiologicalcauses of thrombocyto- 
penia are: 

Decreased platelet production (due to bone 
marrow disease) - Accelerated platelet destruction or utilization 
Platelet sequestration. 

Decreased pIateIetproduction (bonemarrow disease) 
Thrombocytopenia due to bonemarrow disease (Figure 
11.8) i s  characterized inmiably by pancytopenia, 
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totoxic drugs: cyclophosphamide, 

I izathioprine, doxorubicin 
Antibiotics: chloramphenicol, sulphonamidel 
trimethoprim 

oestrogen 
Phenylbutazone 
Phenobarbitone 
Albendazole 
Thiazide diuretics 
Phenytoin 
Griseofnlvin (especially in cats infected with 
feline immunodeficiency virus) 

Propylthiouracil, methimazole 
Ribavarin (cats) 

[Neoplasia (myelophthisis) I 
Originating in bone marrow: myeloproliferative 
or lymphoproliferative disease 

Metastatic neoplasia 
Infection I _ _  I 
Canine parvovirns, distemper 
Feline infectious enteritis 
Feline leukaemia virus 
Feline immnnodeficiency virus 
Sepsis, endotoxaemia 
Ehrlichiosis 
Systemic mycoses: histoplasmosis, 
blastomycosis, coccidioidomycosis, 
cryptococcosis 

Cvtauxoonosis 

bone marrow necrosis 
Haemophagocytic syndrome 

Figure 11.8: Causes of decreasedplateletprodrcctton (bone 
marrow disease). 
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bicytopenia (thrombocytopeniainassociationwithnon- 
regenerative anaemia or nentropenia) or presence of 
abnormal blood cells or abnormal cell morphology, as 
detectedby evaluationof aperipheralbloodsmear gain, 
1993). A diagnostic guideline is to consider that the 
absence of these changes ina patient with thrombocyto- 
penia is suggestive that the thrombocytopenia is due to 
acceleratedplateletdestruction orutilization. Oestrogen 
toxicity is an important exception to this guideline. In 
w l y  oestrogen toxicity from exogenous oestrogens 
(mismating injections, treatment of prostatic hyper- 
plasia or perianal gland adenomas) or endogenous oes- 
trogens (Sertoli cell turnour), thrombocytopenia may be 
the only haematological abnormality found and is often 
accompanied by neutrophilic leucoeytosis (Sberding et 
al., 1981; Weiss and Klausner, 1990; Jain, 1993). De- 
pending on the severity of the insulf this may be 
followed, after 2-4 weeks, by non-regenerative anae- 
mia andneutropenia. This early blood picture can easily 

be confused with accelerated platelet destruction from a 
variety of causes, in which thrombocytopenia may be 
the only abnormality, or may be accompanied by neu- 
trophilia. A review of the patient's history (mismating 
injections and history of castration) and thorough physi- 
cal examination (testicular palpation) is the best way to 
distinguish between these possibilities. A bone marrow 
aspirate can be used to cou f i i  the diagnosis of oestro- 
gen toxicity (few or no megakaryocytes) if necessary 
(Jain, 1993). Identification of the source of oestrogen 
would also be confiatory . Cats are much more resist- 
ant to the toxic effects of oestrogens than are dogs. 

Accelerated platelet destruction or utilization 
Thrombocytopeniadueto acceleratedplatelet destruc- 
tion or utilization (Figure 11.9) can be considered by 
dividing the aetiologies iato immune andnon-immune 
categories. Haemorrhage does not cause thrombocyto- 
penia in humans, and thrombocytopenia in people 

Primary immune-mediated thrombocytopenia 
(also called idiopathic thrombocytopenic I 
purprn; m) 

Systemic lupus erythematosus (SLE) 
Feline leukaemia virns, feline immunodeficiency 

I virus I 
Dirofilariasis 
Ehrlichiosis (Ehrlichia canis) 
Neoplasia: particularly lymphoproliferative 
disease but also a variety of solid tumours 

Drug-induced: especially potentiated - 
sulphonamides but also a variety of other drugs 

~ h e k a t o i d  *tis 
?Babesia canis 
?Neonatal alloimmune thrombocytopenia 
?Propylthiouracil, methimazole 
?Viral infections (distemper) or modified live 

on-immune platelet utilization 1 
Disseminated intravascular coagulation 
Vasculitis: SLE, septicaemia, immune complex 
disease, E. canis, E. platys, granulocytic 
ehrlichiosis, Rickettsia rickensii, feline 
infectious peritonitis, polyarteritis nodosa, 
canine adenovirus-1, canine herpesvirns 

Haemorrhage due to anticoagulant rodenticide 
toxicity 

Haemolytic uraemic syndrome (also called 
cutaneous and renal vasculopathy of 
Greyhounds) 

Hepatozoon canis 
Tularaemia 
Leishmaniasis 
Snake envenomation 
Septicaemia 

Figure 11.9: Causes of accelemtedplafeler destructron or 
utrhzation. 
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subsequent to haemorrhage occurs only after trans- 
fusion with multiple units of platelet-poor blood pro- 
ducts. Transient mild to moderate thrombocytopenia 
has, however, been reported in dogs subsequent to 
haemorrhage due to congenital and acquired bleeding 
disorders, and profound thrombocytopenia is occa- 
sionally observed in dogs subsequent to haemorrhage 
from anticoagulant rodenticide toxicity (Lewis et al., 
1995a). The mechanism for the thrombocytopenia in 
these cases is unknown. Practitioners should be aware 
of this possibility, because the presence of thrombo- 
cytopenia and prolonged coagulation times is often 
thought to be diagnostic of disseminated intravascular 
coagulation (DIC). 

Platelet sequestration 
About one third of circulating platelets are sequestered 
in the spleen at any one time (Jain, 1993). More 
platelets are sequestered as splenic size increases, and 
splenomegaly may cause thrombocytopenia owing to 
platelet sequestration (Figure 11.10). Thrombocyto- 
penia due to splenomegaly in dogs is not well docn- 
mented but is usually mild (not less than 100 x 109/1) 
and of no clinical importance. The presence of more 
severe thrombocytopenia in a patient witb spleno- 
megaly should stimulate a search for another mecha- 
nism for the observed thrombocytopenia. Not every 
caseof splenomegaly will have anassociatedthrombo- 
cytopenia. The degree of decrease in platelet numbers 
in dogs with splenomegaly depends on the original 
platelet count and the magnitude and cause of the 
splenomegaly. Thrombocytopeniamay be more likely 

disease, hemangiosarcoma, haemangioma, mast 

gastric dilation~volv&s), portal hypertension 
(hepatic cirrhosis, portosystemic vascular 
anomalv) 

I Systemic l u ~ u s  ervthematosus. immune-mediated I 
haemolytic anaemia, chronic bacterial, fungal or 

~ ~ ~ o t h e r m i a  
Sequestration in multiple vessels 

.Sepsis 
Sequestration in pulmonary and/or hepatic 

I vasculature . I 
Figure 11.10: Causes ofplatelet sequestration. 

in cases of symmetrical splenomegaly, due to conges- 
tion @ortal hypertension, splenic torsion) or hyper- 
plasia (chronic infections disease), than inasymmetrical 
splenomegaly due to haematomas, nodular hyper- 
plasia or non-haematopoietic neoplasia. Thrombocy- 
topeNa is common, however, in dogs with splenic 
haemangiosarcoma (Grindem et al., 1994). Platelet 
pooling may be absent in splenomegaly that is due to 
diffuse cellular infiltration (haematopoietic neoplasia), 
because of destructionof the vascular compartment by 
neoplastic cells. 

Other causes of platelet sequestrationinclude sep- 
sis and hypothermia. Platelet sequestration within 
pulmonary vasculature may contribute to thrombo- 
cytopenia in patients witb sepsis. Platelet sequestra- 
tion within hepatic vasculature is reported to cause 
thrombocytopeniaindogs with hypothermia (Reagan 
and Rebar, 1995). 

Clinical presentation of dogs and cats with 
thrombocytopenia 
Clinical presentation of thrornbocytopenia varies with 
the severity and duration of thrombocytopenia and 
with the underlying disease. Signs of bleeding in 
patients with thrombocytopenia are variable. Bleeding 
due to thrombocytopenia is not found unless platelet 
counts are less than 50 x 109/1, and nsually less than 
30 x 109/1. The degree of haemorrhage for any given 
platelet count is unpredictable; it is not unusual 
for dogs and cats to have platelet counts of less than 
10 x 109/1 and to have no evidence of haemorrhage 
(Jordan et al., 1993; Hackner, 1995). 

History 
Historical complaints in patients with thrombocyto- 
penia can be non-specific (e.g. anorexia and lethargy), 
may relate to the underlying disease causing the 
thrombocytopenia (e.g. fever, coughing, lymphaden- 
opathy) or may be due to thrombocytopenia. Clients 
may reportepistaxis, haematochezia, melaena, haema- 
turia, haematemesisorcutaneoushaemorrhages. Blind- 
ness or neurological signs may he reported owing to 
haemorrhage into these organs. A history of exposure 
to anticoagulant rodenticides or drugs (such as oestro- 
gen, phenobarbital, phenylbutazone, potentiated sul- 
phonamides, cytotoxic drugs, griseofulvin or 
methimazole) should besought. Preventative healthcare 
history, including heartworm prevention and recent 
vaccinations, may yield helpfulinformation. A history 
of travel may also provide important diagnostic clues, 
because infections causes of thrombocytopenia can 
have variable geographical prevalence. 

Physical examination findings 
Mucosal and cutaneous petechiae, purpura andecchy- 
moses are characteristic of a disorder of primary hae- 
mostasis (Hacker, 1995). Petechiae are pinpoint 
extravasations of blood from intact blood vessels 
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(Figure 11.1 1). Putpm are confluent petechiae, up to 
about 1 cm in diameter. Ecchymoses are small 
haemorrhagic spots, larger than petechiae, often asso- 
ciated with trauma v~gnre 11.12). The terms purpura 
and ecchymoses can be used interchangeably, Al- 
though thrombocytopenia is the most common cause 
of such clinical signs, altered platelet function 
(thrombocytopathia) and vascular disorders (vascnl- 
itis, hypertension) may cause similar bleeding mani- 
festations (Figure 11.13). Petechiae are commonly 

Figurn 11.11: urai  mucosa~perecn~ar (ptnpoinr 
extravasmons of bloodfmm intan blood vessels) m a dog 
with prcrnary immune-medtated thrombocytopenia 
Reproducedfrom Feldman Z~nk l  and la th  (2000) Schalm's 
Veterinary Hematology, 5th edition with permisston of 
Lqpinrtt, Williams and W i l k ~ m  

Figure 11.12: Cutaneous purpura and ecchymoses in d dog 
mrh Immune-mediafedthrombocytopenia. Purpura are 
confluentpetechiae, up to about I cm diameter. Ecchymoses 
ar~r \ ,nol lhue,norrk~~~ic  spurs, lorgrr rho" petrrhiue. often 
ussociured ~ i r h  rruama. ?he tamnrspr~rpara and ecchynzuses 
can be used interchangeably. 

Figure 11.13: 
Retinal 
haemorrhage 
in a cat with 
systemzc 
hypertension 

seen in dogs with thrombocytopenia but are rare in 
cats with thrombocytopenia (Jordan et al., 1993). 
Disorders of secondary haemostasis, such as haemo- 
philia A or anticoagulant rodenticide toxicity, do not 
cause petechiae, putpura or ecchymoses but rather 
larger areas of hemorrhage, such as haernatomas, 
body cavity haemorrhages (haemothorax, haemoperi- 
toneum) and haemarthroses. Bleeding from mucosal 
surfaces, such as epistaxis, oral cavity haemorrhage, 
haematemesis, haematuria, haematochezia or 
melaena, although not specific, are also commonly 
seen in patients with thrombocytopenia (Figure 
11.14). Bleeding from mucosal surfaces can be due 
to a disorder of primary or secondary haemostasis 
(Figure 11.15). Mucosal surface bleeding can also be 
due to localized disease, for example, nasal tumours 
causing epistaxis or gastric ulcers causing melaena 
(Figure 11.16). BIeedmg at multiple sites would en- 
able the presence of a haemostatic disorder to be 
~ o n f m e d  (Haclmer, 1995). 

Figure 11.14: CpLsru.xr.s I , ,  a dog ~ i f h  onticuujiala~lr 
rudrtrricide toxicit).. Episrans cofz be Jur ro 1oraldslisca:e. rr 
p r i m r r ~  hdemorrurzc disorder such as rhromhoc)rupenio or a 
sccondog. Irarrnosrotir di.vur&r such us haenznphiliu A. 

I Haematomas rare 
Bleeding from rnuckius membranes I 

I  leed ding disomodionate to demee of trauma I - . -  - 
Bleeding from multiple sites 
Disorders of secondarv haemostasis 

1 Bleeding &om mumusmembranes . I 

I 
- 

Bleeding into muscles, joints and hody cavities 
Bleeding dispmportionafe to degree of trauma 1 I ~le-g from multiple sites I I %bleeding common 

F i w  11.15: Diaznostic cluesfrom Meedma 
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Figure 11.16: Haematemesis (toffee grounds' vomrtus) in a 
uunent wlth thrombocvto~enta. Mucosalsurface bleedina. 
such as haematemesli can be due to primoh haemostat~c 
dworders, secondary hemostatic disorders or local dueare. 

Other physical examination findings associated 
with specific causes of thrombocytopenia may include 
lymphadenopathy, hepatosplenomegaly and fever. 

Laboratory evaluation of patients with 
thrombocytopenia 

Peripheral blood smear evaluation 
Substantial information in patients with thrombo- 
cytopenia can be gleaned from evaluation of a peri- 
pheral blood smear. This is a rapid and reliable 
method to assess adequacy of platelet numbers and 
to assess the presence of platelet clumping. Each 
platelet in the peripheral blood smear is equivalent 
to about 15 x lo9 platelets per litre, and less than three 
to four platelets per oil immersion field (without 
platelet clumping at the feather edge or along the 
sides of the blood smear) indicates significant 
thrombocytopenia (Jain, 1993). Platelet clumping 
is a common cause of spurious thrombocytopenia, 
especially in cats. Platelet clumping can be mini- 
mized by careful venepuncture and prompt (within 6 
hours) analysis. Ethylenediamine tetra-acetic acid 
(EDTA) is the prefemed anticoagulant for platelet 
enumeration (Jain, 1993), although EDTA-induced 
platelet clumping causing spurious thrombocytope- 
nia has been observed in dogs. In the presence of 
platelet clumping, neither manual nor automated 
platelet counts will be accurate (Figure 11.17). In the 
presence of platelet clumping, the likelihood of 
thrombocytopenia needs to be subjectively assessed 
on the basis of the platelet count or estimate and the 
degree of clumping. Large densely stained platelets 
on a bloodsmear (megathrombocytes) suggest active 
thrombopoiesis in response to accelerated platelet 
destruction or utilization (Sullivan et al., 1995) (Fig- 
ure 11.18). Infectious organisms, such as Ehrlichia 
canis momlae in leucocytes, E. platys momlae in 
platelets or cytoplasmic distemper inclusion bodiw 
in leucocytes or red cells, may rarely be seen on 

evaluation of peripheral bloodsmears (Figure 11.19). 
The subjective impression of leucopenia or presence 
of abnormal cells, such as 'blast cells,' on evaluation 
of a peripheral blood smear is suggestive of bone 
marrow disease. The presence of many fragmented 
redcells (schistocytes or schizocytes) would support 
DIC, haemangiosarcoma or heartworm disease as 
likely causes for thrombocytopenia. 

Figure 11.17: Platelet clumpzng, evrdent in this blood smear 
from canine blood antrcoagulated with heparm, invaltdates a 
platelet estrmate or count. Ethylenediam~ne tetra-acetlc acld 
is the preferred anticoagulant for platelet enumeration 

Figure 11.18: Peripheral bloodsmearfrom a dog 
with thrombocvtouenia showing large olatelets . . .. - . 
(mejiorhromboc~rrs). M~gurhromhoc).re.v arc Lrdicurivr 
of  ncaelrrur?d plarelct yrodu(.:1urz ithrornhopoiesis~ in 
response to acceleratedplatelet destructron'or utilization. 
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Platelet count 
Despite the value of evaluation of peripheral blood 
smears, a platelet count is still important to quantify 
thrombocytopenia precisely. Spurious thrombocyto- 
penia owing to platelet clumping (see Peripheral blood 
smear evaluation) can be lnil~imized by careful 
venepuncture and prompt (within 6 hours) analysis. 
Spurious thrombocytopenia can also occur in platelet 
counts from automated haematology analysers owing 
to exclusioll of stnall or large platelets because of 
inappropriate machine settings or calibration. In addi- 
tion, automated cell counters often do not provide 
accurate platelet counts in cats because of the similar 
sizeof felineplateletsandredcells. Spurious thrombo- 
cytopenia has been reported in Cavalier King Charles 
Spaniels owing to the presence of many large platelets 
(Brown et a/., 1994). For these reasons thrombocyto- 
penia shouldbeverified by examination of a peripheral 
blood smear to assess platelet nuznbers and to check for 
platelet clumping, especially in patients without clini- 
cal signs of bleeding. 

Conlplete blood count 
Tluombocytopenia due to bone marrow disease is 
typically characterized by leucopenia and non-regem 
erative anaemia accompanying the thrombocytopenia 
(pancytopenia). Decreases in two cells lines (so called 
bicytopenia; throlnbocytopenia and neutropenia or 
thrombocytopenia and non-regenerative anaemia) or 
abnormalities in peripheral blood cell morphology is 
also suggestive of bone marrow disease. An important 
exceptionto theseguidelines is in theearly stages (first 
2-3 weeks) of oestrogen toxicity, in which thrombo- 
cytopenia due to decreased platelet production is often 
accompanied by leucocytosis and a normal haema- 
tocrit. In dogs with oestrogen toxicity, pancytopenia 
may ormay not developafter 3-4 weeks, dependingon 
the magnitude of the toxic insult (Weiss and Klausner, 
1990; Jain, 1993). Neutrophilia with or without a left 
shift is often seen in animals with tl~rombocytopenia 
due to accelerated platelet destruction or utilization, 
and a stress haemogram may be evident in some cases. 
Leucopenia in affected cats is suggestive of a viral 
aetiology forthrombocytopenia (felineleukaemiavirus 
(FeLV), feline immunodeficiency virus (FIV), feline 
infectious peritonitis (FIP), panleucopenia) (Jordan et 
a/., 1993). 

Anaemia in dogs and cats with thrombocytopenia 
could be due to bone marrow disease, haemorrhage 
as a result of thrombocytopenia, immune-mediated 
haemolytic anaemia (IMHA) accompanying 
immune-mediated thrombocytopenia (IMT) or 
microangiopathic haemolytic anaemia accompany- 
ing DIC, heartworm disease or haemangiosarcoma. 
Anaemia due to haemorrhage or IMHA may be re- 
generative ornon-regenerative depending onthe time 
course of events aud the presence of immunological 
targeting of red cell precursors. 

Mean platelet volume 
Mean platelet volume (MPV) is measured by auto- 
mated haematology analysers and may be reported 
together with the results of complete blood counts 
(CBCs). MPV indogs is reported to range between 7.5 
fl and 10 fl (Waner et a/., 1989; Northern andTvedten, 
1992; Sullival~ et a/,. 1995) and in cats between 12.1 fl 
and 15.1 fl (Boyce etal., 1986; Jain, 1993). An in- 
creased MPV (macrothrombocytosis) suggests active 
thromnbopoiesis in response to thrombocytopenia due 
to accelerated platelet destruction or utilization 
(Sullivan et a/., 1995). Macrothrombocytosis associ- 
ated with decreased automated platelet counts (but not 
manual counts) has been reported in Cavalier King 
Charles Spaniels (Brown etal., 1994). Thrombocyto- 
penia in cats with FeLV infection may also be associ- 
ated with an increased MPV (Boyce ct a/., 1986). A 
low MPV (rnicrothrombocytosis), due to platelet frag- 
mentation or preferential destruction of larger more 
heavily antibody-sensitized platelets, may be found in 
some dogs in the early stages of IMT (Northern and 
Tvedten, 1992). 

Bone marrow evaluation (aspiration and biopsy) 
Bone marrow evaluation is not routinely necessary in 
patients with thrombocytopenia. Indications for bone 
marrow evaluatiol~ include pancytopenia or abnormal 
peripheral blood cell morphology. Bicytopenia (two 
cell lines decreased; thrombocytopenia with non- 
regenerative anaemia or neutropenia) may or may not 
be indicative of bone marrow disease. Bone marrow 
evaluation can be used to determine whether tluombo- 
cytopenia is due to impaired platelet production (de- 
creased numbers of megakaryocytes in bone marrow) 
or accelerated platelet destruction or utilization (in- 
creased numbers of megakaryocytes in bone marrow) 
(Jain, 1993). Normal bone marrow contains around 
three megakaryocytes per low power (10 x objective) 
field (Joshi and Jain, 1976). Large numbers of 
megakaryocytes in bone marrow indicate that platelet 
production is adequate, and therefore tluombocyto- 
penia is due to accelerated platelet destruction or 
utilization (Jain, 1993) (Figure 11.20). The presenceof 
decreased numbers of megakaryocytes inbone marrow 
mustbeinterpretedin lightofthequality andcellularity 
of the bone marrow aspirate. This may need to be 
confirmed by repeating the aspirate (Figure 11.21) or 
by procuring a bone marrow core biopsy. Evidence of 
phagocytosis of platelets by bonemarrow macrophages 
would be supportive of IMT or haemophagocytic 
syndrome, which bas been associated with infectious 
and neoplastic diseases in dogs andcats (Walton etal., 
1996). Major haemorrhage is unusual subsequent to 
bone marrow aspiration or core biopsy, even in dogs 
with profound thrombocytopenia, and can be readily 
controlled with local pressure. Hence, thrombocyto- 
penia is not a contraindication to bone marrow aspira- 
tion or core biopsy. 
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Figure 11.20: Bone marrow aspirarefrom a dog with 
thrombocytopenia showing hypercellular bone marrow and 
increased numbers of megakaryocytes, indicating that 
thrombocytopenia is due to acceleratedperipheralplatelet 
destruction or utilization. Normal canine bone marrow 
contains 1-3 megakayocyresper low power ( l o x  
objective)jeld. 

, I,. , ., .. . . w . : .  , ,  . ,  . 

Fizure 11.21: Bone marrow aspirare from a dor with 
rhromb~c~topenia showing decreased rzumbersof 
megakaryocytes. This could be indicative of 
thrombocytopenia due to impairedplarelet production or 
could be due to a non-representative sample of bone marrow. 
This bone marrow sample was diluted with peripheral blood 
and may not be representative of bone marrow as a whole. 

Coagulation profile 
Although not routinely necessary, tests of coagulation 
may beindicated toinvestigate the possibility of throm- 
bocytopenia related to DIC or anticoagulant rodenti- 
cide toxicity. A prolonged activated clotting time 
(ACT), which can readily be donein-house, in a dog or 
cat with thrombocytopenia is suggestive of DIC or 
anticoagulant rodenticide toxicity. Severe thrombocy- 
topenia itself (< 10 x 109/1), however, will cause slight 
prolongation of the ACT. In addition to the platelet 
count, amore complete coagulationprofile caninclude 
prothrombin time (PT), activated partial thromboplas- 
tin time (APTT), thrombin clotting time, measurement 
of fibrin or fibrinogen degradation products (FDPs) 
and evaluation of a blood smear for schistocytes (frag- 
mented red cells). Fibrinogen concentrations may be 
included in a CBC (heat precipitation method) or can 
bemoreaccurately determined by amodifiedthrombin 
clotting time. Measurement of antithrombin I11 con- 
centrations may be offered by some laboratories and 

can be a useful adjunct in investigating possible DIC 
(Feldman et aL, 1981; Bateman et al., 1999). 

Mucosalbleeding time or cuticle bleeding time will 
be prolonged in the presence of major thrombocyto- 
penia and will not addmore information. The bleeding 
time tests are more useful for investigating platelet 
function defects and von Willebrand's disease. 

Detection of antiplatelet antibodies 
A variety of tests have been used to detect serum 
antibodies (usually IgG) with the capability of binding 
to platelets (platelet bindabte IgG) and more recently 
to detect IgG bound to the dog's own megakaryocytes 
or platelets (platelet-bound IgG). No such tests have 
yet been developed for use in cats. It is important to 
recognize that none of these tests are specific for 
primary IMT anddonot enabledogs with primary IMT 
(no underlying cause) to be differentiated from dogs 
withsecondary IMT (Lewis etal., 1995~). ThePF3 test 
is based on the principle that normal canine platelets 
will be damagedby platelet-bindableIgGintheplasma 
sample being evaluated and will release PF3, causing 
an acceleration of the APTT (Jain and Kono, 1970). 
Unfortunately, the PF3 test has poor sensitivity and 
specificity for IMT and is of little diagnostic use in 
evaluating patients with thrombocytopenia (Jain and 
Kono, 1970; Williams and Maggio-Price, 1984). The 
direct megakaryocyte immunofiuorescence test de- 
tects IgG bound to bone marrow megakaqocytes from 
affected dogs (Joshi and Jain, 1976). The sensitivity of 
the direct megakaqocyte immunofluorescence test in 
dogs with IMT is variable; sensitivities of 30% to 80% 
are reported (Joshi and Jain, 1976). A major diiadvan- 
tage is that a bone marrow aspirate, which is not 
routinely needed inpatients with thrombocytopenia, is 
needed to perform the test. 

Flow cytomeby tests for detectionof serumplatelet- 
bindable IgG and platelet-bound IgG have been devel- 
oped for use in dogs and are presently available to 
practitioners in the United States to assist in evaluating 
patients with thrombocytopenia (Lewis et at., 1995b). 
Detection of platelet-bound IgG is the most sensitive 
test for IMT (sensitivity around 90%) and can be per- 
formed in dogs with even profound thrombocytopenia 
(5 to 10 x 109/1), but still does not enable primary causes 
of IMT to be diierentiated from secondsuy causes. 
Detection of platelet-bindable IgG inserumismuchless 
sensitive than detection of IgG already bound to a dog's 
platelets, but may be helpful in those cases in which 
sufficient numbers of patient platelets are unable to be 
isolated for testing (Lewis et a l ,  199%). 

Serology 

Cats: FeLV and FIV testing are indicated in cats 
with confirmed thrombocytopenia. A syndrome of 
lethargy, anorexia, weight loss, lymphadenopathy, 
polyarthritis, anaemia, thrombocytopenia and hyper- 
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globulinaemia has been reported in cats in North 
America. Thesecats havehad positivetitres to eln-lichial 
organis~nsandrespo~~dtodoxycyclinetherapy (Bouloy 
et al., 1994; Peavey et al., 1997). Pyogranulomatous 
vasculitis in cats with FIP can result in thrombocyto- 
penia due to accelerated platelet consumption, how- 
ever the utility of FIP titres in reaching a diagnosis of 
FIP is controversial. 

Dogs: Depending on geographical locatiol~ and travel 
l~istory,pl~ysicalexatninationfit~dingsandi~~itial labo- 
ratory data, testing for Et~rliclzia canis, E. platys, 
E. eqni, Rickettsia rickettsii, leptospirosis and Diro- 
$laria ir~tr~zitis may be indicated in dogs with thrombo- 
cytopenia. An antinuclear antibody titre is indicated in 
dogs with physical examination findings and screen- 
ing laboratory testing supportive of systemic lupus 
erythematosus (SLE). 

Other tests 

Biocherizicalp~ofile: A biochemical profile is indicated 
to look for evidence of systemic disease. Examples 
include evidence of kidney and liver disease in dogs 
with leptospirosis or rickettsia1 infections, hypercalcae- 
mia indogswithlymphoma, hypoalbuminaemia.hyper- 
cholesterolaemia and/or azotaemia in dogs with 
glomeri~lonepl~ritis, whichmay beassociated with SLE. 

Uiinalysis: Proteinuria may be indicative of immune 
complex disease such as SLE, dirofilariasis, 
elulichiosis, lymphoma, chronic bacterial infections 
(e.g. endocarditis, discospondylitis, prostatitis) or sys- 
temic fungal infections. 

Radiology: Radiography andultrasonography may be 
i~~dicatedtoinvestigatethepossibility ofsple~~omegaly, 
neoplasia or infectious disease. 

Diagnostic approach to the patient with a 
disorder of prinlary haemostasis 
In patients that present with signs consistent with 
a primary haemostatic disorder (petechiae, purpura, 
ecchymoses or mucosal haemorrhages), the following 
diagnostic approach is suggested: 

1. Evaluate a peripheral blood smear for platelet 
numbers, platelet clumping and platelet size 

2. Confirm the magnitude of thrombocytopenia by 
performing a platelet count (a manual platelet 
count can be used to recheck electronic counts, 
especially in cats) 

3. For an initial data base include a careful review 
of the patient's history, including exposure to 
dnigs or toxins (oestrogens, phenylbutazone, 
phenobarbital, other drugs, anticoagulant 
rodenticides); heartworm status and travel 
history; CBC and platelet count; biochemical 
profile and urinalysis 

4. Further diagnostics: 
i. Bone marrow aspirate if indicated by CBC, 

history (drug exposure) or physical 
examination findings (e.g. testicular 
abnormality suggesting the possibility of a 
Sertoli cell tumour). If there is evidence of 
impaired platelet production (decreased 
numbers of megakaryocytes) without 
evident aetiology from bone marrow 
aspirates, then a bone marrow core biopsy 
and serology for E. canis (dogs) and FeLV 
and FIV (cats) is indicated 

ii. If there is no evidence of impaired platelet 
productiol~ from initial CBC, then a 
coagulation profile to test for DIC, tests for 
platelet-bound or serum platelet-bindable IgG 
and serology for E. canis, E. platys, E. eqcci, 
R. rickettsii, leptospirosis and D. iri~rl~itis in 
dogs and FIV, FeLV, E. risticii and E. equi in 
cats may be indicated 

iii. Response to treatment (e.g. glucocorticoids, 
tetracyclines) can be used as a diagnostic test 
and while awaiting the results of other 
diagnostic tests. 

Treatment of thro~nbocytopenia 
In addition to specific therapy, which is dictated by the 
cause of thrombocytopenia, supportive care to mini- 
mize haemorrhage and its consequences is important. 
Supportive care includes cage rest and prevention of 
trauma, minimization of injections, use of the oral or 
intravenous route in preference to the subcutaneous or 
intrarnuscularroutes fordn~g administration and trans- 
fusion therapy for provision of platelets and/or red 
blood cells. 

Platelet transfusions 
Platelet transfusions are rarely necessary in dogs and 
cats with thrombocytopenia (Williams and Maggio- 
Price, 1984). Platelet transfusions are indicated for 
patients with profound thrombocytopenia thatdevelop 
neurological signs and are suspected to have central 
nervous system (CNS) haemorrhage, and before 
surgery in patients with platelet counts of less than 
50 x 109/l. Patients with severe bleeding manifesta- 
tions due to profound tln-ombocytopenia are also can- 
didates for platelet transfusions. 

Fresh whole blood or platelet components (plate- 
let-rich plasma, platelet concentrate) can be used as 
sources of platelets for transfusion. Administration of 
a singleunit of fresh whole blood, platelet-rich plasma 
or platelet concentrate has the potential to increase the 
platelet count of a 20 kg dog by as much as 30 to 
40 x 10g/l. 

In patients with thrombocytopenia due to acceler- 
ated platelet destruction or utilization (e.g. IMT, DIC), 
platelets have dramatically reduced circulating life 
spans (minutes to hours) and transfi~sed platelets are 
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destroyed rapidly (Cars et nl., 1986). In these cases, 
multiple units of platelet-rich plasma or platelet con- 
centrate (prepared from fresh whole blood by centrifu- 
gation) are required to maintain platelet counts greater 
than 10 x 10q/l and to stop ongoing haemorrhage. This 
is impractical and cost prohibitive in most situations. 
The administration of a single unit of fresh whole 
blood, platelet-rich plasma or platelet concentrate to 
these patients is ineffective. 

Red cell transfusions 
Red cell transfusions are indicated in patients with 
thrombocytopenia in which anaemia is severe. 

Comn~onest causes of thro~nbocytopenia 

and Meyers, 1996). In cats, IMT may occur secondary 
to FeLV or FIV infection (Shelton et nl., 1990). 

Although any drug can potentially provoke sec- 
ondary IMT, potentiated sulphonamides, the gold salt 
auranofin and cephalosporins have been documented 
to cause IMT in dogs. Drug-induced IMT usually 
develops after weeks to mouths of treatment, resolves 
within 2 weeks OF cessation of the drug and does not 
recur in the absence of the dn~g .  IMT is a common 
feature of SLE. Other clinical and laboratory manifes- 
tations of SLE, suchas polyarthritis, dermatitis, muco- 
cutaneous ulceration, peripheral neuropathy, 
polymyositis, glomerulonephritis, IMHA, neutropenia 
and antinuclear antibodies usually enable SLE to be 
distinguished from primary IMT. IMT is well docu- 

Thrombocytopenia in dogs merited in dogs with lymphoproliferative and non- 

Throtnbocytopenia is about five times more comnmon haematopoietic t~eoplasia. hnmune-mediated platelet 

in dogs than it is in cats (Grindem et nl., 1991). The destruction may contribute to thrombocytopenia in 

commonest causes of tl~ombocytopenia in dogs in dogs infected with E. cnnis, Babesin cnnis, D. irrlrriitis 

North America (Cockburn and Troy, 1986; Grindem er and distemper virus (Lewis et nl., 1995; Mackin, 

nl., 1991, 1994) are reported to be: 1995b; Waner et nl., 1995). 

IMT (either primary or secondary) - Infectious diseases, including rickettsia1 diseases 
(E. cartis and Rocky Mountain spotted fever), 
heartworm disease and systemic mycoses 
(cryptococcosis, coccidioidomycosis, 
blastomycosis, histoplasmosis) 
Neoplasia (especially lymphoma and 
haemangiosarcoma). 

Thro~~~bocytopenia in cats 
Thrombocytopenia in cats is uncommon (Jordan et nl., 
1993). The commonest reposted causes of confirmed 
thrombocytopenia in cats (Shelton et al., 1990; Hart 
and Nolte, 1994; Peterson et al., 1995) include: 

- Infectious diseases, including FeLV, FIV, FIP, 
Tonoplasn~a goridii and Haeniobnrtonelln felis 
Neoplasia, especially lymphoproliferative and 
myeloproliferative diseases - Thro~nhoembolis~n related to cardiac disease. 

DIC has been identified as the pathophysiological 
cause for thrombocytopenia in about 10% of cases of 
feline throlnbocytopenia (Jordan et nl., 1993). The 
aetiology for thrombocytopenia in cats is frequently 
undetermined, for example, 20% of cases in one study 
were idiopathic (Jordan et al., 1993). 

Specific causes of thrombocytopenia 

Neoplasia 
Thrombocytopenia is frequently associated with neo- 
plasia in dogs, particularly lymphoproliferative 
neoplasiaandl~aernangiosarcoma(GrindemetnL, 1994). 
Mechanisms for thrombocytopenia associated with 
neoplasiaaremultipleandincludedisseminated or local 
platelet consumption, splenic sequestration, myeloph- 
thisis, bone marrow suppression by chemotherapy, 
radiation therapy or tumour elaborated oestrogens 
and immune-mediated platelet destruction. IMT is well 
documented in dogs with lympl~oproliferative and 
non-haematopoietic neoplasms (Helfand et nl., 1985) 
and may precede the discovety of neoplasia, leading to 
an erroneous diagnosis of primary IMT. 

Disseminated intravascnlar coagulation 
Thrombocytopenia is a common finding in dogs and 
cats with DIC (Feldman et nl., 1981; Grindem et aL, 
1991; Jordan et nl., 1993; Bateman et nl., 1999). DIC 
indogs is most freauently associated withse~ticaemia, - 
disseminated malignancy, massive trauma, heat stroke 
and vasculitis (e.g. leptospirosis, Rocky Mountain 
spotted fever, immune-mediated vasculitis). In cats, 
liver disease, FIP, malignancy and thromboembolism 
related to cardiac disease are the most colnmonly 
reported causes of DIC (Jordan et al., 1993; Peterson 
et al.. 1995). Assessment of a coazulation ~rofile. w 

including PT, APTT, FDPs, fibrinogen concentration 
and antithrombin111 concentrations, and evaluation of 

Primary immune-mediated thromhocytopenia a blood smear for schistocytes will enable most cases 
Primary IMT is discussed fully in Chapter 14(i). of DIC to be diagnosed. 

Secondary immune-mediated thromhocytopenia Infectious disease 
Secondary IMT has been described in dogs with SLE, Viral, bacterial, protozoal, fungal and parasitic diseases 
neoplasia and certain infectious diseases, and subse- may cause thrombocytopenia in dogs and cats. 
quent to drug administration (Mackin, 1995b; Lewis In Noah America, infectious diseases are repotted to 
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account for 20% to 60% of dogs with thrombocyto- 
penia. E. canis, Rocky Mountain spotted fever, lepto- 
spirosis and dirofiiasis are frequently diagnosed 
infectious causes of thrombocytopenia in dogs inNorth 
America preitschwerdt, 1988; Grindem et al., 1991). 
Thrombocytopenia is a common haematologicalabnor- 
mality associated with bacteraemia in humans but is less 
commonly reported in bacteraemic dogs. Mild throm- 
bocytopenia is a frequent occurrence subsequent to 
modifled-live distemper vaccination and is less com- 
monly observed in naturally occurring cases of distem- 
per. Immune-mediated platelet destruction may 
contribute to thrombocytopenia indogs infected with E. 
canis, B. canis, D, immitiranddistemper virus (Lewis et 
al., 1995c; Mackin, 199%; Waner et al., 1995). 

Haemolytic u r a e d c  syndrome 
Haemolytic uraemic syndrome (HUS), a disorder of 
platelet hyperaggregability with intravascular platelet 
thrombi and widespread tissue ischemia, has been 
reported in dogs, especially greyhounds. Clinical and 
laboratory findings in HUS, including neurological 
signs, renalfailure,microangiopathichaemolyticanae- 
mia(schistocytosis),thrombocytopeniaandfever, make 
it distinguishable from primary IMT (Holloway and 
Senior, 1993; Hertzke et al,, 1995). 

Breed-related thrombocytopenia 
Greyhounds, Cavalier Rmg Charles Spaniels and Shiba 
Inus can have platelet counts that are lower than in 
other breeds of dog (Eksell etal., 1994; Sullivanetal., 
1994; Smedile et al., 1997; Gookin et al., 1998). 

THROMBOCYTOSIS 

Thrombocytosis, defined as a platelet count above the 
reference range, is a much less common abnormality 
than thrombocytopenia. Thrombocytosis, other than 
primary thrombocytosis, is usually of no clinical sig- 
nificance. The causes of thrombocytosis are summa- 
rized in Figure 11.22. 

Mechanisms and causes of thrombocytosis 

Thrombocytosis due to splenic contraction 
The spleen normally contains about 30% of the 
circulating platelet pool, which is recognized by the 
body as being a constituent of total platelet numbers 
(lain, 1993). Any cause of splenic contraction, for 
example, excitement, exercise or acute blood loss, 
will result in a transient increase in platelet numbers 
in the circulating blood, which may or may not cause 
mild thrombocytosis. 

Post-splenectomy thrombocytosis 
Splenectomy will result in a more permanent increase 
in platelet numbers, whichmay or may not came mild 
thrombocytosis (lain, 1993). 
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Figure 11.22: Cou.srs uftkrutnbocyro~is. 

Rebound thrombocytosis 
Subsequent to resolution of thrombocytopenia from 
any cause, rebound thrombocytosis may occur owing 
to the residual effect of increased concentrations of 
thrombopoietin and other cytokines stimulating 
thrombopoiesis. 

Reactive thrombocytosis 
Although thrombopoietinprovides the majorphysio- 
logical stimulus, thrombopoiesis can also be stimu- 
lated by a variety of cytokines, such as IL-3 and 
IL-6, granulocyte-macrophage colony-stimulating 
factor and etythropoietin. Reactive thrombocytosis 
may occurdue tononspecific stimulationoftbrombo- 
poiesis associated with increased concentrations of 
these cytokines in a variety of inflammatory condi- 
tions, infectious, solid amours, chronic blood loss 
and hypetadrenocorticism (lain, 1993; Reagan and 
Rebar, 1995). 

Primary tbmmbocytosis 
Platelet leukaemia or essential thrombocythaemia (a 
myeloproliierative disease affecting mature platelet 
precursors) and megakatyoblastic leukaemia (which 
affects amore immature cellof theplatelet lineage) are 
rare diseases but cause profound thrombocytosis 
(platelet counts often greater than 1000 x 109/l). 
Megakaryoblastic leukaemia can also cause thrornbo- 
cytopenia. Essential thrombocythaemia is cbaracter- 
izedby largenumbers of circulating platelets (including 
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bizarre forms), increased numbers of megakaryocytes 
in bone marrow and no identifiable cause for reactive 
thrombocytosis (Hopper et nl., 1989). Circulating 
megakaryoblasts and bizarre platelet forms, which 
lnay infiltrate other tissues, are typically seen in 
megakaryoblastic leukae~nia (Canfieldctnl., 1993). In 
cats, platelet or megakaryoblastic leukaemias may be 
due to FeLV infection. Platelets, red cells and white 
cells originate from comlnon bone marrow precursor 
cells (pluripotential and multipote~itial bone marrow 
stem cells) and thrombocytosis lnay occur in associa- 
tion with polycythae~nia Vera, lymphoproliferative or 
myeloproliferative disease or ~nyelodysplasia if an 
early s tan  cell is affected. 

Clinical presentation 
The clinical presentation of al~ilnals with thrombo- 
cytosis varies primarily with the underlying disease. 
Physiological and reactive thro~nbocytosis is usually 
transient and without clinical consequence. Although 
both thro~nbotic and Iiaemorrhagic tendencies may 
occur in patients with primary thrombocytosis, bleed- 
ing is more colnmonly seen. Spleno~negaly is common 
in animals with primary thrombocytosis (Jain, 1993). 

Thrombosis may occur owing to the increase in 
plateletnumbers, in addition to enhanced plateletfunc- 
tion. Cli~iical signs depend on the thrombosed organ. 
Pulmo~~ary thrombosis frequently causes tachypnoea 
and dyspnoea. Pulmonary thrombosis can also cause 
right-sided congestive heart failure secondary to pul- 
monary hypertension, with ascites, jugular distensioli 
and peripheral oedema; and haemoptysis may also be 
seen. Mesenteric thrombosis can result in abdominal 
pain, vomiting and diarrhoea. Portal vein thrombosis 
may lead to ascites. CNS tl~ombosis leads to sudden 
onset of lieurological signs, such as seizures, altered 
mental state and paresis, whichdepends on the location 
of the thrombus in the CNS. 

Bleeding in patients with primary thrombocytosis 
is due to defective platelet function. Haemorrhagic 
signs reflect a disorder of primary haelnostasis and 
may include bleeding from mucosal surfaces, mucosal 
and cutaneous petechiae, pnrpura and ecchymoses 
(Jain, 1993). 
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CHAPTER TWELVE 

Disorders of Platelet Function 

Tracy Stokol 

INTRODUCTION vasculature. Wbile circulating they have a characteris- 
tic discoid shape. Despite its small size, the platelet is 

The most commonly encountered platelet disorders in a complex cell, composed of an outer membrane en- 
veterinary practice are quantitative abnormalities, par- closing a cytoplasm rich in organelles and membra- 
titularly thrombocytopenia. Defects in platelet function, nous structures (Figure 12.1). The platelet can he 
i.e. thrombopathias (thrombocytopathies), are much less divided into several compartments or zones, each 
commonanddifficultto diagnose as they require special- having a distinctive role in platelet function. These 
ized tests, most of which are not readily available to the compartments are the outer membrane, the sol-gel 
general practitioner. Abnormalities in platelet function zone, the organelle zone and the membrane systems. 
have, however, been documented in domestic animals 
and result in abnormal bleeding in affected individuals. The outer membrane 
Thrombopathiasshouldalwaysbesuspectedifananimal The outer memhrane is a biphospholipid membrane, 
is bleedingexcessivelybuthasanormalplateletcountand throughout which cholesterol is uniformly dispersed. 
.coagulationprofXe,Knowledgeofnormalplateletphysi- Phospholipids within the memhrane are distributed 
ology andfunctionis helpful in understanding the differ- asymmetrically; this asymmetry is maintained by spe- 
eut forms of disturbed platelet function. cific proteins in the membrane. In the resting platelet, 

the outer layer is rich in phosphatidylcholine and 
sphingomyelin, whereas the inner layer is rich in 

PLATELET STRUCTURE phosphatidylserine and phosphatidylethonalamine. 
This asymmetry is essentiaI for proper platelet func- 

Platelets are small anucleate cells produced by tion, as alterations in the distribution of the 
megakaryocytes in the bone marrow and pulmonav phospholipids (specifically,thepreferentialmovement 

Dense tubular 

Microfilaments 
and microtubules 
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of phosphatidylserine to the outer layer of the mem- 
brane) that occur on platelet activation converts the 
platelet into a procoagulant molecule. Numerous 
glycoproteins (GP) are embedded within the lipid 
membrane. These act as receptor molecules, allowing 
the platelet to interact with other cells and the sub- 
endothelialmatrix. The glycoproteins arelabelledcon- 
secutively with roman numerals and belong to several 
different gene families, including integrins, leucine- 
rich glycoproteins, selectins, the immunoglobulin 
superfamily and quadraspanins. Figure 12.2 lists the 
glycoprotein families with known roles in platelet 
function. 

The different outer membrane components have 
specific roles in platelet function. The translocation 
of phosphatidylserine to the outer membrane pro- 
vides a binding surface for activated coagulation 
factors (especially those associated with the activa- 
tion of factor X and prothrombin) and promotes their 

catalytic activity (Figure 12.3). This is essential for 
propagation of the coagulation cascade. The expo- 
sure of phosphatidylserine is also termed 'platelet 
procoagulant activity,' and used to be called platelet 
factor 3 (PF3). Atachidonic acid is produced by the 
action of phospholipase A, on membrane 
phospholipids (particularly phosphatidylcholine). 
Arachidonic acid is the initial substrate in a series of 
reactions that result in eicosanoid (prostaglandin) 
synthesis (Figure 12.4). The most important platelet 
eicosanoid is thromboxane A,, a potent mediator of 
platelet aggregation and recruitment. The surface 
glycoproteins, especially the complexes of GPIb-IX 
and GPIIb-IIIa, act as receptors for bothsoluble (e.g. 
fibrinogen) and insoluble (e.g. collagen) ligands and 
are essential for platelet aggregation and platelet 
adhesion to the vascular subendothelium. A qualita- 
tive or quantitative defect in these receptorsresults in 
abnormal platelet function. 

Tenase complex Prothrombinase complex 

Vitronectin receptor (&a3) 
GPIa-IIa (a,&) 

Figure 12.2: Glycoprotein receptors on the platelet membrane and their role in plateletjkncrion. 

Figure 12.3: Schematic illustration of 
assembly of the tenase and 
prothrombinase complexes on the 
plateler surface. During platelet 
activation, phosphatidylserine is 
enriched in the outer leaflet of the 
plateler membrane. The tenase 
complex consists of the platelet 
membrane-associated assembly of 
acriwted factor IX (FIXa), activated 
factor Vlll (factor VIIla), 
phosphatidylserine and ionized 
calcium (calcium) and is responsible 
for the activation offaczor X. 
Similarly, the prothrombinase complex 
consists of a composite of activated 
factor X (FXa), activated factor V 
@ctor Va), phosphatidylserine and 
ionized calcium and is responsible far 
the activation ofprothrombin to 
thrombin. 

(vWf), fibronectin, vitronectin 
VifTOnec~ fibrinoge~ fibronectin, 
thrombospondii 

Collagen 

Adhesion (low shear) 

Adhesion (low shear) 
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Decreased CAMP 

Phospholipase C Phospholipase A, 
activation 

Membrane phospholipid 

Arachidonic acid 

Prostaglandin G, 

Prostaglandin HI 

Activation of 
protein kinase C 

Thromboxane A, 

Shape change Release reaction GPIIb-JlIa exposure 

- 

Fimre 124:Basic plazeletreac~~n. Ilus is the seQuOnce afs iana*~ ewnts rhat occur durinn ~lateiet a&w&m. The reaction - .  
is rniriured when onaXonrsr binds lo irs specific re<>ptor on rh;plarrl~r membrane. Through messengers called G prorpinr rhis 
binding activcrres the enzymes phospholipase C (pho.ypholipid pa th~wy~  undphospholipase A, (arachidonare ur eicoranoid 
pathway) Md causes a rapid i n f l t u ~ o f e ~ ~ & e I I &  cblcium. In ths p&@oliprdpathwaYY phbspholpase C AydroZyses 
~ ~ ~ t i d y l i n o s 1 t o Z  43-biphospkaTe in the platelet menr6~ane to diacyEgbcero1 wid rnositolI,4,5-pkosphate. Dkylglycaral 
actbafes prolein kiltas* C, whlch, dtrolrgk seconclery messengers, leads to pliuelef aggregahon, shape chan* andsecretian. 
Im i to l  triphospkte incrmes cytosolic calcium c o n c e n m v w  by prmoting calcium release from the $erne t~bulursptem. 
T ~ P  incrMsedint?aceffuQr ca&Zum has several e&crs. inclrditu shnoe clranae. eranub secretion andamimnon ofGPi?h-iF7a . - 
h the eich~anoidputhway, phospholipase A, &&sexsthe relrge of bachid%&idfiom pbspblipids (especkly 
phusphatidylcholine) m fhe plurek membtane, leoding to the synthesis of prostaglandin endopemidas andthntmboxane A2. 
Thromborane A,play$ a critical role inplatelet mruibnenr andgranule secretion. Altfwrcgh these tWo pathways ofplatelet 
acfimrion are i d l u w e d  as r e ~ ~ l v  distinct fram one m h e r .  thev do  internet with, andam~l i f i  each ather. The inosiml . ,,. 
rphosphte mediarcd increase in ;~frrrcr/lu/~r culc;fim conce~?truri>n also bctivutes~hr,sphulipase.vphuipase .4, A iiw,r cunveris 
diucvi~l~rernl inru aruchiionic ucid. Both urachidonit acid a~u l  rhrornboxane A .  tun ulso uctir,ate ohr~mholinase C. A rrmmre . . .  
ejj%&ofagonkt-~ec@tor binding is the ilzhjbrtion of adenylae Qclare, thus dec;easeeaseng cyclic adewMSIne monophosphate' 
(CAMP) concentrations andpromoting calcium rekese from the dense rubularsysrem 
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through the interaction of glycoprotein receptors in 
the unstimulated platelet membrane with ligands in 
the vascular subendothelial matrix. The type of 
receptors and ligands differ depending on the site of 
vessel damage and, more specifically, on the shear 
rate of blood flow in that area. Studies performed in 
vitro indicate that under conditions of low shear, as 
found in the venous circulation or areas of blood 
stasis, platelets adhere to collagen, laminin and 
fibronectin through integrin receptors. Under condi- 
tions of high shear, as found in the arterioles and 
microcirculation, adhesion is accomplished by vWf 
and GPIb-IX (Figure 12.2). Humans with abnormali- 
ties in either vWf (von Willebrand's disease) or - 

GPIb-IX (Bernard-Sonlier syndrome) exhibit defec- 
tive platelet adhesion under conditions of high shear, 
illustrating the importance of this interaction and 
providing a physiological basis for the haemorrhage 
observed in these two conditions. von Willebrand's 
disease has been diagnosed in several breeds of dogs, 
however an animal model of Bernard-Soulier syn- 
drome has not been identified. The interaction ofvWf 
with GPIb-IX triggers platelet activation and snbse- -- - 
quent aggregation through a complex series of intra- 
cellular signal transduction events termed the basic 
plateletreaction(Figure 12.4). This reactioninvolves 
two separate but interacting pathways, one involving 
phospholipid hydrolysis (phospholipase C pathway) - - 

and the bthei ,  arachidonic acid metabolism 
(arachidonate or eicosanoid pathway). An important 
consequence of triggering both pathways is the acti- 
vation (by conformational change) of the fibrinogen 
receptor, GPIIb-IIIa, which culminates in platelet 
aggregation. 

Aggregation 
Under physiological conditions, platelet aggregation 
occurs after platelets have attached and spread along 
the subendothelium or have interacted with certain 
agonists, such as thrombi or ADP. These interactions 
initiate the basic platelet reaction, resulting in activa- 
tion of GPIIL-ma. Platelet aggregation is mediated by 
the binding of soluble plasma proteins, particularly 
fibrinogen, to GPIIL-IIIa (in the presence of divalent 
cations) on the same or adjacent platelets, thus effec- 
tively crosslinking the platelets. Plasma and platelet 
vWf (released from a-granules) may contribute to this 
aggregation in healthy humans. Aggregation is 
potentiated by other mediators, including thrombin, 
ADP (released from dense bodies, damaged endothe- 
lial cells or erythrocytes), serotonin, platelet activating 
factor and thromboxane A,. Therefore, unlike ad- 
hesion, aggregationis anactive process, requiring both 
platelet metabolism and stimulation by one or more 
specific agonists. 

Platelet aggregation can be measured in vitro by 
platelet aggregometers. In these devices, aggregation 
is initiated when one or more agonists bind to specific 

receptors in the platelet membrane. Figure 12.7 
lists the various types of platelet agonists. Strong 
agonists, like collagen and thrombin, induce aggrega- 
tion through both the phospholipase C (hydrolysis of 
phospholipid) and eicosanoid pathways (generation of 
thromboxane A,). They can trigger granule secretion 
even when aggregation is inhibited. Weak agonists, 
like ADP, activate the eicosanoidpathway and rely on 
thromboxane A, for aggregation. They cannot cause 
phospholipid hydrolysis and require aggregation for 
secretion to occur. The aggregation initiated by these 
weak agonists is inhibited by drugs that interfere with 
eicosanoid synthesis, such as aspirin. 

Figure 12.7: Platelet agonisrs. 

Release reaction 
The release reaction involves the secretion of the 
a-granule and dense body constituents into the open 
canalicnlar system. The released constituents can then 
participate in platelet aggregation and fibrin forma- 
tion. Therelease reaction canbe measured by detecting 
the amount of 14C-serotonin or ATP released during 
aggregation. 

Procoagulant activity 
The generation of platelet procoagulant activity re- 
quires an influx of calcium and is associated with the 
redistributionofphosphatidylserine to theouterplate- 
let membrane leaflet and the shedding of membrane 
vesicles from the platelet surface. The translocation 
of phosphatidylserine provides a binding site for 
activated coagulation factors and is essential for the 
generation of activated factor X and thrombin. Plate- 
lets also secrete enzymes and cofactors during the 
release reaction, all of which participate in thrombin 
generation. Similarly, factor XIII is releasedfrom the 
platelet cytoplasm and crosslinks fibrin. 
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DIAGNOSIS OF THROMBOPATHIAS 

Thrombopathiassl~ould besuspectedinananimal with 
excessive haemorrhage typical of primary haemostatic 
disorders (Figure 12.8) anda normal platelet count and 
coagulation profile. In many tbrombopathias, sponta- 
neous bleeding is uncommon, haemorrhage typically 
being induced by trauma or surgery. 

Petechiae and purpura 
Mild to moderate bleeding from mucosal surfaces 

Gastrointestinal 
Genitourinary 
Nasal 
Gingival 

History of easy bruising and haematoma 
formation 

Excessive bleeding after trauma, surgely and 
venepuncture 

Tlie minimal data base in patients with excessive 
haemorrhage includes a complete history (including 
sex, age and breed of dog, family history, details of 
previous bouts of haemorrhage, possible access to 
anticoagulantrodenticidesordrugs),a thoroughphysi- 
cal examination (noting the type and distribution of 
haemorrhage and the presence of underlying disease), 
a platelet count, a blood smear examination for platelet 
morphology and a coagulation profile (i.e. activated 
partial thromboplastin time, prothrombin time and 
fibrinogen concentration). If all these tests are within 
reference limits, the animal should be evaluated for a 
thrombopathia (Figure 12.9). Unfortunately, many of 
the tests for tlirombopathias are o~ily performed at 
referral institutions and are not readily available to the 
general practitioner. Some of these tests will be men- 
tioned briefly here (see also Chapter 10). 

I Buccal mucosal bleeding time* I - 
Clot retraction* 
von Willebrand factor testing 
Glass bead retention test 1 

I Platelet aggregation 
Platelet release ("C-serotonin and ATP) 1 
Platelet procoagulant activity 
Platelet functio~i analysers 
Platelet ATP:ADP ratio 
Platelet glycoproteills (gel filtration, immunoblot, 

Fignrr 12.9: Tesrs for r/iag??osis of tl~ror,~rbo~~atl?ias. 
"Can bc perjor~~rerl in private practice. 

Buccal mucosal bleeding time 
The buccal mucosal bleeding time (BMBT) is a rela- 
tively simple in vivo test of primary haemostasis. The 
BMBTis the length of timeneededforhaemorrhage to 
cease from a small standardized cut in the buccal 

mucosa ~nadewitl~aspecialdisposabledevice (Simplate 
11, Organon Telmika, Jessup, MD, USAor SurgicutirM, 
International Technidyne Corporation, Edison, NJ, 
USA). The technique has been well described in tlie 
veterinary literature (Parker et nl., 1988; Stokol and 
Parry, 1993). 

von Willebrand factor 
Evaluation of von Willebrand factor (vWf) is dis- 
cussed in Chapter 14. 

Clot retraction 
Clot retraction is a crude and subjective test of platelet 
number and function. Abnormal retraction may be due 
to hypofibrinogenaemia, thrombocytopenia and 
thrombopathia. 

Glass bead retention 
In the glass bead retention test, platelet numbers are 
determined before and after a standard volmne of ve- 
nous blood is passed at a standard rate tluougli a plastic 
column packed with glass beads. Retention isdependelit 
on vWf, ADP release from haemolysed erythrocytes, 
normal platelet function and coagulation. Platelet reten- 
tion is decreased in throtnbopathias and vWD (Brassard 
and Meyen, 1991). This test is, however, difficult to 
standardize and is not recommended as there are more 
specific tests for the diagnosis of these disorders. 

Platelet aggregation 
Platelet aggregation is induced in vitro in response to 
agonists. This process occurs in a machine known as a 
'platelet aggregometer,' of which there are two types: 
optical and impedance. The optical aggregometer is 
sensitive to changes in light transmission, whereas the 
impedance method is sensitive to changes in electrical 
resistance across two electrodes produced by platelet 
aggregates. Special optical aggregometers, 
lumiaggregometers, measure ATP release simultane- -- - 
ously withaggregation.Theimpeda~lcemethod, which 
also measures whole blood platelet aggregation, is 
thought to be a more accurate indicator of the physio- 
logical processes occurrillg in vivo than the optical 
method, which uses platelet-rich plasma. 

Platelet release and ATP:ADP ratio 
The releasereactioncan beassessed by detenninationof 
total platelet ATPand ADPcontent and by thereleaseof 
ATP or "C-serotonin froin dense bodies during aggre- 
gation. In storage pool defects, dense bodies and their 
associated nucleotides are reduced or absent; therefore 
tlie ATP:ADP ratio of tlie storage pool increases. 

Analysers of platelet function 
New instruments have been developed that assess 
platelet function by sitnulationof invivo vessel injury. 
Anticoagulated blood is passed through anaperture cut 
ina collagen-coated membrane impregnated with ADP 
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or adrenaline. These instruments measure the time 
taken (closnre time) for platelets to adhere to the 
membrane, activate and produce a platelet plug, thus 
closing the apertnre. In human patients this process 
depends onvWf andnormal plateletfunction. Prelimi- 
nary testing in dogs has shown that, with the ADP 
channel, the closnre time is abnormally long in dogs 
with vWD, Glanzmann's thrombasthenia and Basset 
Hound thrombopathia (MB Brooks, personal commu- 
nication). 

Platelet procoagulant activity 
In the past, procoagulant activity of platelets was 
measured by the PF3 test, an obsolete assay that was 
used primarily for detection of antiplatelet antibodies. 
Currently, procoagulant activity of platelets can be 
determined in human patients using a prothrombimase 
assay or flow cytometry. These procedures have not 
been evaluated in companion animals. 

Platelet glycoproteins 
Platelet glycoproteins can beseparated by gel filtration 
and labelled. With advances in immunological tech- 
niques,thepresence orabsence of theseglycoproteins, 

as well as their state of activation, can be assessed with 
monoclonal antibodies in procedures snch as flow 
cytometry and immnnoblotting (Welles et al., 1994; 
Boudreaux et al., 1996). 

DEFECTS IN PLATELET FUNCTION 

Thrombopathias can be inheritedor acquired. Acquired 
disorders are far more common, especially those in- 
duced by drng treatment or disease. Thrombopathias 
typically are associated with hemorrhage and a de- 
crease in platelet function. However, there are many 
disorders (snch as diabetm meuitus, immune-mediated 
haemolytic anaemia, pancreatitis, nephrotic syndrome 
and hyperadrenoconicism) that are associated with 
thrombosis. Although thrombosis is usually due to 
endothelial injury, deficient or abnormal coagulation 
inhibitors and abnormalities of fibrinolysis, there is no 
doubt that platelet hyperaggregability is a contributing 
factor in thrombus formation. Thmmbotic disorders 
will not be discussed further because hyperfunctional 
platelets have been implicated in thrombosis in only a 
few animal diseases Figure 12.10). 

Neoplasia 
Acute megaboblastic leukaemia 
b e t i  thrombocyttmmia 
Polycythaemia Vera 

Bysproteinaemias (lymphoma, multiple 
myeloma) 

.:Jafectious agents 
. . ~ Ehrlichia canis 

I Ehrlichia platys 
~ - 
~ - 

~ .. 
Bepatic . disease 
Xenal disease 

I Disseminated intravascular coagulation PIC)  

Defective adhesion and aggregation 
Defective adhesion and aggregation 
Defective adhesion and aggregation 
Paraprotein (IgG, IgM, IgA) coats platelets causing 
defective adhesion, aggregation and procoagulant activity 

Decreased adhesion, procoagulant activitytr 
?antibody-mediated dysfunction 

Decreased amreeation (secondam to olatelet activation I -- - . . 
with subsequent exhauition) 

Decreased aggregation attributed to a variety of causes 
Decreased adhesion 
Decreased aggregation (secondary to platelet exhaustion 
after initial hyperresponsiveness and DIC) 

Fibrinogen degradation products coat platelets interfering 
with function 

Decreased aggregation . 
- 

-,. r I 

1, ~, I I 
Figure IZIO: Animul diseases associated with acquired thrombopathiar. 

- - 

Rephrotic syndrome Enhanced arachidonic acid availability 
;:Eeoplasia 
,- : &line hypertrophic cardiomyopathy 
@ectious agents 

Rickettsia rickettsi 
, Dirojilaria immitis 

8 .  < 

geline infectious peritonitis virus 

? 
? 

?Due to larger more functional platelets 
?Parasite liberates biogenic arnines, which interact with 
platelet surface 

Unknown: ?Direct viral interaction with ~latelets. and DIC. 
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Thrombopathias are more readily recognized in 
dogs than in cats. In ~eneral, cats do not often exhibit 
e&sive haemmhage, which may be attributed to 
theirsmall sizeandlifestyle, Inherited disordersshould 
be suspected in a young animal, especially if family 
members display similar bleedmg tendencies andthere 
is no history of drug treatment Thrombopathias can 
affect any component of platelet function from ad- 
hesion to aggregation. Defects can involve quantita- 
tive or qualitativeabnomlitiesinmembraneproteins 
needed for platelet adhesion and interplatelet inter- 
actions, aberrant CAMP metabolism, impairedsynthe- 
sis of proaggregatory prostaglandin metabolites, 
decreased or absent grannle pools,and low concentra- 
tions or abnormal function of essential cofactors such 
as vWf and fibrinogen. 

Inherited thrombopathias 
Many inherited thrombopathias have been character- 
ized~humanmedicine, however only afewhavebeen 
diagnosedin companion animak (Figure 12.11). Some 
of these will be discussed in detail. 

von Willebrand's disease 
Although vWD daes not affect platelets directly, vWf 
is essentialforplatelet adhesionto the subendothelinm 
and, to a lesser extent, platelet aggregation. The clini- 
cal signs in this disorder are therefore similar to 
thmmbopathias (see Chapter 14). 

Glanzmann's thrombasthenia 
Glanzmann's thrombasthenia has been diagnosed in 
Otterhounds and a Great Pyrenees (Boudreaux et al., 
1996). The defect seems to be autosomal recessive, 
and affected dogs have excessive mucosal haemor- 
rhage (Figure 12.12). Haemostatic testing shows a 
normal to mildly decreased platelet count, normal to 
increased mean platelet volume and prolonged BMBT. 
Characteristic featnres include decreased platelet re- 
tention, absent platelet aggregation to collagen, ADP, 
platelet activating factor and thromb'm, and decreased 
granule secretion. Change in shape does occur. Clot 

retraction is abnormal, which helps differentiate this 
disorder from Basset Hound thrombopathia. How 
cytome~c studies have shown a noticeable reduction 
inGPIIb-IIIa ontheplateletsurfaceinbothOtterhounds 
andGreat Pyrenees. Inthe Otterhound,thereis asingle 
nucleotide changein exon 12 of the GPIIb gene, which 
disrupts a calcium-biiding domain and forms an 
unstable GPIIb-DIa complex, preventing its expres- 
sion on the platelet surface (Boudreaux and Camrno, 
1999). An mRNA splicing defect in exou 13 of the 
GPIIb gene has been identified in the Great Pyrenees. 
This defect also disrupts a calcium-bindmg donmin 
and results in a truncated protein, wbich destabiizes 
the GPIIb-IIIa complex (Lipscomb et al., 1999). 

wGh ~ l a n u n a n ~ k  thrombwihenra. (Photograph courtesy of 
Dr M. Boudreaux, Auburn University.) 

Basset Hound thrombopathia 
Basset Hound thrambopathia is unique to this breed 
and does not have a humancounterpart. Clinical signs 
in affected dogs consist of petechiae, aural haema- 
tomas and prolonged haemonhage with shedding of 
deciduous teeth. These sig& are generally observed at 
oestrus and after t r a m  or surgery. An autosomal 
recessive condition, Basset Hound thrombopathia is 
characterized by decreased platelet retention and ab- 
sent platelet aggregation in response to all agonists, 
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except thrombin, to whichthere is a delayed onset and 
reduced rate of aggregation. Platelet 14C-serotonin 
releaseisdecreasedinresponse to collagen, but normal 
to ADP and thrombin. Change inshape does occur and 
clot retraction is normal. The precise aetiology of the 
defect is unhown, although abnormal calcium meta- 
bolism or a variant of Glanzmann's thrombasthenia 
are possible causes. Platelets from affected dogs have 
increased basal CAME' concentrations, which have 
been attributed to impaired phosphodiesterase activ- 
ity. Increased CAMP inhibits intracellular calcium 
release, agonist-receptor binding and agonist-induced 
phospholipid hydrolysis (Boudreaux et al., 1986). 

Spitz dog thrombopathia 
Thrombopathia has been described by Boudreaux et 
al. (1994) in young Spitz dogs with chronic intermit- 
tent mucosal bleeding. The disorder closely resembles 
Basset Hound thrombopathia, except that platelet se- 
cretion in response to ADP is absent in the Spitz. 

Storage pool deficiency in American Cocker 
Spaniels 
American Cocker Spaniel dogs withstorage pool defi- 
ciency have moderate to severe haemorrhage after 
trauma, venepuncture or surgery. They have normal 
platelet counts, a prolongedBMBT, decreased platelet 
aggregation and "C-serotonin release in response to 
collagen, and an increased platelet ATP:ADP ratio. 
Dense bodies are visible on electron microscopy. The 
disorder bas been attributed to a selective defect in 
ADP transport in dense granules. Haemorrhage is 
often severe enough to require fresh platelet traus- 
fusions (Callan et al, 1995). 

Acquired thrombopathias 
Acquired thrombopathias should be suspected in ani- 
mals withspecific diseases lmownto beassociated with 
platelet dysfunction (see Figure 12.10) and in aninx~Is 
that bavebeen treated with certain drugs (Figure 12.13). 
The risk of bleeding is unpredictable and typically less 
severe and consistent than in animals with inherited 
disorders. Although abnormal pIatelet function occurs 
in these diseases, there may be other causes for the 
excessive haemorrhageseen in these conditions (throm- 
bocytopenia, for example). However, it should be rec- 
ognized that platelets are potentially not functioning 
normally in thesesituations, and drugs that may exacer- 
bate platelet dysfunction should therefore be avoided. 

Drugs 
An enormous variety of drugs caninterfere with plate- 
let function (George and Shattil, 1991). The most 
commonly used of these is aspirin, which in some 
situations is prescribed precisely for its antiplatelet 
effects, such as in the preventionof thromboembolism 
in feline cardiomyopathy and canine heartworm dis- 
ease. Aspirin inhibits platelet function by irreversibly 
acetylating platelet cyclo-oxygenase, thus preventing 

Cyclo-oxygenase inhibitors 
Aspirin 
Non-steroidal anti-inflamrnatorv drugs I < - I (phenylbutazone, indomethacin, ibuprofen) I 

Thromboxane synthetase inhibitors (diazoxiben 
c. -c .*. . r r - r u m  
that Increase ~ o n ~ a t ? ? n ~ ~ ~ " c "  I 

I adenosine monophosphate (CAMP) or cyclic I . . 
guanosine  non no phosphate (cGMP) 

Adenylate cyclase or guanylate cyclase activators 
Prostagladm I,, El and D, (CAME') 
Nittic oxide, niQoglycerin, nitroprnsside 

IcGMV 
Phosphodiesterase inhibitors 

Dipyridamole 
Methylxanthines (caffeine, theophylline, 

aminonhvlline'l 

I Diltiazem, nifepidine, verapamil 
Barbiturates (?interfere with agonist-recel: 
binding and prevent increase in cytosolic 

I Antibiotics (penicillin, ampicillin, ticarcillin, 
gentamicin, snlphonamides, cephalothrin. 
cefmetazole, moxalactarn) 

Antihistamines (phenothiazines) 
Plasma expanders [dextran, hetastarch, 
pentastarch) 

Propanolol, isoproterenol 
Anaesthetic agents (procaine, lignocaine, 

Heparin 
Ticlopidine (?interfere with fibrinogen-receptor 
exposure) I Oestrogms, chondroitin sulphatc, carbcnicillin 

Figure 12.13: Drurs rhar r r ~ n  rilrrrfere birh nlareler 
~ k t r o n .  Most oftiese have been reported i n  humans and 
not 111 ammals. 

generation of thromboxane A,, which is needed for 
secretion and aggregation. Other non-steroidal anti- 
inflammatory agents (e.g. phenylbutazone) reversibly 
inhibit cyclo-oxygenase activity. Aspirin is unique, 
however, as its effect lasts for the life span of the 
platelet (7-10 days in the dog). Therefore when using 
aspirin, platelet function is inhibited for at least 7 days 
after drug treatment ceases. Aspirim should be avoided 
as an analgesic in dogs with inherited haemostatic 
disorders such as vWD and haemophilia A. 

Disseminated intravascnlar coagulation 
Disseminatedintravascular coagulation PIC)  is caused 
by the systemic activation o f  thrombi resulting in 
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widespread coagulation, witli resultant microcircula- 
tory thromboembolis~n and ~nultiorgan failure. DIC is 
no; a primary disorder; it is initiated by an underlying 
disease process, typically septicaemia, pancreatitis, 
heat stroke, surgery, viral infections, neoplasia, trans- 
fusion reactions or tissue necrosis. DIC is initiated by 
increased tissue factor expression by lnonocytes and 
endotlielial cells, mediated by cytokines or endotlielial 
cell injury. Some tutnours (e.g. lnucinous adeno- 
carcinoma) and snake venoms can initiate DIC by 
directly activating coagulation factors such as factor 
X. As a result, there is widespread activation of coagu- 
lation, with fibrin deposition and thrombus for~nation. 
Consequently, there is consumption of platelets, 
fibrinogen and coagulation factors with secondary 
fibrinolysis and generation of fibrin (fibrinogen) deg- 
radation products (FDPs). Erythrocytes shear as they 
traverse darnaged blood vessels, producing a 
microangiopathic haelnolytic atlaernia. Clinical signs 
may be related to tissuellypoxia, infarction or haemor- 
rliage. Typically, haemorrhage is attributed to deple- 
tion of platelets and coagulation factors and abnormal 
fibrin polymerization, but there is often concurrent 
platelet dysfunction. Platelet dysfunction is mediated 
by FDPs (especially frag~nents D and E), which have 
a high affinity for platelet membranes and compete 
with fibrinogen for platelet receptors, thus impairing 
aggregation. 

Immune-mediated thron~bocytopenia 
Some dogs with immune-mediated tlirombocytopenia 
(IMT) have ab~ionnal platelet aggregation, which is 
mediated by IgG antibodies (Kristensen et nl., 1994). 
In chronic IMT in liumans, most antibodies are di- 
rected against GPIIb-IIIa and GPIb-IX (McMillan et 
nl., 1987), and studies in dogs by Lewis and Meyers 
(1996) indicatethat, insolne dogs withIMT, there isan 
autoantibody against GPIIb-IIIa. As this glycoprotein 
has an essential role in platelet aggregation, it is not 
surprising that dogs witli IMT have concurre~it platelet 
dysfunction. For unknown reasons, inIMT theclinical 
signs of haemorrhage do not always correlate with the 
platelet count. It may be that tlie cli~iical signs of IMT 
depend on the extent of platelet dysfunction as well as 
the severity of the thrombocytopenia. Further studies 
need to be performed in this area. 

Renal disease 
Mucosal bleeding, reduced platelet retention and a 
prolonged BMBT are features of liatural and experi- 
mental uraelnia in dogs. Tliese abnormalities correlate 
with tlie extent of azotaemia. Platelet aggregation is 
either norlnal or mildly decreased, implicating defec- 
tive adhesion as tlie main haemostatic abnormality 
(Brassard et nl., 1994). The amount and ~nultimeric 
compositio~i of vWf are nor~nal, indicating that the 
adhesion defects are not due to vWf abnormalities 
(Brassard and Meyers, 1994). 

Hepatic disease 
Hepatic disease is often associated with prolonged 
haemorrhage, attributable to a co~nbination of reduced 
synthesis of coagulation factors, DIC and platelet 
dysfunction. Dogs with various types of hepatic dis- 
ease havedefective platelet aggregation in whole blood, 
and display excessive liaemorrhage related to platelet 
dysfunction (Willis et al., 1989). This dysfunction is 
thought to be due to circulati~ig FDPs, increased bile 
acids, altered platelet phospholipids, enhanced nitric 
oxide production (from liyperammonaemia) and in- 
creasedproportio~isof older less active platelets (Bowen 
et nl., 1988; Willis et nl., 1989). 

MANAGEMENT 

Assesstnelit of tlie risk of bleeding in thrombopathias 
is difficult, as none of the platelet function tests 
accurately predicts the likelihood of haemorrhage. 
Tlie BMBT is considered by some to be the best 
indicator of 'in vivo' haelnostatic competence in 
patients with thrombopathias. The BMBT call be 
used as a screening test in animals considered at risk 
of bleeding owing to platelet dysfunction (e.g. dogs 
being treated with aspirin) before invasive surgery. 
Those patients witli a prolonged BMBT are consid- 
ered to be more likely to bleed duri~ig surgery than 
those witli a BMBT within reference intervals. How- 
ever, there have been no studies to determine if a 
prolonged BMBT is associated with increased surgi- 
cal haemorrliage in animals. In a patient witli clinical 
signs referable to platelet dysfunction, suitable pre- 
cautions should be taken before ilivasive surgical 
procedures. These include treatment of the under- 
lying disease in acquired tlirombopathias, cessation 
of drug treatment, attention to strict surgical haemo- 
stasis and platelet transfusions. Ideally, platelet-rich 
plasma or platelet concentrates should be infused, 
however fresh whole blood is the only form of trans- 
fusion therapy readily available to the general practi- 
tioner. This should be used judiciously, and ideally 
all animals should be typed or crossmatched to mini- 
mize transfusion reactions. Infusion therapy in inher- 
ited thrombopathias is only palliative, and if 
liaemorrl~age is severe, euthanasia may be warranted. 
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CHAPTER THIRTEEN 

Disorders of Secondary Haemostasis 

Janet D. Littlewood 

INTRODUCTION 

Second- haemostasis is the process by whichsoluble 
fibrinogen is converted into insoluble fibrin. This 
process occurs on the phospholipid surface of acti- 
vated platelets at the site of vascular injury and stabi- 
lizes the primary haemostatic platelet plug in a 
meshworkof fibrinstrands. The conversion of fibrino- 
gen to fibrin is achieved by the proteolytic action of 
thrombi, which is formed from prothrombin by the 
sequential activation of proteases in conjunction with 
essential cofactors, which together are known as co- 
agulation, or clotting, factors. The term 'coagulation 
cascade' is used to describe this sequential activation, 
with thrombin itself further activating inactive factors 
and thus amplifying the process (Figure 13.1). The 
coagulation cascade can be conveniently considered to 
consist of an extrinsic pathway, an intrinsic pathway 
and a f m l  common pathway, although in vivo the 
intrinsic and extrinsic pathways are not separate but 
interactive. However, as the in vitro tests described 
earlier (see Chapter 10) measure distinct components 
of the clotting process, this concept of two pathways is 
helpful in the classification and investigation of clot- 
ting disorders. 

b .  
XI-XI. 

& I. I 

F i b n n ~ l ~  I -) F i k i n  

&gum 15.1: A s L m p l @ e d s c h e m h e  co 
HMWK high molecular weight kininogen; NCS, negatively 
chargedsurface; Ca+*, calcium; PL, phospholipid; TF, tissue 
factor. 

The extrinsic pathway comprises the activation 
of factor VII (FVII), principally by tissue factor (TF), 
a lipoprotein that is derived from various cell and 
tissue types. Activated F VII and TP with calcium 
ions (Cai+) comprise the 'tissue factor' complex, 
which activates factor X (F X). The intrinsic pathway 
is triggered by negatively charged surfaces, the 
subendothelium in vivo, glass or added activators 
(e.g. kaolin) invitro, followed by sequential protease 
activation, culminating in the production of the 
'tenase' complex, which consists of activated factor 
IX (F IXa), activated cofactor VIII (F VIIIa), phos- 
pholipid and Cat+. The activation of prothrombin 
by F Xa, F Va, phospholipid and Ca" and the subse- 
quent conversion of fibrinogen to fibrin is known as 
the common pathway. 

Inherited disorders of coagulation are usually 
deficiencies of single clotting factors due to genetic 
mutations, although multiple factor defects may 
occur. Acquired disorders of coagulation are generally 
multiple factor deficiencies and may occur in 
conjunction with platelet disorders in the consumptive 
coagulopathies. 

CLINICAL FINDINGS IN 
COAGULOPATHIES 

The manifestation of abnormal bleeding in coagula- 
tion defects is generally similar, irrespective of the 
specific factor defects, but distinct from the clinical 
signs resulting from platelet abnormalities (Figure 
13.2). Animals with coagulopathies often bleed at a 
single site rather than showing widespread haemor- 
rhage. Deep bleeds into soft tissues, joints and body 
cavities are seen, as opposed to mucosal or surface 
bleeding. Soft tissue swelling may indicate the pres- 
ence of haematomata, with lameness and joint swell- 
ing beingfeatures of haemarthroses. Haemothorax and 
haemomediastinum result in dyspnoea and dullness on 
chest percussion, and occ6sionally severe respiratory 
compromise may result from submucosal haemor- 
rhage affecting the trachea and retropharyngeal re- 
gion. Abdominal pain and malaise are the cardinal 
signs of intraperitoneal or visceral haemomhage. 
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Haematomata cormhon 
Often single site of haemorrhage 
Bleeds into body cavities 
Mucosal or d a c e  bleeds m e  
Delayed bleeding or rebleeding 
Venepuncture often uncomplicated 

the coagulation defect can be achieved by the per- 
formance of APTT correction assays, whereby nor- 
mal plasma, aluminium hydroxide-adsorbed plasma 
and normal serum are added to the patient's plasma 
and APTT assays performed (Figure 13.4). Assays of 
specific factors are required to quantify the exact 
nature of the defect. 

Figure 13.2: Typical clinical features of coagulopathies. 

The history of the patient may be helpful in dis- 
criminating between inherited and acquired disorders 
(Figure 13.3). Both inherited andacquired disorders of 
coagulation may be exacerbated by concurrent illness. 
Other historical features of importance include recent 
drug therapy and potential exposure to toxins; these 
have been reviewed by Littlewood (1989, 1992) and 
Couto (1999). 

Figure 13.3: Differentiation of inherited andacquired 
coagulopathies. 

Further investigations 
Primary haemostatic function is normal in uncompli- 
cated coagulation defects, and the buccal mucosal 
bleeding time in patients is usually within the normal 
range (less than5 minutes). During bleeding episodes, 
however, it is not uncommon for the platelet count to 
decrease due to consumption at the site of vessel 
injury, and in cases of disseminated intravascular 
coagulation (DIC), defects of primary and secondary 
hemostasis coexist. 

Laboratory investigation should include the 
screening assays of coagulation: prothrombin time 
(PT), activated partial thromboplastin time (APTT) 
and thrombin clotting time (TCT). Further details of 
these and other tests of haemostasis are covered in 
Chapter 10. Further elucidation of the exact nature of 

MANAGE-WENT OF 
COAGULOPATHIES 

Ideally, patients with defects of coagulation factors 
should be treated by replacement of the missing 
clotting factors. In practice, treatment usually entails 
giving fresh plasma or thawed fresh frozen plasma 
taken from donor dogs or cats. Although there 
are several animal blood banking facilities in 
North America, there is no commercial source of 
blood products in the United Kingdom. However, 
several referral institutions and practices maintain 
donor animals. 

Whole blood transfusions limit the amount of 
clotting factors that can be given and carry the 
accompanying risk of reactions of red cell incompat- 
ibility either after first or, significantly, subsequent 
transfusions (see Chapters 15 and 16). As a guide, 
the aim is to increase the concentration of clotting 
factors in the circulation to at least 25% of normal 
to achieve haemostasis. This can be accomplished 
by infusion of 10-15 ml/kg of normal plasma, 
although significant blood loss may increase the 
requirement for plasma replacement. Infusions 
should be repeated twice daily until haemorrhage is 
controlled and resolving. Broad-spectrum antibiosis 
is indicated as extravasated blood provides an ideal 
medium for bacterial growth. 

Where specific contributory factors or underlying 
diseases are identified, then these must be addressed 
and treated appropriately. In the case of some of the 
inherited coagulopathies, the use of inhibitors of 
fibrinolysis to stabilize fibrinclots atthesiteof vessel 
injury has been found to be of great benefit (AR Giles, 
personalcommunication; JD Littlewood,unpublished 
observations). The author has used tranexamic acid 
(Cyclokapron, Kabi) at a dose rate of 15-20 mg/kg 
orally 2-4 times daily. This dmg is used to control 

I H M W K  
Plplrre 13.4: Correction mmv~ far actrvared uartr~l tlzro~sboulasruz nnle (APTTI. 
~ k ,  prekallikrein: HMWK, hhigkno~ecu~ar wight lnninogen. 
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exrernaI haemorrhage (e.g. dental, prostatic) in 
human haemophilic patients and, owing to the 
risk of tbromboembolio complications, would 
not be used in the management of internal bleeds. 
This risk, however,seem to beminirnalinveterinarJr 
pafient~ probably owing to their enhanced fibrin* 
lytic system compared with that of humans. It 
should be noted that this product is not l i m e d  for 
veteriaary use. 

INHERITED COAGULOPATRUES 

The major features of the most common inherited 
coagulopathies of the dog and cat are summarized in 
Figure 13.5. 

Haemophilii A 
HamophiJia A, also b w n  as 'classic' haemophilia, 
isduetoadeficiency inclottingEdctmVIII~VIII) and 
is the common~stof theinherited coagulopathies. This 
condition is covered in defail in Chapter 14. 

Haemophilia B 
HaemophiliaB is also h w n  as Chrisanas disease. The 
condition is due to .a deficiency in clotting factor M 
(F IX). Like F VIII dei5~iency, this is a sex-linked 
condition, with affected animals being male- and the 
offspring of canier females. The size ~f tk gene on the 
X ehmmmmeisconsiderably smaller than the gene for 
P WO, and the frequency of oocumnw of gene muta- 
tions in populations is proportionately less. Haem- 
philia B is therefore less common than haemophilia A. 

P IX acfs at the same point in the coagulation 
cascadeasFVm (see Figure 13.1), theadivatedforms 
of both proteins contributing to the ' t a m '  complex, 
which activates F X. The clinical &manions of F 
wI and F M deficiency am identical. The inheritance 
pattern is similarly identical. All the daughters of an 
affected male will be obligate carriers of the disease, 
but his sons will he normal. There isa 50% probability 
of the offspring of a carrier female inheriting the 
defwtivechromoaome, and~naveragehalfofher$om 
will be affected and half of her daughters will be 
carriers of the disease. 

.~ ~ 
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Rigure 13.5: Summary offeatures of common inherited coagulopafhies. 
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Because F IX deficiency is a defect of the intrinsic 
pathway, the APTT is prolonged but the PT and TCT 
are normal. The APTT is not corrected by addition of 
adsorbed plasma, and an assay of specific factors 
shows FIX deficiency, which may besevere (less than 
1 % of pooled normal plasma) or moderate (2-10% of 
pooled normal plasma). Mild forms of the disease have 
not been reported in dogs or cats. 

Hae~nophilia B has been reported in 11 breeds of 
dog in the United States (Verlander et al., 1984) and 
more recently the disease has also been described in a 
family of German Shepherd Dogs (Feldman et al., 
1995). In the United Kingdom a moderately severe 
fonn of the disease was identified in a spaniel-cross 
dog (Littlewood et al., 1986). The darn of this dog was 
confirmed as a carrier, with only half of the normal 
plasma activity ofFIX, anda malesibling thathaddied 
at a few weela of age was assumed to have been 
affected also. The dog was successfully maintained as 
a family pet and had only occasional bleeding episodes 
as a result of trauma and subsequent to dental extrac- 
tions. These episodes were managed by plasma trans- 
fusion, and the dog survived to old age. 

At a molecular level the defect has been shown as 
apost-transcriptionaldefect (Highetal., 1987), a point 
mutation (Evans et al., 1989) and, in other cases, 
deletion mutations (Mauser et al., 1996; Brooks et al., 
1997; Gu et nl., 1999), one of which was associated 
wit11 the production of inhibitors against transfused 
canine FIX. Dogs with haemophilia B have been used 
in studies of gene replacement therapy (reviewed by 
Dodds and Womack, 1997), with a recent report of 
long-term FIXexpression (more than 17 months) after 
adeno-associated viral vector gene transfer in dogs 
with llaemophilia B (Herzog et al., 1999). 

Haemophilia B has been reported in British 
shorthaired cats (Dodds, 1984) and Siamese cats (W J 
Dodds, personal communication). A combined defect 
of F IX and F XI1 was described in a litter of Siatnese- 
cross domestic shorthaired kittens (Dillon and 
Boudreaux, 1988). 

Factor X deficiency 
Factor X (Stuart-Power factor) deficiency has been 
reported in a family of American Cocker Spaniels 
(Dodds, 1973) and in a Jack Russell Terrier (Cook et 
al., 1993). The condition has been identified in a 
domestic sl~ortl~aired cat that presented with seizures, 

et 01.; 19-97). ~ ~ t h o u g l l  not confirmed by imaging 
techniques, the neurological abnorlnalities were as- 
sumed to have been the result of intracranial haemor- 
rhage, which is reported in some human infants with 
F X deficiency. 

As F X is a common pathway defect, both PT and 
APTT are prolonged but the TCT is normal. The 
Russell's viper venom test (RVVT), a direct activator 

of FX, is prolonged, and the diagnosis is confirmed by 
specific F X assay. 

The pattern of inheritance in humans is autosomal 
recessive, with either gender being affected with the 
disease. The severity of bleeding episodes in dogs with 
F X deficiency is variable, and severely affected ani- 
mals tend to die young, although moderately affected 
dogs may survive to adulthood. 

Factor XI deficiency 
Factor XI (plasma thromboplastin antecedent) defi- 
ciency presents as a severe and often lethal bleeding 
disorder. The condition has been reported in Springer 
Spaniels and Pyrenean Mountain Dogs (Dodds and 
Kull, 1971; Dodds, 1977) and in Kerry Blue Terriers 
(Knowler et al., 1994). The inheritance pattern is 
autosomal, with F XI activity in homozygotes of less 
than lO%,andoftheorderof25-50% inlleterozygotes, 
the latterbeing asymptomatic. Anacquiredformof the 
condition has been reported in a cat (Feldman et al., 
1983). The APTT is prolonged as this is a defect of the 
intrinsic pathway, but the PT andTCT are normal. The 
diagnosis is confirmed by specific F XI assay. 

Factor VII deficiency 
Deficiency of F VII is well recognized in certain 
families of laboratory Beagles and has also been de- 
scribed in the Alaskan Malamute (Spurling, 1980) and 
a crossbred dog (Macpherson et nl., 1999). The bleed- 
ing tendency isusually mild. Thepatternof inheritance 
is autosomal dominant, but heterozygotes are asymp- 
tomatic. The extrinsic pathway-screening test, the PT, 
is prolorigedin casesofFVIIdeficiency, but the APTT 
and TCT are normal. 

Hypofibrinogenaemia (F I) deficiency 
Deficiencies of fibrinogen are reported occasionally 
and have been ideutified in several dogs by the coagu- 
lation laboratory at the Animal Health Trust, Newmar- 
ket, UK (unpublished observations). One such case 
was a I-year-old male Cocker Spaniel that preseuted 
with a history of recurrent episodes of joint stiffness 
andepistaxis. Thedog was referred forinvestigationof 
respiratory distress. Tachypnoea and pallor were evi- 
dent on clinical examination, together with scleral and 
retinal haemorrhages. Radiographs revealed alveolar 
de~lsitiesduetopulmonaty haemorrhage(Figure 13.6). 
The fibrinogen concentration in this dog was 0.4 g/l 
(normal range 2-4 g/l). The dog subsequently had 
seizures, and lesions consistent with infarcts due to 
cerebrovascular accidents wereidentifiedonmaglletic 
resonance imaging (MRI) scans. 

The PT, APTT and TCT assays were all prolonged 
and plasma fibrinogen concentration was low. The 
acute episode of haemnorrllage was managed by plasma 
transfusion, and low dosesof tranexamic acid (aninhibi- 
tor offibrinolysis) onaprophylactic basis weresuccess- 
ful in minimizing the occurrence of bleeding episodes. 

www.vet4arab.co.cc



Figure 13.6: Factor I 
deficiency 
(hypofibrmnogenaemia): 
lateral and 
dorsovennai chest 
radiographs showing 
an alveolarpafiern 
with air bronchograms 
due to intrapulmowry 
fraemorrhage. 
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Vitamin K-dependent coagulopathy 
A multifactorial vitamin K-dependent coagulopathy 
has been described in the Devon Rex cat. Although 
a complex coagulopathy has been recognized in 
the breed for some time (Evans, 1985), the true nature 
of the condition was elucidated by Maddison et al. 
(1990) in related Devon Rex cats in Australia. The 
condition has also been confirmed in a Devon Rex 
cat (Pigwe 13.7) in the United Kingdom (Littlewood 
el aL, 1995). 

Figure 13.7: VitommK-dependenr cwgulopntfq of Devon 
Rer cats: wrineal bruisrnp andscrotal haemaroma m an 
aflected male catafersu&ery. (Photograph cOuReSy of 
Steve Shaw.) 

Bothautosomalrecessiveand autosomal dominant 
patfern of inheritance of hypofibrinagenaemia have 
been documented, but the recessive condition may be 
a variant of congenital afibrinogenaemia and the domi- 
nant disease m y  actually be heterozygous afibrino- 
genaemia (Pogh and Fogh, 1988). 

Factor X11 deficiency 
Factor XU (Hageman factor) deficiency has been re- 
ported in cats on several occasions (Kier et al., 1980; 
Peterson et al., 1995), and a combined deficiency of 
F VIE and F XII was encountered in a family of 
cats (Littlewood and Evans, 1990) in addition to the 
combined F M and F W deficiencies described 
above (Dillon and Bouclreaux, 1988). Although a 
deficiency ofF XLIresults indramatic prolongationof 
the APTT, it is not associated with a symptomatic 
bleeding tendency and is, in effect, alaboratory ahnor- 
mality. Theimportanceof this was shown inthe family 
of haemophilic cats where the presence of F XI1 
deficiency complicated the identification of kittens 
affected with haernophilia A (Littlewood and Evans, 
1990). The pattem of inheritance is ahtosod,  with 
homozygotes having a severe deficiency of F W 
activity and heterozygotes having about 50% of nor 
ma1 plasma F XI1 activity. 

Clinical signs of this wagulopathy include pro- 
longed haernorrhage after surgery and ttmma, al- 
though the risk of bleeding in an individual cat seems 
to be variable. Cats of both genders are affected. Two- 
to three-fold prolongation of the PT and APTT occurs, 
with reduced activity of all the vitamin K-depeudent 
clottingfactors. FactorsII, =and Xarereduced toless 
than20% of poolednormalplasmainthe cat, andF W 
to less than 50% of normal. Subsequent biochemicaI 
investigations have shown a defect in hepatic vitamin 
K metabolism in affected animals. An autosomal re- 
cessive pattem of inheritance is proposed. 

Giving vitamin K1 (phytomenadione, Konakion, 
Roche; notlicensed for veterinary use) orally at a dose 
rate of 5 mg daily successfully corrects the abnormali- 
ties in clotting factors and controls the bleeding ten- 
dency, and can be given long term. 

The prevalence of the condition in the breed is not 
known, althoughthe PTassay would provide a simple 
screening test to identify affected animals. These cats 
could then be removed from breeding programmes, 
but treated prophylactically with vitamin K1 to pre- 
vent the risk of haemorrbage. .. 

Other inherited coagulopathies 
Other rare inherited disorders of clotting f m r s  are 
occasionally reported (Fogh and Fogh, 1988; Peterson 
et al., 1995; Brooks, 1999) 
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ACQUIRED C O A G U L O P A T H I E S  

Vitamin K-dependent coagulopathies 

Vitamin K antagonisln 
Tlie com~nonest acquired disorder of coagulation is due 
to the depletion of vitamin K-dependent clotting factors 
resulting from the ingestion of cou~narit~ rodenticides, 
which are vitamin K antagonists (see Chapter 14). 

Vitalnin K deficiency 
Vita~ninK isafat-solublevitaminanddeficienciesresult- 
ing in a coagnlopathy are reported in cats secondary to 
maldigestionandmalabsorption conditionssuch as exo- 
crine pancreatic deficiency (Peny et al., 1991), severe 
infiltrative enteritis (Edwards and Russell, 1987) and 
bile duct obstruction (Pederson and Holzworth, 1987). 

Hepatic disease 
The liver is the site of synthesis of many of the plasma 
clotting factors, as well as inhibitors of coagulation, 
and is the site of conversion of the vitamin K-depend- 
entfactors into their active forms. Widespread damage 
to the liver parenchyma may tlius result in deficiencies 
of many clotting factors. In addition, the liver is re- 
spolisible for the re~noval and inactivation of any 
activated clotting factors that may escape from the site 
of vascular injury into the circulation. Both qualitative 
and quantitative alterations in platelets may occur in 
liverdisease. Clinically significanthaemostaticabnor- 
malities tend to be associated wit11 acute insults to the 
liver, although it is considered prudent to check clot- 
ting variables before embarking on surgical interven- 
tion in patients withchronichepaticdisease (Bradylak, 
1988). Defects of coagulation factors have been de- 
scribed in dogs with cirrhosis, similar to those occur- 
ring in human hepatic cirrhosis (Misclike etal., 1998). 

Clinical signs of liver disease such as hepato- 
megaly and anterior abdominal discomfort accom- 
pany the haemorrhagic tendency. Since multiple 
clotting factors are depleted, prolongation of both the 
PT and APTT is seen. If activated clotting factors are 
not cleared from the circulation, intravascular coagu- 
latio~iandaco~~sumptivecoagulopatl~y may result (see 
Chapter 14: Disseminated intravascular coagulation). 
The presence of liver damage and liver dysfunction is 
confirmed by increased concentrations of liver en- 
zymes (alanine aminotransferase, gamma glutamyl 
transferase, alkaline phosphatase) and bile acids. Jaun- 
dice (hyperbilirnbinaemia) may be evident. 

Treatment is primarily supportive, and the progno- 
sis depends on the nature and reversibility of the 
hepatic disease. 

Disseminated in t r avascu la r  coagulat ion 
The diagnostically and therapeutically challenging 
condition of disseminated ilitravascular coagulation is 
characterized by widespread intravascular coagula- 
tion and ongoing fibrinolysis. This results in the 

consu~nptio~~ of botli platelets and clotting factors, 
together with the activation of fibrinolysis, depletion 
ofnaturalinhibitorsofcoagulatio~~suchasantitlirombin 
III (ATIII) and release of substances that interfere witli 
fibrin polymerization. Affected animals tlius present 
with a bleeding tendency due to defects in primary, 
secondary and tertiary haemostasis. The condition, 
predisposing factors, diagnosis and management are 
covered fully in Chapter 14. 

Ci rcula t ing  inhibitors of clot t ing factors 

Heparin 
Caninemastcellscontainsignificantamountsofheparin, 
the pliysiological inhibitor of coagulation. Some ani- 
mals withmast cell tumours may release heparin into the 
circulation resulting in a haemorrhagic tendency. 

Heparin, in co~~junction witli ATIII, primarily 
inhibits activated F X but also other plasma proteases. 
Prolongation of botli PT and APTT is seen, and addi- 
tion of liorlnal plasma to patient plasma fails to correct 
the clotting times. The bleeding tendency can be man- 
aged by plasma transfusion, but the prognosis relates to 
that of thc underlying malignancy. 

Antibodies to clot t ing factors 

Lupus anticoagulant 
A lupus-type anticoagulant, which in humans is due to 
the presence of circulating autoantibodies directed 
against phospholipids, has been reported in one dog 
with thromboembolic disease (Stone et al., 1994). 
Although coagulation tests show a defect in the intrin- 
sic pathway, with prolongation of the APTT, patients 
are at risk of tl~ro~nbotic disease rather than abnormal 
bleeding. The dog described with this condition had 
pulmonary thromboembolism and immune-mediated 
haemolytic anaemia. 

Factor VIII inhibitors 
Acquired inhibitors to FVIII are present in 6% of human 
patients with haemophilia A in the United Kingdom, 
with 12% of severely affected haemophiliacs having 
inhibitors (Rizza, 1984). Similar spontaneous inhibitor 
(antibody) formation has been documented in haemo- 
philic dogs transfused with dog F VIII (Giles et al., 
1984; Pijnappels et al., 1986). In addition, antibodies to 
heterologous F VlII, which cross react with canine 
F VIU, have been described in haemophilic dogs that 
have received human and/or pig F VIII concentrates 
(LittlewoodandBarrowcliffe, 1987; Littlewood, 1988). 

Antoantibodies to F VIII may develop in human 
patients, resulting in acquired haemophilia A. 
A circnlating inhibitor to F VIE, presumed to be an 
antibody, has been identified in the plasma from a dog 
witli a liaemorrhagic diathesis at the Animal Health 
Trust, Newmarket, UnitedKingdom (unpublishedob- 
servations). 
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I 
Factor XI inhibitor 
An a c q u i r e d  c o a g u l o p a t h y  has been described in a cat 
due to the development of inhibitors against F XI 
(Feldman ct al., 1983). 
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CHAPTER FOURTEEN 

(i) Immune-Mediated Thrombocytopenia 

David C. Lewis 

INTRODUCTION 

Immune-mediated thrombocytopenia (IMT) is a dis- 
ease in which antibodies bound to the surface of 
platelets result in premature platelet destruction by 
macrophages (Mackin 1995a; Lewis and Meyers, 
1996a). IMT may occur alone or in association with 
systemic lupus erythematosus (SLE); rheumatoid ar- 
thritis; neoplasia; viral, bacterial, rickettsia1 or para- 
sitic infections; or drug administration (Helfand et al., 
1985; Axthelm and Krakowka, 1987; Chong, 1991; 
Kristensen et al., 1994; Lewis etal., 1995b). In cats, 
IMT can occur in association with feline leukaemia 
virus (FeLV) or feline immunodeficiency virus WV) 
infection (Shelton et al., 1990). IMT in the absence of 
otheridentifiable disease is referred to as primary IMT 
or idiopathic thrombocytopenic purpura (also called 
ITP). Primary IMT is an autoimmune disease and the 
term autoimmune thrombocytopenia (AITP) is also 
used to describe this disease (Lewis and Meyers, 
1996b). Primary IMT may occur alone or in conjunc- 
tion with immune-mediated haemolytic anaemia 
(IMHA; Evans' syndrome). 

Primary IMT is common in dogs and the preva- 
lence may approach as high as 1% of hospitalized 
patients (Cockburn and Troy, 1986; Jans et al., 1990; 
Grindemetal., 1991). Primary IMT has been reported 
in cats, but is rare (Jordan et al., 1993). 

PATHOGENESIS 

Platelet destruction in dogs with IMT is mediated 
by antibodies (primarily IgG) bound to the platelet 
surface (Figure 14.1) (Lewis et al., 1995d); in 
primary TMT these antibodies are thought to be 
directed against normal host antigens on the surface 
of the platelet (antiplatelet autoantibodies) (Lewis 
and Meyers, 1996b). The pathogenesis of most sec- 
ondary causes of IMT is unknown. It is not known 
why the humoral immune system targets host platelet 
antigens in dogs with primary IMT, but genetic 
predisposition, gender and environmental factors 
(including infectious agents, pollutants and stress) 
may all play a part. 

thrombocytopenia. Antibodies (primarily IgGj bound to the 
surface ofplatelets result in acceleratedplatelet destruction 
by macrophages in the spleen and liver. Reproducedfrom 
Feldman, Zinkl and Jain (2000) Schalm's Veterinary 
Hematology, 5th edition, with permission of Lippincon, 
Williams and Wilkns. 

Genetic predisposition to primary IMT in dogs is 
suggested by a high prevalence of the disease in 
Cocker Spaniels, miniature and toy Poodles and Old 
English Sheepdogs, and reports of primary IMT in 
families of Cocker Spaniels, Hungarian Vizslas, Scot- 
tishTerriers andlonghairedDachshunds @odds, 1983; 
Grindemetal., 1991; Day and Penhale, 1992; Lewis et 
al., 1995d). 

Gender (female) predilection to many autoimmune 
diseases is recognized, and primary IMT occurs in 
females aroundtwiceas frequently asinmales (Wilkins 
etal., 1973; WilliamsandMaggio-Price, 1984; Jackson 
andKmth, 1985;Lewisetal., 1995d). Causeandeffect 
associations between envuonmental factors and pri- 
mary IMT in dogs have not been defied. 

IMT is primarily a disorder of accelerated platelet 
destruction. Average platelet life span in dogs is about 
5 days; in primary IMT platelet life span is reduced to 
hours or minutes (Shulman and Jordan, 1987). Platelet 
production (thrombopoiesis) is usually appropriately 
accelerated (as muchasfse times normal) although in 
some cases, thrombopoiesis may be impaired (Joshi 
and Jain, 1977; Ballem et al., 1987). After Fc receptor 
interaction, platelets are destroyed by macrophages in 
the spleen and liver (Figure 14.2). In addition to being 
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Figure 14.2: Splenzc aspzratefrom a dog with primary 
immune-med~ated thrombocytopenza and immme-mediated 
haemolyhc anaemia, showzng a macrophage phagocytos~ng 
rwo nlatelets and a red cell The other nucleated cells present 
are red cell precursors. Reproducedfrom Feldman, Zmkl 
and Jain (2000) Schalm's Veterinary Hematology, 5th 
edition, wlthpermission of Llppzncotf, Williams and Wilkinr. 

a major site of platelet destrnctionin primary IMT, the 
spleen is an important source of antiplatelet 
autoantibodies (McMillan et al., 1974). 

Platelet function in primary IMT is usually en- 
hanced (Harker and Slichter, 1972), owing to acceler- 
ated thromhopoiesis producing a larger and more 
haemostatically competent platelet population, al- 
though platelet function may be impaired in some 
cases (Kristensen et al., 1994). 

CLINICAL FEATURES 

Signalment 
Primary IMT can occur in dogs of all ages (the reported 
age rangeis 8 months to 15 years), but ismost common 
in middle-aged dogs (Wilkins et al., 1973; Williams 
and Maggio-Price, 1984; Lewis et al., 1995d). Fe- 
males, spayed or intact, are affected twice as fre- 
quently as males (Wilkins et al., 1973; Williams and 
Maggio-Price, 1984; Jackson and Kruth, 1985; Lewis 
et al., 1995d). A high prevalence of primary IMT is 
reported in Cocker Spaniels; German Shepherd Dogs; 
miniature, toy, and standard Poodles; and Old English 
Sheepdogs, althoughany breed of dog, including cross- 
breeds, can be affected (Dodds, 1983; Grindem et al., 
1991; Day and Penhale, 1992; Lewis et al., I995d). 
Primary IMT has been reported in cats, but is rare 
(Jordan et al., 1993). 

History 
Themostfrequently reported complaints withIMTare 
anorexia,lethargy, weakness, epistaxis,haematochezia 
and mucosal haemorrhage (Jacksonand Kruth, 1985). 
Episodes of primary IMT have been preceded by 
stressors such as kennelling, extremes of environmen- 
tal temperature, hormonal changes (oesttns, pseudo- 

cyesis, parturition) and surgery (Dodds, 1983; Jackson 
and Kruth, 1985). A seasonal distribution has not been 
reported. 

Physical examination 
Frequent findings in IMT are mucosal and cutaneous 
petechiae, purpwa, ecchymoses, hyphaema, retinal 
haemorrhages, melaena, haematemesis, epistaxis and 
pallor ofthe mucousmembranes (Wilkins et al., 1973; 
Williams and Maggio-Price, 1984; Feldman et al., 
1985; JacksonandKruth, 1985) (Figures 14.3 to 14.6). 
Central nervous system or intraocular haemorrhage 
can lead to neurological signs or blindness, respec- 
tively. The degree of haemorrhage for any given plate- 
let count isunpredictable. Dogs with primary IMTmay 
have a platelet count of less than 10 x 109/1 without 
evidence of haemorrhage. Fever, splenomegaly, hepato- 
megaly- and lymphadenopathy are uncommon in dogs 
with primary IMT (Wilkins et al., 1973; Williams and 
Maggio-Price, 1984; Feldman et al., 1985; Jackson 
and Kruth, 1985). 

Figure 14.3: Petechzal haemorrhages in the skzn aver the 
carpus of a West Highland Whrte Terrier wlfh pnmafy 
~mmune-medzated thrombocytopenia. 

Figure 14.4: Hyphaema in a Rottweiler with prlmary 
~mmune-mediated tkrombocytopenza Blindness can be the 
presenting complarnt in dogs wzth intraocular haemorrhage 
due to thrombocytopenia. Reproducedfrom Feldman, Zznkl 
and Jain (2000) Sehalm's Veterinary Hematology, 5th 
edition, w ~ f h  permisszon of Lippmcan, Wilhams and Wzlkzns. 
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Figure 14.5: Irispetechiae in a dog w ~ f h  primary immune- 
mediated fhrontbocvtouenia. Reuroduced from Feldman, 

Figure 14.6: Retinalpetechiae in a dog with primary 
immu~te-mediated thrornbocytopenia. 

DIAGNOSIS 

Complete blood count and platelet count 
Dogs with primary IMT usually have marked throm- 
bocytopenia (<30 x 109/1) on presentation (Wilkins et 
aL, 1973; Williams andMaggio-Price, 1984; Grindem 
et al., 1991; Northern and Tvedten, 1992). Examina- 
tion of a peripheral blood smear is a reliable way to 
assess the presence of thtombocytopenia, although a 
platelet countisnecessary to quantify itsseverity (Jain, 
1993). Megathrombocytes (largedensely stainedplate- 
lets suggestive of active thtombopoiesis) and 
microthrombocytes may be seen on peripheral blood 
smeats from dogs with IMT (Sullivan et al., 1995). 

Total and differential leucocyte counts arevariable 
in dogs with lTP. Neutrophilia with a left shift may he 
present owing to non-specific bone matrow response 
to thrombocytopenia or anaemia or owing to chemo- 
tactic activity of platelet-activating factor or leuko- 
trienes (Joshi and Jain, 1976; Williams and 
Maggio-Price, 1984). A stress leucogranl may be evi- 
dent (Wilkins et al., 1973; Joshi and 1976). 
Anaemia, due to haemorrhage or concurrent IMHA, 
may he present and may be regenerative or non- 

regenerative depending on the time course of red cell 
loss and the presence of immunological targeting of 
redcellprecursors. Immune-mediatedhaemolytic anae- 
miaisrepottedinabout 20% of dogs withprimary IMT 
(Williins et al., 1973; Williams and Maggio-Price, 
1984; Jackson and Kruth, 1985). 

A variety of criteria have been used to confirm a 
diagnosis of primary IMT in dogs, including: 

- Severity of thromhocytopenia 
Presence of microthrombocytosis 
Normal to increased numbers of megakaryocytes 
in bone marrow 
Detection of antiplatelet autoantibodies 
Increased platelet counts subsequent to 
administration of immunosuppressive doses of 
glucocorticoids 
Exclusion of other causes of thrombocytopenia. 

Severity of thrombocytopenia 
Althoughthrombocytopeniaindogswithprimaty IMT 
is typically severe, thtombocytopenia associated with 
other diseases (e.g. disseminated intravascular coagu- 
lation, rickettsialinfection) can also be marked (Wad- 
dle and Littman, 1988; Harvey, 1990). The degree of 
thrombocytopenia cannot alone be considered a de- 
pendable diagnostic indicator of primary IMT. 

Microthrombocytosis 
Microthtombocytosis, the presence of a predominant 
population of small platelets, is reported to be a spe- 
cific indicator of primary IMT in dogs (specificity 
95%) but is detectedinless than 50% of cases (North- 
em and Tvedten, 1992). 

Microduombocytosis may result from preferential 
destructionof largermoreheavily IgG-semitizedplate- 
lets by macrophages or complement, or platelet frag- 
mentation after immune injury. Although 
microthtombocytosis may increase diagnostic suspi- 
cion for IMT in dogs, it is unlikely to be helpful in 
differentiatingprimary fromsecondary causes ofIMT. 

Bone marrow evaluation 
The value of bone marrow evaluation in dogs with 
primary IMT is equivocal. Bone marrow disease is 
unlikely in the absence of lewopenia, non-regenera- 
tive anaemia or abnormal blood cell morphology, and 
bone mmow evaluation is therefore not routinely 
indicated in dogs with thtombocytopenia (Jones and 
Boyko, 1985; Jain, 1993). The presence of normal to 
increased numbers of bone marrow megakaryocytes 
may suggest that thomhocytopenia is due to acceler- 
ated platelet desttnction or utilization, but this find- 
ing is not specific for Primary IMT (Jain, 1993) 
(Figure 14.7). Futthermore, some dogs with primary 
IMT may have decreased numbers of bone marrow 
megakaryocytes owing to failure of bone marrow 
samples to provide a representative sample of bone 
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Fieure 14.7: Bone marrow aspirate from a dox with 
primary IMT. Bone marrow i~hype~cellular with 
increased numbers of megakaryocytes, an appropriate 
thrombopoietic response to acceleratedperipheral 
platelet destruction or utilization. 

marrow or owing to immunological targeting of 
megakaryocytes (Joshi and Jain, 1976; Williams 
and Maggio-Price, 1984). One study reported that 
dogs with primary IMT and decreased numbers of 
bone marrow megakaryocytes hadapoorerprognosis 
(Williams and Maggio-Price, 1984). Thrombocyto- 
penia is not a contraindication for bone marrow 
aspiration or core biopsy, as severe haemorrhage is 
unusual and can be readily controlled with local 
pressure. 

Measurement of mean platelet volume (MPV) can 
also be used to gauge the adequacy of platelet produc- 
tion. Increased MPV is a sensitive and specific indica- 
tor of the adequacy of bone marrow response in dogs 
with thrombocytopenia (Sullivan et al., 1995). 

Detection of antiplatelet autoantibodies 
A variety of tests have been used to detect serum 
antiplatelet antibodies in dogs with tbrombocyto- 
penia. These antibodies are usually of the IgG class 
and may be referred to as 'platelet-bindable IgG.' 
Tests for the detection of IgG bound to the dog's own 
megakaryocytes or platelets ('platelet-bound IgG') 
have also been reported. It is important to realize that 
none of these tests enable dogs with primary IMT to 
be distinguished from dogs with secondary IMT. 

Platelet factor 3 test 
The platelet factor 3 (PF3) test is based onthe principle 
that normal canine platelets will be damaged by plate- 
let-bindable IgG in the plasma sample being testedand 
release PF3, causing acceleration of the partial thorn- 
boplastin time (Jain and Kono, 1970). Unfortunately, 
the PF3 testhas variable sensitivity (from 28% to 80%) 
in dogs with primary IMT, lacks specificity and is of 
little diagnostic use in evaluating patients with throm- 
bocytopenia (Jain and Kono, 1970; Wilkins et al., 
1973; Joshi and Jain, 1976; Williams and Maggio- 
Price, 1984). 

Megakaryocyte direct immunofluorescence test 
The megakaryoctye direct immunofluorescence test 
detects IgG bound to megakaryocytes and has variable 
sensitivity (from 30% to 80%) in dogs with primary 
IMT (Joshi and Jain, 1976; Jackson and K ~ t h ,  1985; 
Kristensen et al., 1994). A major disadvantage is that 
ahonemarrow aspirateisrequiredand this is otherwise 
not routinely necessary in patients with thrombocyto- 
penia. 

Detection of platelet-bound IgG 
Detectionof increased concentrations of platelet-bound 
IgG is extremely sensitive (about 90%) for primary 
IMT (Lewis et al., 1995d) (Figure 14.8). Because of 
the high sensitivity of tests for platelet-bound IgG, a 
diagnosis of primary IMT is unlikely if the test result 
is negative. A positive test result for platelet-bound 
IgG in dogs with thrombocytopenia implicates an 
immunepathogenesis for thrombocytopenia but is not 
specific for primary IMT. Positive test results for 
platelet-bound IgG have been reported in dogs with 
tbrombocytopeniaassociatedwith SLE, Ehrlichia can& 
infection, dirofilariasis, sulphadiazine/trimethoprim 
administration and cancer (lymphoproliferative dis- 
ease and haemangiosarcoma) (Lewis et al., 1995c,d). 

Figure 14.8: Detection ofplarelef-hound IgG byflow 
cytometry. Platelets from affected dogs are washed, 
tncubated w~rhfluorescem-conjugated anti-dog IgG, washed 
again, and analysed forfluorescence byflow cytometry. 

Detection of platelet-bindable IgG in serum 
Tests for platelet-biidable IgG are less sensitive (ap- 
proximate sensitivity 60%) than tests for platelet- 
bound IgG, probably because most platelet-bindable 
IgG is already bound to platelets and little remains free 
in the circulation. However, these tests may be helpful 
in those cases in which sufficient numbers of platelets 
cannot be isolatedfor testing. A positive test result for 
platelet-bindable IgG is not specific for primary IMT 
(Kristensen et al., 1994; Lewis et al., 199%). 

Flow cytometry assays for detecting platelet-bound 
IgG and platelet-bmdable IgG in serum are presently 
available to practitioners in the United States to assist 
in evaluating dogs with thrombocytopenia (Lewis et 
al., 199%). 
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Response to glucocorticoid therapy 
Most (about 70%) of dogs with ITP will have platelet 
counts greater than 100 x 109/1 within 7 days of initiat- 
ing immunosuppressive glucocorticoid treatment 
(WilliamsandMaggio-Price, 1984; JacksonandKruth, 
1985; Jans etnl., 1990). However, because theprinci- 
pal action of glucocorticoids is to impair macrophage 
phagocytosis of antibody-sensitizedplatelets, primary 
and secondary IMTs may respond similarly. 

Exclusion of other causes of 
thrombocytopenia 
Although patient signalment, history, clinical findings 
and laboratory tests are helpful in increasing diagnostic 
suspicion, none is specific for primary IMT. Ultimately 
a diagnosis of ITP is made by excluding other causes of 
thrombocytopenia, although absolute certainty of a di- 
agnosis of ITP is unattainable. Other causes of thrombo- 
cytopenia need to be excluded to reduce diagnostic 
uncertainty enough to enable the clinician to make opti- 
mal and timely decisions about treatment. The degree to 
which other causes of tluombocytopenia must, or can, 
be excluded vanes with each patient and each client. 

Splenoll~egaly 
Thrombocytopenia due to splenomegaly is mild (not 
less than 100 x 109/1), which enables it to be easily 
distinguished from primary IMT (Jain, 1993). Spleno- 
megaly is unusual in dogs with primary IMT. 

Disseminated intravascular coagulation 
Tluombocytopenia is a frequent finding in dogs with 
disseminated intravascularcoagulation P I C )  (Feldman 
et al., 1981). The absence of overt signs of illness in 
dogs with thrombocytopenia makes DIC unlikely. 
Evaluation of a coagulation profile, including pro- 
thrombin time, partial thromboplastin time, fibrin deg- 
radation products, antithrombin 111 concentrations and 
evaluation of a peripheral blood smear for schistocytes 
enable most cases of DIC to be diagnosed. 

Haemolytic uraemic syndrome (HUS) 
Haelnolytic uraemic syndrome (HUS), a disorder of 
platelet hyperaggregability with intravascular platelet 
thrombi and widespread tissue ischaemia, has been 
reported in dogs (Holloway and Senior, 1993; Hertzke 
et al., 1995). Clinical and laboratory findings in HUS, 
including neurological signs, renal failure, 
microangiopathic haemolytic anaemia (schistocyto- 
sis), thrombocytopenia and fever, make it distinguish- 
able from primary IMT. 

Anticoagulant rodenticide toxicity 
Moderatetosevere thto~nbocytopeniahas beendescribed 
in some dogs with haemorrhage subsequent to ingestion 
of anticoagulant rodenticide toxins newis etal., 1995a). 
Bleeding manifestations typical of secondary haemo- 
static disorders andabnormal coagulation profiles enable 
differentiation from dogs with primary IMT. 

Neoplasia 
Tl~rombocytopenia is frequently associated with neo- 
plasia in dogs, particularly lymphoproliferative neo- 
plasia and haemangiosarcoma (Helfand et nl., 1985; 
Grindem et al., 1994), but can occur with a variety of 
solid neoplasms. Mechanisms for thrombocytopenia 
associated with neoplasia includeDIC; splenic seques- 
tration; myelophthisis; IMT; and bone marrow sup- 
pression by chemotherapy, radiation therapy or 
hlmour-elaborated oestrogens. IMTis welldocumented 
in dogs with lymphoproliferative and solid neoplasia 
and may precede the discovery of neoplasia (Helfand 
et al., 1985). 

Systemic lupus erythematosus 
IMT may be a component of SLE in dogs. Other 
clinical and laboratory manifestations of SLE, such as 
polyarthritis, dermatitis, polymyositis, glomerulone- 
pluitis, neutropenia, IMHA, lupus erythematosus cells 
and antinuclear antibodies would enable a diagnosis of 
ITP to be excluded (Scott et nl., 1983). 

Drug-associated IMT 
The gold salt auranofin, cephalosporins, and 
trimethoprim/sulphonamide have been associated with 
IMT in dogs (Bloom et nl., 1985, 1988; Lewis et al., 
1995d). Any drug can potentially provokeIMT. Drug- 
induced IMT usually develops after weeks to months 
of therapy, resolves within 2 weeks of cessation of 
administration of the drug and does not recur; hence it 
should be readily distinguishable from primary IMT 
(Chong, 1991). Any unnecessary medications should 
be discontinued in dogs with IMT. 

Infectious disease 
In North America, infectious diseases are reported to 
account for 20-60% of dogs with thrombocytopenia 
(Cockburn and Troy, 1986; Grindem et nl., 1991). 
Ehrlichiosis, Rocky Mountain spotted fever and 
dirofilariasis are frequently diagnosed infectious causes 
of thrombocytopenia in dogs (Cockburn and Troy, 
1986; Grindemetal., 1991). Mildthrombocytopeniais 
a frequent occurrence subsequent to modified live 
distemper vaccination (McAnulty and Rudd, 1985). 
Immune-mediated platelet destruction may contribute 
to thrombocytopenia in dogs infected with Elwlichin 
cnrzis, Bnbesia cnnis, Dirofilnrin inzmitis or distemper 
v in~s  (Axthelm and Krakowka, 1987; Lewis et al., 
1995d; Waner et nl., 1995). 

Spurious throll~bocytopenia 
Spurious thrombocytopenia is a consideration in dogs 
with asymptomatic thrombocytopenia. Causes of spu- 
rious thrombocytopenia include platelet clumping 
owing to poor sampling technique, eythelenediamine 
tetra-acetic acid (EDTA)-induced platelet clumping 
and exclusion of large or small platelets owing to 
inappropriate machine settings or calibration (Jain, 
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1993). Macrothrombocytosisin CavalierKing Charles 
Spaniels can result in spurious tbrombocytopenia 
(Brown etal., 1994). Abnormal platelet counts should 
always be verified by examination of a peripheral 
blood smear. 

Breed-related thrombocytopenia 
Greyhounds, Cavalier Kmg Charles Spaniels and Shiba 
Inus may normally have lower platelet counts than 
dogsof otherbreeds (Ekselletal., 1994; Sullivaneral., 
1994; Smedile et d., 1997; Gookin et al., 1998). 

TREATMENT 

Supportive care 
Cage rest and minimization of trauma are important. 
Drugs and fluids should be given enterally if feasible; 
the intravenous route is otherwise preferred. 

Transfusion therapy 
Lie-threatening haemorrhage is uncommon in dogs 
with primary IMT (Wilkins et al., 1973; William and 
Maggio-Price, 1984). Hypovolaemia or anaemiashonld 
be treated by administration of crystalloid or colloid 
solutions, packed red cells or whole blood. Platelet 
transfusions in dogs withIMT are rarely necessary but 
are indicated in dogs with central nervous system 
haemorrhage (dogs with severe t b r ~ m b ~ ~ y t o p e ~ a  and 
sudden onset of neurological signs) to control bleeding 
until platelet numbers are able to be increased by other 
therapies (Figure 14.9). In this circumstance, trans- 
fusion of multiple units of platelets is necessary be- 
cause transfused platelets are destroyed rapidly (Carr 
et al., 1986). The inaccessibility of platelet compo- 
nents makes this therapy impractical for most 
veterinarians. 

Glucocorticoids 
Glucocorticoids are the initial therapy of choice for 
dogs with ITP. The initial beneficial effect of 
glucocorticoids in dogs with IMT is primarily inhibi- 
tion of macrophage destrnction of antibody-sensitized 
platelets (Branehog and Weinfeld, 1974). Autoantibody 
production may also be impaired. Glucocorticoids also 
increase capillary resistance to haemorrhage, often 
reducing the severity of haemorrhage before platelet 
counts increase (Freund et al., 1983). Glucocorticoids 
may also stimulate plateletproductioninsome patients 
with IMT (Gernsheimer et al., 1989). 

Prednisolone or prednisone (2 mg/kg orally every 
12 hours) is the most frequently used immunosuppres- 
sive agent for the treatment of IMT (Wilkins et al., 
1973; William and Maggio-Price, 1984; Feldman et 
al., 1985; JacksonandKruth, 1985; Jans et al., 19901, 
although some clinicians favour dexamethasone (0.1- 
0.6mg/kgevery24hours) @odds, 1983; Williams and 
Maggio-Price, 1984). Most dogs with primary IMT 
attain a platelet count greater than 100 x 109/1 witbin 7 
daysof commencing glucocorticoidtherapy (Williams 
and Maggio-Price, 1984; Jackson and Kmth, 1985; 
Jans et al., 1990). Initial glncocorticoidtherapy should 
ideally be continued until the platelet count normal- 
izes, although this may not be achievable insome dogs, 
followed by tapering of the dose over weeks to months 
to Fmdtheminimaleffective maintenance dose. Taper- 
ing too rapidly may cause disease exacerbation. Giv- 
ing prednisone on alternate days during dose tapering 
may cause less hypothalamic-pituitary-adrenal axis 
suppression than giving dexamethasone on alternate 
days. Platelet counts should he monitored frequently 
while tapering glucococticoid therapy, and glucocorti- 
coid tapering should continue as long as the platelet 
count does not decline below the reference range. In 
many cases, glucocortico~ds can be discontinued once 
the disease is in remission. 

' LZU" '"7. "11'UL'U'L'U' I I U C I I I Y I I I I U ~ T ,  l V l ' l L l l  bUWL"  IUYLU 

onset o f  altered mentatton and seizures in this dog with 

Adjunctive treatments 
A variety of additional treatments, including cyclo- 
phosphamide, azathioprine, vincristine, danazol, 
cyclosporin, humanimmunoglobulinandsplenectomy, 
have been used in conjunction with glucocorticoids to 
treat dogs with primary IMT. These treatments are 
generally reserved for dogs failing to respond to 
glucocorticoids, those with recurrent disease or those 
experiencingunacceptable glucocorticoid-induced ad- 
verse effects. 

I Vincristine 
Vincristine given to dogs with primary IMT results in 
prompt (witbin 1 week) increases in platelet numbers 
(Greeneetal.. 1982:Helfandetal.. 1984). Onemecha- 

immune-mediated thr~mbocyto~enia, may occur with severe Asm of action of vicristine is to dimini~hphagocyto- 
thrombocytopenia and isfrequently fatal. Reproducedfrom 
Feldman, Zi~zkl and Jain (2000) Schalm's Veterinary sis of platelets by macrophages by impairing 
Hematology, 5th edition, with permission of Lippincon, macrophage microtubule assembly. To accentuate tar- 
Williams and Wilkins. geting of macropbages, vincristine can be incubated 
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with hotnologous platelets in vitro (vincristine-loaded 
platelets) or infused intravenously over 6-8 hours to 
achieve in vivo platelet uptake (Ahn et nl., 1984; 
Helfat~d et nl., 1984). Vincristine may also increase 
platelet counts by stimulating thrombopoiesis (Mackin 
et nl., 1995). Vincristinecan haveinhibitory effects on 
plateletfui~ctionvia disruptionof platelet microtubules, 
however this has not been shown to be clinically 
important (Mackin et nl., 1995). 

Cyclophosphamide 
Although the role of cyclophosphamide as an im- 
munosuppressive agent has been questioned, based on 
its inability to impair lymphocyte mitogenesis in nor- 
inal dogs (Ogilvie etal., 1988), it is frequently used for 
treating dogs with primary IMT. Cyclophosphainide is 
given orally or intravenously, in conjunctioil with 
glucocorticoids, at a dose of 200 mg/m2 each week 
until an adequate response is attained. In hu~nans with 
primary IMT, an adequate response inay take 1 to 16 
weeks (Reiner etnl., 1995). Theefficacy of cyclophos- 
phamidein dogs with primary IMTisnot documented. 

Azathioprine 
Azathioprine is given (2 mg/kg orally) once daily 
initially and, once the desired clinical response is 
obtained, tapered in tandem with glucocorticoids to a 
maintenance dose of 0.5 to 1 mg/kg every 48 hours 
(Ogilvie et nl., 1988). An adequate response may take 
as long as 6 to 16 week. in human patients (Quiquandon 
etal., 1990). The efficacy of azathioprine in dogs with 
primary IMT is not documented. 

Splenectomy 
In Inimans witb primary IMT, splenectoiny results in a 
higher cure rate than any medical regimen and is per- 
formed early in the course of disease if glucocorticoids 
do not result in long-term remission. In dogs with 
primary IMT, splenectoiny is reserved for those dogs 
that fail to respond to, or relapse after medical therapy. 
Rates of remission of clinical disease in dogs with 
primary IMT subsequent to splenectomy vary from 0% 
(014) to 80% (419, with a mean response rate of about 
25 % (Williams andMaggio-Price, 1984; Feldman etal., 
1985; Jackson and Kruth, 1985; Jans et nl., 1990). 

Danazol 
Danazol, a synthetic androgen with low capacity for 
masculinization, reduces the number of Fc receptors on 
macrophages and may act synergistically with 
glucocorticoids by displacing thein from glucocorti- 
coid-binding globulin. Doculnentation of danazol treat- 
ment of dogs with primary IMT is limited. Two dogs 
with primary IMT refractory to prednisone (1 mg/kg 
orally every 12 hours) had platelet counts higlier than 
100 x 109/1 within 1 to 2 weeks of starting danazol (5 
mg/kg orally every 12 hours) in conjunction with pred- 
nisone (Bloom et al., 1989; Roseler and Mason, 1994). 

Cyclosporin 
Cyclospori~l inhibits T lymphocytes by inhibiting cal- 
cium-dependent transcription of interleukin-:! (IL-2). 
Experience wit11 cyclosporin is limited; there is one 
preliminary report of cyclosporin treatment of dogs 
with primary IMT. Cyclosporin (15-30 mdkg daily, 
to rnaintain trough blood concentrations of 400-600 
ngJml), in addition to other iinmui~osuppressive thera- 
pies, was given to four dogs with ITP refractory to 
glucocorticoids. Three dogs achieved normal platelet 
counts after 3-5 weeks; one of these dogs died froin 
systemic aspergillosis (Cook et nl., 1994). 

Human im~nunoglobulin 
Platelet count increases in humans with primary IMT 
subsequent to intravenous administration of lminan 
i~nmunoglobulin (IVIG) are more rapid than platelet 
responses to oral prednisone therapy, and IVIG is 
frequently used as emergency therapy in humans with 
primary IMT (Blanchette et al., 1992). Human IVIG 
binds to dog monoi~uclear cells and can modulate 
immune responses in dogs (Scott-Moncrieff et nl., 
1995). Onedog withIMHAand IMThad resolutionof 
thrombocytopenia subsequent to IVIG therapy (Scott- 
Moncrieff et al., 1995). Human IVIG is presently 
undergoing trials in dogs with ITP and/or IMHA. 

Although the rationale for the use of vincristine, 
cyclophosphamide, azathioprine, danazol, cyclosporin, 
IVIG and splenectomy in the treatment of dogs with 
primary IMT may be valid, the proclaimed efficacy of 
these treatments is based largely on subjective clinical 
impressions. Until appropriately controlled clinical 
trials test the efficacy and place of these treatments in 
the rnanageinent of dogs witb primary IMT, clinicians 
should use the therapies with which they have most 
experience. 

Goals of treatment 
The goal of treatment in dogs with prirnary IMT is to 
withdraw all therapy whileinaintaining diseasereinis- 
sion. This may not be attainable in all cases, and some 
dogs require long-term immunosuppressive therapy to 
maintain remission. Maintenance of a normal platelet 
count in the absence of therapy is thestatus most likely 
to be associated with iinmunological absolution. Dogs 
with lower platelet counts (partial remission) are more 
likely to be in a compensated thrombocytolytic state, 
maintaining platelet numbers in the face of accelerated 
platelet destruction. 

PROGNOSIS 

Most (over 70%) of dogs with primary IMT, with or 
without concurrent IMHA, will have platelet count 
increases to greater than 100 x 109/1 subsequent to 
initial therapy (glucocorticoids alone or in conjunction 
with vincristine, cyclophosphamide, azathioprine or 
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fresh whole blood or platelet transfusions) (Williams 
and Maggio-Price, 1984; Jackson and Kruth, 1985; 
Jans et nl., 1990). Based on reported cases from refer- 
ral hospitals, which may not be representative of cases 
seen by practitioners in the field, about 30% of dogs 
with ITP die or are euthanased during the initial epi- 
sode of thro~nbocytopenia or during disease recur- 
rence(Wilkinsetal., 1973; WilliamsandMaggio-Price, 
1984; Jackson and Kruth, 1985; Jans er nl., 1990). 
About 40% of dogs have recurrent clinical signs of 
~rimarv IMT. The remainins dogs are either cmed. - &. 

have subclinical disease or are lost to follow-up. The 
prognosis for dogs with primary IMT and IMHA may 
be considerably worse than for dogs w i t h p r i l n a r y 1 ~ ~  
only (Jackson and Kruth, 1985). 
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CHAPTER FOURTEEN 

(ii) von Willebrand's Disease 

Tracy Stokol 

INTRODUCTION 

von Willebrand's disease (vWD) is caused by a defi- 
ciency of, or abnormality in, a large plasma glycopro- 
tein called von Willebrand factor (vWf). It is the most 
common inherited disorder of haemostasis in dogs and 
has beendiignosed in one cat (French et al., 1987). In 
the United States, vWD has been detected in over 50 
breeds of dog, with a high prevalence in Dobemamu, 
Pembroke Welsh Corgis, Scottish Temers and Shet- 
land Sheepdogs (Brooks, 1992). In the United King- 
dom, vWD has been diagnosed in 16 breeds of dog, 
particularly Dobermanns, Irish Wolfhounds and Ger- 
man Shepherd Dogs (Littlewood, 1991), of which 
severalhave exhibited clinical signs ofbleeding. Know- 
ledge of the pathogenesis, diagnosis and treatment of 
vWD is therefore essential for practitioners. 

STRUCTURE AND FUNCTION OF vWF 

In humans, vWf is produced by endothelial cells and 
megakaryocytes. These cells store vWf in specific 
organelles known as Weibel-Palade bodies (endothe- 
lial cells) or a-granules (megakaryocytes). These 
organelles release vWf in response to endothelial cell 
damageandvarious agonists, including thrombin. Main- 
tenance of plasma concentrations of vWf is achieved by 
a constant basalsecretion of vWf from endothelial cells. 
These cells also secrete vWf directly into the subendo- 
t h e l i  matrix, whereit bmds to matrix components such 
as type VI collagen and elastin-associatdmicrofibrils. 

In plasma, vWf circulates in a non-covalently bound 
complex with coagulation factor VIII (FvJII). As these 
two proteins are found as a complex, vWf was formerly 
calldFVm-related antigen, but this term is misleading 
andnow obsolete. Indogs, vWfis produced by endothe- 
lialcells, withanegligibleamount detectableinplatelets 
(in contrast to human platelets). Production of vWf by 
megakaryocytes bas not been proven in dogs. 

vWf is composed of a series of protein polymers 
called multimers, which consist of repeating subunits 
linked by disulphide bonds. Each subunit contains 
bidmg sites forplatelet glycoproteinreceptors (GPfi- 
IX and GPIIb-IIIa) and components of the snbendo- 
thelial matrix (e.g. collagen). The number of subunits 
in each mnltimer varies, imparting a range of molecu- 
lar weights (from 0.5 to 20 million daltons) to the 
multimers. The multimeric structure is important 
because the multimers with higher molecular weight, 
owing totheir large size and multiple binding sites, are 
the most effective in haemostasis. 

vWf is essential in primary haemostasis where it 
functions primarily as an adhesion molecule between 
platelets andthesubendothelial matrix, between piate- 
lets and fibrin producedin the coagulationcascade and 
between individual platelets that are part of a platelet 
aggregate (Figure 14.10). The association ofvWf with 
FVIII serves to protect FVIII from proteolytic degra- 
dation, to transport F W I  to sites of vascular injury and 
to promote the secretion of FVIII. Any quantitative or 
qualitative abnormality in vWf therefore results in an 
inadequate platelet plug, permitting continued haem- 
orrhage from an injured blood vessel. 

Figure 14.10: The role 
of von Wzllebmnd factor 
(vWf) m haemostaszs. 
(a) Endothelral cells 
secrete vWf znto plasma, 
the subendothelial 
matrix and Weibel- 
Palade bod~es 
(continued overleaJ) 
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CLINICAL SIGNS OF vWD 

Clinically, vWD manifests as excessive bleeding 
from mucosal surfaces (baematuria, epistaxis, 
melaena, uterine or gingival haemomhage; Figure 
14.11) or excessive bleeding after surgery or trauma 
(includingclipping ofclaws). Thesesigns can beseen 
inany disorder of primary haemostasis (Figure 14.12), 
although for unknown reasons petechial haemor- 
rhages (whichusually typify these diseases) arerarely 
seen in vWD. This may be a useful clue when trying 
to differentiatethese disorders. Other signs that have 
been attributed to vWD include lameness, intmcranial 
haemorrhage and poor wound healing. The disease 
can be diagnosed at any age but typically is detected 
in young dogs, especially in countries where early 
neutering is practised and in breeds subjected to 
cosmetic surgery at a youngage. vWD is inherited as 
an autosomal trait, so there is no sex predisposition 
for the disease. 

Figure 14.10 (continued): 
(b) Vascular trauma disrupts 
the endothelium and, under 
conditions of high shear, 
plasma vWf binds to the 
subendothelial matrix, 
which, with the original 
subendotheliol vWj mediates 
platelet adhesion by 
interacting with GPlb-IX on 
the non-activatedplateler 
membrane. Stimulated 
endothelial cells release 
Weibel-Palade vWj which 
increases !he local 
concentration of vWf at the 
trauma site. (c) Adhesion 
activates plarelets, exposing 
the platelet receptor GPIIb- 
IIIa, which binds ro both 
fibrinogen and v W j  thus 
crosslinkingplarelets, 
forming aggregates called 
the primary platelet plug. 
(d) The coagulation cascade 
is activatedsimulta~zeoush 
g ubrrr,la!in~ m thc jor~rrvrrun 
of fibrtn, u h l ~ h ,  ;I/I rhe uld . - 
of v w  is incorporated into 
the growing plateletplug to 
form a stable thrombus. 

Figure 14.11: 
Spontaneous 
epis!ans m a 
Dobermann 
Pinscher with 
severe von 
Willebrand's 
disease. 
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e platelet abnormalities 7 
I Inherited or acquired thrombopathias I Vessel wall defects (e.g. Ehlers-Danlos syndrom&/~l 

* 1  

The clinical expreasim of vWD is variable and 
depends on several WIS that decrease vWf concenh- 
tions and/or impair vWf or platelet function (Figure 
14.13). The -t of vWf deficiency and the m e  of 
vWD are the most impomt variables governing the 
likelihood and severity of haemonhage (Figure 14.14). 
Generally, the lower the vWf concenmtion the geater 
the likelihood of haemorrhage. An absolute deficiency 
of vWf (typ III vWDJ results in severe haem&ge, 
often requiring vWf replacement thmapy. h Lesstic 
reductions occur in type I vWD and conseqnently the 
clinical expeasion is milder. S M e s  by Sohnson et al. 
(19851, Bmoks et al. (19921 and Stokol at al. (1995) 
showed that most bleeding D0Lmmm.s have vWf 
antigen concernations of less than 35%, or 

Hepatic disease - Renal disease 
Hypothyroidism 

Figure 14.13: Fncbors&eceehng the cCinzcal expregsIafl of 
von Willebrmld'smSeare [vWD). 

35 canineunits per M t r e .  In Australia, tbis conwtta- 
tion is nsed as an arbitrary cut-off point below whkh 
dogs are regarded as being at risk of haemmhage. A 
similar cut-off point of 40% Is used in the United g i g -  
dom(Littte~oodetal., 1987;HolmesetaL, 199Q.These 
c n t d  values should only be used as guidelinesI its 
same dogs will haemmhage despite M g  higher 
concentrations of vWf. Qnvemely, not all dogs 'at risk' 
will haemonhage. The severest haemorrhage occurs in 
D o ~ w i t h l o w m c e n t o l t i o n s o f v W E ~  (a%). 
These findings cannot be extrapolated to other breeds. 
For &own reasons, Airedale Teniers do not sfiow 
chid signs of vWD, despite some dogs having low 
c o n c ~ t i o a s  of vWfAg. 

Expresion of disease is most severe in type 
III vWD, in which there is an absolute deficiency 
of vWf. Dogs with type II vWD lack the higher 
molecular weight multimers of vWf and conse- 
quently hemorrhage severely, although their total 
wncentrations of vWfAg are normal or mildly 
decreased. 

Underlying diseasesor drugs that impair platelet 
function (see Chapter 12) can precipitate or wmen 
haemor~hage in dogs with vWD. Mnch has been 
made of an association between vWD and hypothy- 
roidism in dogs (Avgeris etal., 1990; Dodds, 1991). 
Defhitive proof that hypothyroidism produces an 
acquired f a n  of vWD is, however, lacking, and 
recent studies do not suppon this contention 
(Johnstone ef al., 1993;Lumsdenetal., 1993; Pmciera 
and Johnson, I%, 1996). Anecdotally, hypothy- 
roidism does seem to influence the frequency and 
severity of haemonhage in dogs with vWD, became 
previously asymptomatic animals may bleed if they 
develop concnrreilt hypothyroidism. Thyroid supple- 
mentationshouldnot beusedfbraeatmentorpnqhy- 
laxis invWD,unIass dogsproveto behypothyroid by 
thyroid function testing. 

Figure 1414: Q@ ofvon Willebmnd's disewe cn the dog. 

Type 
Type I 

I Type 11 

Type III 

1 

Breed 
Most breeds, mcludmg Dobermann 
Pichers,  Manchester Terriers, 
Pembroke Welsh Corgis, Poodles 
and Airedale Terriers 

German Shorthair Pointers and 
German Wirehair Pointers 

Scottish Temers, Chesapeake Bay 
Retrievers, Shetland Sheepdogs 
and Dutch Kooiker dogs 

Characteristics I 
Quantitative reduction m von Willebrand factor (vWf) 
All multimers present but reduced in amount 
?Autosoma1 recessive 
Clinical expression depends on breed 
Individual patients responsive to DDAVP (desmopressin) 
Variable quantitative reduction in vWf 
Abnormal multimers: reduced proportion of large multimers 
?Autosomal recessive 
Severe clinical expression 
No response to DDAVP 
Absolute deficiency of vWf in plasma and endothelial cells 
Total or near total lack of multimeH 
Autosomalrecessive, except Shetland Sheepdog (?2 mutations) 
Most severe clinical expression 
No response to DDAVP 
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DIAGNOSIS OF vWD 

vWD can only be diagnosed by using laboratory tests 
for direct evaluation of vWf or by testing for mutations 
in the vWf gene. Routine coagulation profiles (platelet 
counts, activated partial thromboplastin and pro- 
thrombin times) in animals with vWD a e  within 
reference limits. Any dog (especially of a breed with a 
high prevalence of vWD) with a history of haemor- 
rhage and a normal coagulation profile and platelet 
count should be tested for vWD. There are several 
diagnostic tests for vWD (Figure 14.15), including 
genetic tests, quantitative tests based on immunologi- 
cal assays and qualitative tests based on the ability of 

Laurell electroimmunoassay 
Enzyme-linked immunosorbent as - 

alitative a s s a i ~ m e a s u r e  ?j;e functionar 
Willebrand factor 

Platelet adhesion 
Buccal mucosal bleeding time* 
Glass bead retention test 
PEA-100 platelet function analyser 

Platelet aggregation in response to agonists 
Botrocetin 
Polvhrene 

- 
Multimeric analysis 
Crossed immunoelectrophoresis - 

KG-- -- d 
Figure 1415: Diagnostic tests for von Willebrand's disease 
(vWD). *Generally available to veterinary surgeons in 
practice. 

vWf to participate in platelet aggregation in response 
to specific agonists in vitro. vWD is classified into 
different types depending on the multimeric composi- 
tion of vWf, principally using the technique of 
multimeric analysis (which involves separation of 
vWf into its constituent multimers in a gel; Figure 
14.16). In veterinary medicine, vWD is usually diag- 
nosedby quantifyingplasma vWf (termedvWkAg) in 
immunoassays with anti-vWf antibodies. In certain 
dog breeds, the mutation in the vWf gene can he 
detected by using new molecular techniques (Rieger et 
al., 1998; Venta et al., 2000). 

Measurement of vWf:Ag 
The Laurell rocket electroimmunoassay is the most 
widely used technique for measuring vWf:Ag (avail- 
ableintheUnitedKingdomthroughthe AnimalHealth 
Trust, Newmarket), although enzyme-linked 
immunosorbent assays (ELISAs) are replacing this 
older assay. The results obtained by either immuno- 
assay are used to define the patient's vWD status 
(Figure 14.17); however, neither assay measures the 
functional activity of vWf. This canonly he assessedin 
vivo by using the buccal mucosal bleeding time 
(BMBT), or in vitro by platelet aggregation. 

To obtain valid results for vWkAg, strict attention 
should be paid to the collection and handling of sam- 
ples. vWf is anacute phase reactant protein, andvalues 
therefore increase in response to stress, excitement or 
disease. Incorrect collection and handling can initiate 
coagulation in vitro and artifactually increase or de- 
creasevWf:Ag values. Values also change when blood 
samples are either refrigerated or stored at room tem- 
perature. It is therefore essential that blood is collected 
via clean venepuncture from a healthy unstressed dog 
and placed into a tube containing citrate anticoagulant 
(the tube must be filled to the appropriate level so that 

High molecgar 
weight multimers [z] . ,  1 ,  . .. , ' . ,  

~ ~ 
~. 

B ( T I  
Intermediate molecular m (-3 
weight multimers 

- c  . = ~ ~ -  ., , 
,, ,,:= ~ . <  ~ ~ - -  - 1 I 

,:- - l i . .  1: , ,  :,:.:3 I I , : ;  . I I 
- -  

c -I I 
Low molecular - 1  ? 'I 1 
weight multimers L I 1 - . - - . -=, ,_> -- ) , ( .  -== . ~ - -  ~- >) 

. Normal Type I disease Type II disease Type Dl disease 

Figure 14.16: The classification of von Willebrand's disease is based on the multimeric analysis of von Willebrand factor (vWf). 
A normal multimeric distribution shows a mixture of low, intermediate and high molecular weight multimers. In type I disease, 
there is a quantitative decrease in multimer biosynthesis, thus all multimers are present but the concentrations are decreased. 
Type Ildisease is characterized by an absence of high and inrermediate molecular weight multimers. In type Illdisease there is a 
total or near total absence of vWj 
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vWf:Ag concentration Category of von 
WiIIebrand's disea 

D-cbermann P i c h e r  
I 

60-150% Normal 
50-60% Equivocal* 
40% Likely carrier of vWf 

gene defect 
<30% Carrier 'at risk' of 

1 Undetectable* 

Equivocal 
Likely carrier of vWf 

gene defect 
Homozvzous affected 

Figure 14.1 7: Interpretation of resuls for von Willebrand 
factor antigen (vWfiAg) in Dobermann Pinschers and 
Sconish Terriers in the United Kingdom, bared on 
informationfrom the Animal Health Trust, Newmarket 
(ranges differ in the United States (Brooks, 1992) and 
Australia (Stokol and Parry, 1993). S W D  status 
questionable, i.e. the dog could be a carrier or could be 
normal (genetic testing is advised in these dogs and in dogs 
with low normal vWfiAg concentrations that are to be used 
for breeding). $vWfiAg concentrafion below assay sensitivily. 

a b1ood:citrate ratio of 9:l is achieved). The sample 
shouldbe immediately centrifngedand thesupematant 
plasma hawested and transported, on ice, to the Iabo- 
ratory within 24 hours of collection. If despatch is 
delayed, the plasma sample should be frozen and 
transported on dry ice. 

Buccal mucosal bleeding time 
The BMBT is a useful in vivo test of primary haemo- 
stasis as a whole and is not specific for vWD. It is an 

insensitive test for routine diagnosis of vWD, because 
dogs with mild decreases in vWf:Ag concentrations 
may have a normal BMBT (Stokol and Parry, 1993). 
The BMBT will, however, be prolonged in many 
Dobermanns with moderate or severe decreases in 
vWf:Ag concentrations. Most Dobermanns with 
vWf:Ag concentrations of less than 20% will have 
prolonged BMBTs, indicating a compromised pri- 
mary baemostatic system. The BMBT may be used as 
a presurgical assessment of thecompetence of primary 
haemostasis in Dobermanns of unknown vWD status 
Figure 14.18). A prolongedBMBT warrants prophy- 
lactic treatment. Normal surgical haemostasis should 
not be taken for grantedina dog with a normal BMBT, 
as phenothiazines and anaesthetic agents may impair 
platelet function and precipitate surgical bleeding in a 
dog with a mild decrease in vWf:Ag concentrations. 
Therefore, the BMBT should not replace testing for 
vWf:Ag, andknowledge of the patient's vWf:Agcon- 
centration (as well as a knownhistory of haemorrhagic 
tendencies) is the most reliable guide to the need for 
prophylactic treatment before elective surgeq. 

Genetic testing 
With the advent of molecular technology, precise 
defects inrhe gene encoding vWf have been identified 
invariousdogbreeds,includingtheDobemanP'~her, 
Manchester Terrier, Pembroke Welsh Corgi, Poodle, 
Shetland Sheepdog, DutchKooiker and Scottish Ter- 
rier. In the dog breeds with type I vWD, there is a 
similar splicing defect in an intron in the vWf gene. In 
the Dobermann, this defect results in decreased syn- 
thesis of vWf by endothelial cells (Meinkoth and 
Meyers, 1995). In Scottish Terriers, a single base 
deletion causes a frameshift mutation with generation 
of a new stop codon and a severely truncated protkin, 

+ Treat with plasma 
Prolonged or crvoprecipitate I 

Normal Proceed with plasma or cryoprecipitate on hand 
A 

30 minutes later 

I 

I . -  - I I 
Figure 14.18: Protocol outlining the presurgical use of buccal mucosal bleeding time (BMBT) and desmopressin (DDAVP) in 
Dobermanns of unknown status for von Willebrand's disease and those 'at risk' of haemorrhage due to the disease 
(concentrations of van Willebrand factor antigen <30 or 35%). 

Repeat BMBT * Normal 
I 
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resulting in severe type IU vWD (Venta et al., 2000). 
In Dutch Kooikers with type 111 vWD, there is a 
splicing defect in intron 16, which generates a prema- 
ture stop codon in the vWf gene (Rieger et al., 1998). 
Currently, tests for identification of vWf gene muta- 
tions are being offered for certain dog breeds in the 
United States (VetGen LLC, AM Arbor, W .  The 
principal use of these tests is for the accurate identifi- 
cation of camers for the selection of breeding stock, 
especially those dogs with 'equivocal' results for 
vWf:Ag concentrations. Genetic testing should not be 
used as the sole diagnostic test for vWD, because 
genetic status cannot be used to predict vWf:Ag con- 
centrations, and there is no evidence linking 
genetic status to clinical signs of haemorrhage. In 
contrast, there is a well documented association be- 
tween vWfiAg concentrations and tendency to bleed. 

TREATMENT OF vWD 

Treatment for vWD is palliative, with the goal being 
short-term prevention or control of haemorrhage. The 
objective is to increase plasma vWf: Ag concentrations 
to a level that will either prevent or stop haemorrhage. 
This is usually accomplished by infusion of plasma 
products that contain vWf, although desmopressin, a 
drug that increases plasma vWf:Ag concentrations, 
can also be used. 

Infusion therapy 
Cryoprecipitate, aconcentratedformofvWf andFVIII, 
is the treatment of choice for vWD. Cryoprecipitate 
provides the greatest amount of vWf in a small plasma 
volume, is associated with few side effects and is more 
efficacious in increasing plasma vWf:Ag concentra- 
tions and shortening theBMBT than any other form of 
infusion therapy. The preparation of cryoprecipitate is 
described in Chapter 15. Figure 14.19 provides guide- 
lines for infusion therapy. Fresh frozen plasma is the 
best alternative to cryoprecipitate and, with the right 

equipment, is easy to prepare. To prevent sensitization 
of the recipient to donor antigens and to minimize the 
risk of transfusion reactions, fresh whole blood should 
be avoidedinvWD, especially as these dogs frequently 
have repeated bouts of haemorrhage and require re- 
peated treatment. Fresh whole blood, typed or 
crossmatched, can be used to treat vWD, but whenever 
possible should be reserved for those cases with a 
specific need for red blood cells (e.g. severe anaemia). 

Desmopressin 
Desmopressin (1-deamino-8-arginine vasopressin; 
DDAVP) is a synthetic analogue of arginine vaso- 
pressin (antidiuretic hormone). Desmopressinincreases 
plasma vWf:Ag and EVIII values by inducing the 
release of vWf from Weibel-Palade bodies inendothe- 
lial cells. This drug will only work in dogs with 
endotbelial stores of vWf (i.e. type I vWD) and is 
ineffective in dogs with type 111 vWD, who lack vWf 
stores. Repeat injections produce a diminishing re- 
sponse owing to depletion of stores, therefore the drug 
has limited use in the treatment of the haemorrhagic 
episodes of vWD. Desmopressin is recommended as 
presurgical prophylaxis in Dobermanns 'at risk,' and 
in Dobermanns of d m o w n  vWD status with a pro- 
longed BMBT. It canalso be used to increase vWf:Ag 
concentrations in donor dogs before obtaining blood 
fortransfusionpurposes. Synthetic vasopressinis avail- 
able in tablet form or as an aqueous solution for 
injection. Intranasal preparations are also available as 
solutions or sprays, which are more cost effective than 
the aqueous solution for injection. The intranasalprepa- 
rations are injected subcutaneously 30 minutes before 
surgery, at a dose of 1 pg/kg diluted to a 1 ml volume 
with sterile saline. This dose may shoaeutheBMBT in 
Dobermanns with vWD for up to 4 hours. However, 
response to thedrug is unpredictableindogs withvWD 
(some dogs may not respond at all) and DDAVF' 
should not be relied upon to achieve surgical haemo- 
stasis. Plasma or cryoprecipitate should be available in 
the event of excessive surgical haemorrhage. 

surgery is prolonged (more than 

Twice daily (minimum) 
until haemorrhage 
ceases 

until haemorrhage 
ceases 

As needed until 

I bodyweight I dose during, surgery I haemorrhage ceases 

Figure 14.19: Gurdelr,zrs/ur i,yb,srun drcmpy ,n doxr i~,irlt ,,u,z Il'rlleDrartd'.~ di.~ru.vr. *Du,tw ic mr~pirzcul us rhr unrulmr ufvbr~ 
IVillehrrmdfi~nor antigen (vlV'Ax,  in eoch unir ofcryop,prr~.~pzrarp v a r i r ,  rlrpr,zdi,lg o,z rltr v l lFAx ron~.r~zrrurtu,~ in II!P dorlnr 
u,zd rhe rllirie~rcy ojrhe yrcpururru,t rrc hnryue. Prrrreaor,t,nr ofd,,non ,nrth dt-smopres.~irt oprinti;r.; rhe !ield of vWf Axfiom rhe 
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CHAPTER FOURTEEN 

(iii) Haemophilia A 

Janet D. Littlewood 

INTRODUCTION 

Hae~nophilia A, or classic haemophilia, results from 
the deficiency or absence of factor VIII (F VIII), an 
essential cofactor in the activation of F X by F IXa. 

FUNCTION OF FACTOR VIII 

Human FVIII has a molecular weight of about 330 kD 
and an approximate plasma concentration of 200 ng/ml. 
The specific activity of cauine F VIII is about four 
times greater than that of human F VIII (Littlewood, 
1988a). The proteincirculates in plasma, non-covalently 
bound to von Willebrand factor (vWf), which confers 
stability on the F VIII molecule. This association has 
given rise to confusion in the early literature about the 
separate identity and functions of these two plasma 
proteins. F VIII is activated by the action of tluombin, 
and furtherthrombin cleavage, together withactivated 
protein C (enhanced by protein S) results in inactiva- 
tion by proteolysis. F VIII is synthesized largely in the 
liver but is also produced by other cell types. F VIII 
activity isassessedby biologicalassays. Theone-stage 
assay utilizes F VIE-deficient plasma as a substrate 
andcompares theactivity of dilutionsofpatientplasma 
with that of a standard of known F VIII activity by a 
modified activatedpartial thrornboplastin time (APTT) 
test. Two-stage clotting methods and chromogenic 
assays can also be used to assess F VIII potency. 
International standards for animal plasmas do not 
exist, and patient plasma is usually compared with a 
pool of normal plasma collected from at least 10 
healthy animals of mixed age, sex and breed. Many 
laboratories calibrate each new pool of plasma with the 
previous pool to standardize results from that labora- 
tory, and will cross calibrate with other laboratories 
with recognized expertise aud experience in coagula- 
tion assays. 

Antigen detection assays using polyclonal and 
monoclonal antisera exist for human F VIII, and some 
of these reagents cross react with F VIII from animal 
sources (Rotblat et nl., 1983). Human patients with 
moderate and mild disease usually have identifiable 
F VIII antigen (F VIII:Ag), indicating the presence of 

an abnormal F VIII molecule with reduced function, 
whereas most of the severely affected patients have no 
F VII1:Ag measurable because of complete absence of 
F VIII synthesis. 

PREVALENCE AND INHERITANCE 

Haemophilia A was recognized in hutnans by the 
ancient Egyptians and is clearly documented in the 
Talmud. The disease is inherited in a sex-linked tnan- 
ner, with affected males and female carriers. It is the 
comlnonest of the severe inherited bleeding disorders, 
with a UK prevalence in the order of 16 per 100,000 of 
the male population. About 30% of patients have no 
family history and represent new mutations. The nature 
of the genetic defect has been elucidated in many 
hulnan families with haemophilia. Gene deletions and 
various point mutations have been identified. 

The prevalence in dogs and cats is not lmown, but 
haemophilia A is the commonest of the inherited 
coagnlopathies. It has been reported in Inany breeds of 
dogs, including crossbreeds. It is likely that most of the 
cases identified represent new mutations, since in the 
severe form the condition is self-limiting, with af- 
fected males rarely surviving to adulthood and repro- 
ductive capability. In the German Shepherd Dog, 
however, a moderately severe form of the disease 
occurs, and affected males may survive to adulthood 
and be used at stud. This has led to dissemination of the 
disease in this breed across the world (Fogh ct al., 
1984; Johnstone and Norris, 1984; Fogh, 1988; 
Littlewood, 198%; Parry et al., 1988). It should be 
noted that severe forms of the disease have also been 
identified in this breed, but not in the sane  families; all 
of the moderately affected animals are descendants of 
a single dog, Canto von der Wienerau. Screening 
programmes are in place in several countries and have 
been successful in eliminating the problem in Aus- 
tralia (Mansell, 1991). Cytogenetic analysis in these 
German Shepherd Dogs has shown that the defect is 
not due to a gross chromosomal abnormality or large 
gene deletion (Clarke and Party, 1997), as one would 
expect when there is not complete absence of func- 
tional protein. 
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The disease is also reported in cats (Cotter et Severe disease 
al., 1978; Littlewood, 1986). Moderate haemophilia In the severe form of the disease it is often possible to 
has also been recognized in a cat that survived identify affected puppies in a litter at birth due to 
castration. The cat, however, bled excessively after persistentnavalbleeding(Figure 14.21).Haematomata 
surgical removal of a lump, which proved to be a are common in young puppies once they begin to 
resolving haematoma on histological examination interact with littermates. Gingival haemorrhage is of- 
(Littlewood, 1999). tenseen whendeciduous teethare shed(Figure 14.22). 

Shifting and recurrent lameness are common in both 
moderate and severe forms, with degenerative 

CLINICAL SIGNS osteoarthrosis developing as a sequel to these haem- 
arthroses. Muscle haematomata are also common. 

In humans, severe, moderate and mild forms of Subcutaneous bleeds can he extensive due to the loose 
haemophilia A are recognized (Figure 14.20). Severe nature of the subcutis in the dog (Figure 14.23). Medi- 
and moderate forms are recognized in dogs and astinal haemorrhage (Figure 14.24), haemothorax and 
cats, and it is Likely that mild forms also occur but retroperitoneal bleeding are common causes of death 
go unrecognized. in affected animals. 

Figure 14.20: Classification of haemophilia (afier Rim, 1977). 

I Figure 14.22: 
Ginpival I - 
haemorrhage 
due to shedding 
of deciduous 
teeth. 

subcutaneorcr 
haematoma 
affecting the left 
thoracic and 
abdominal wall Figwe 14.24: Mediastinal kaemorrhage causing left-sided I of 0 dog, Horner 's syndronze, dysphapia, dyspnoea and counhi?zp in a 
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Moderate disease 
In moderately affected animals there is often some 
episode of trauma that results in the bleeding tendency 
being recognized, although there is often a history 
of recurrent lameness or other suspicious signs if 
owners are questioned carefully. Abnormal bleeding 
has also been encountered during ovariohysterec- 
tomy of carrier bitches, as it is possible for carrier 
females to have F VIII concentrations as low as 
25-30% of normal, due to random suppression of 
X chromosomes. This would be a manifestation of 
mild hae~nophilia ina heterozygote. Affectedhaeino- 
philic femaIe dogs that are homozygotic can be 
bred, when an affected male is mated with a carrier 
female. An acute bleeding disorder due to low 
F VIII-coagulant activity was described in a female 
dog of mixed breed as a spontaneous occurrence 
(Murtaugb and Dodds, 1988), but it is not known if 
this was a heterozygotic or homozygotic defect. 

The bleeding tendency in l~aemophilic cats is much 
less severe than in dogs, probably due to the smaller 
size of cats and differences in behaviour between the 
two species (Cotter et al., 1978; Littlewood, 1986). 

TREATMENT 

Cryoprecipitates 
Management of bleeding episodes is difficult in 
severely affected animals, and owners often request 
euthanasia once the disease is diagnosed. The aim 
should be to increase plasma F VIII concentrations to 
at least 25-30% of normal to achieve haemostasis 
(Giles ct al., 1982; Pijnappels et al., 1986). Trans- 
fusions of normal plasma from dogs at a rate of 15 
ml/kg shoi~ld achieve this, but greater volumes may 
be required, and over-transfusion can become a 
problem. Plasma cryoprecipitate contains a higher 
concentration of F VIII, and some centres make their 
own cryoprecipitate from fresh frozen plasma. A 
comparison between fresh frozen plasma and cryo- 
precipitate showed similar increases in F VIII clot- 
ting activity with both products, but the incidence 
of side effects (mild pruritus, pallor, weakness) was 
less with cryoprecipitate (Stokol and Parry, 1998). 
Adverse reactions usually are a feature of animals 
that have received multiple transfusions, and can be 
avoided by pretreatment with an antihistamine such 
as cl~lorpheniramine (Littlewood, 1988a). Commer- 
cial F VIII concentrates from humans and pigs are 
haemostatically effective in animals (Littlewood, 
1988a; Lutze et al., 1999), but the administration of 
heterologous proteins induces the formation of anti- 
bodies and the risk of anaphylaxis at subsequent 
infusion (Littlewood and Barrowcliffe, 1987; 
Littlewood, 1988a). Infusions should be given twice 
daily until bleeding has stopped and the hae~natoma 
is resolving. Antibiotic cover is indicated. 

Tranexamic acid 
Inhibitors of fibrinolysis can be useful in the manage- 
ment of bleeding episodes in haeinophilic dogs (AR 
Giles, unpublished observations; Littlewood, 1988a). 
The author has used tranexamic acid (Cyclokapron, 
Kabi) at a dose rate of 15-20 mglkg orally 2-4 times 
daily. This drug is used to control external haemor- 
rhage (e.g. dental, prostatic) in human haemophilic 
patients and, owing to the risk of thrornboembolic 
complications, would not be used in the management 
of internal bleeds. This risk, however, seems to be 
minimal in veterinary patients, probably owing to their 
enhanced fibrinolytic system connpared with humans. 
It should be noted that this product is not licensed for 
veterinary use. 

Gene therapy 
Gene therapy has been nsed successfully in F VIII- 
deficient dogs (Connelly et al., 1996). The gene for 
human F VIII in an adenoviral vector corrected the 
haemophilic phenotype as assessed by clotting times 
and the cuticle bleeding time. Expression of the gene 
product was only sboa term, lasting 1-2 weeks, owing 
to the development of an antibody response and a 
human F VIII-specific inhibitor. 

CARRIER DETECTION 

Asymptomatic heterozygotes provide a genetic reser- 
voir forthe disease. In humanmedicine, DNA analysis 
by the use of probes that detect diagnostically useful 
restriction fragment length polymorphisms, enables 
the identification of carrier females in many families 
with haemophilia A. However, studies using these 
probes in German Shepherd Dogs with moderate hae- 
mophilia showed no differences in the restriction pat- 
terns betweennonnal and affectedmales for any of the 
probe combinations, although all probes used hybrid- 
ized to the dogs' genomic DNA (Clark et al., 1997). 
Whether the probes would be useful in other haemo- 
philic dog families is unknown. 

Carrier status 
Carrier status is ascribed by taking into account pedi- 
gree evidence of haemophilic antecedents, plasma 
F VIII concentration and the production of affected 
progeny. According to these criteria a bitch can be 
classified as a suspected, probable or obligate hetero- 
zygote (Figure 14.25). Whereas coagulation assays 
will accurately distinguish between normal and af- 
fected males, the same is not true of females. This is 
because of the wide variability of F VIII expression in 
female heterozygotes duero the random suppression 
of X chromosomes in somatic cells. Measurement of 
plasma F VIII activity in females can only provide a 
statistical probability for the status of that animal. 
Although some studies have found that carrier bitches 
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I 1 unaffected son 1 90% 

Figure 14.25: Identification of heterog.gonc carrrer bitches. 

express only halfthe plasma F VIlI activity of normal 
bitches (Fogh, 1988; Littlewwd, 1988b), others have 
found functional assays of less use in the differentia- 
tion between normal and carrier animals (Littlewood, 
1988a; Mansellandparry, 1992). Figure 14.26shows 
the inference of carrier status fromF VIII assays in the 
daughters of obligate heterozygotes, and Figure 14.27 
shows the influence on the probability figures of pro- 
duction of normal male offspring. 

If a bitch has a high probability of non-carrier 
status, owners should be advisedthat if sheistc beused 
for breeding then all the male pups in the fmt  litter 

Figure 14.26: Factor VIII (F VIII) concentratrons m should be tested for APTT and/or F VIII activity. A 
daughters of oblrgate carriers. bitchwithaFVIIIconcentrationgreater than60% who 

produces four normal male offspring has a 99% prob- 

2 unaffected sons 1 95% 
3 unaffected sons 1 97% 

ability of non-carrier status. Blood testing of males 
before their use at stud is an effective way of identify- 
ing affected animals and preventingfirtherdissemina- 
tion of the genetic defect into subsequent generations 
in breeds with mild to moderate manifestations of 
disease. 

I 
Immediate probability 
1 unaffected son 
2 unaffected sons 
3 unaffected sons 
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non-carrier status 

50% 
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CHAPTER FOURTEEN 

(iv) Anticoagulant Rodenticides 

Andrew Maclcin 

INTRODUCTION 

Poisoning wit11 anticoagulant rodenticides is one ofthe 
most common toxicities encountered by veterinary 
practitioners and is also one of the most common 
acquired causes of haemostatic disorders in small 
animal practice. Potential or actual poisonings with 
anticoagulant rodenticide currently account for almost 
10% of the enquiries received by the Veterinary Poi- 
sons Information Service (VPIS) in London, which 
handles the bulk of such enquiries in the United King- 
dom (A Campbell, personal communication). Anti- 
coagulant toxicity often presents as a life-threatening 
emergency, with published mortality rates of between 
10% and 20% despite there being a readily available 
and highly effective antidote, vitamin K (Green and 
Thomas, 1995; Robben et nl., 1998; Sheafor and 
Couto, 1999). Based on practitioner feedback, the 
VPIS estimates that in the United Kingdom current 
mortality rates from poisoning with anticoagulant are 
at least 5% (A Campbell, personal communication). 
Mortality rates are probably high for two reasons: 
because it can be difficult to obtain a prompt diagnosis 
and because treatment with vitamin K is often of 
inadequate dosage and duration (Mount, 1988). This 
chapter describes the relevant pathophysiological fea- 
tures of poisoning with anticoagulant rodenticide and 
presents a logical diagnostic and therapeutic approach 
for practitioners. 

ROLE OF VITAMIN K IN 
HAEMOSTASIS 

Four of the major coagulation proteins, factors I1 
(prothrombin), VII,IX andX, dependonvitaminK for 
functional clotting activity (Mount et nl., 1986), as do 
several proteins with anticoagula~~t activity, namely 
proteins C and S (Green and Thomas, 1995). This 
group of vitamin K-dependent coagulant and anti- 
coagulant proteins are known as the prothrombin com- 
plex. Like most other clotting factors, the proteins in 
the prothrombin complex are manufactured by the 
liver. The proteins are manufactured by hepatocytes in 
an inactive precursor form and to become functional 

must contain the amino acid glutamic acid in its car- 
boxylated form (y-carboxyglutamic acid). Carboxyla- 
tionof glutamic acid in the proteins of the prothrombin 
complex requires the presence of vitamin K. In the 
absenceof vitaminK, theseproteinsare only present in 
non-functional forms (Mount and Feldman, 1982). 

Vitamin K-dependent clotting factors are impor- 
tant components of the clotting cascade: factor IX in 
the intrinsic pathway, factor VII in the extrinsic path- 
way and factors I1 and X in the common pathway of 
secondary haemostasis (Figure 14.28). Functional 
deficiency of any one of these clotting factors leads to 
significant impairment of secondary haemostasis, 
whereas deficiency of all four factors, with a combined 
effect on all of the major coagulation pathways, is 
likely to be clinically catastrophic. 

In the normal animal, vitamin K (a fat-soluble 
vitamin) is obtained from both dietary sources and 
bacterial synthesis within the gut lumen, typically in a 
quinone form, and is absorbed in the small intestine 
togetherwithingestedfatty acids (MountandFeldman, 
1982; Green and Thomas, 1995). The vitamin is then 
stored in various forms within hepatocytes. Only one 
form, the hydroquinoneformof vitaminK, is involved 
in the carboxylation of the non-functional precursors 
of factors 11, VII, IX and X into their active forms. As 
part of this carboxylation process, the active 
hydroquinone form of the vitamin is converted into an 
inactive epoxide form (Figure 14.29). Since the nor- 
mal intestinal uptake of vitamin K is insufficient to 
meet the ongoing demand generated by activation of 
clotting factors, the animal must continuously 
enzymatically regeneratetheactivehydroquinoneform 
of vitamin K from its various inactive forms to main- 
tain adequate concentrations of the functional vitamin. 
The inactive epoxide form of vitamin K is converted 
via an epoxide reductase reaction into a quinone form, 
and a subsequent reductase reaction converts the vari- 
ous inactive quinone forms of the vitamin (those de- 
rived from both reduction of epoxides and dietary and 
bacterialorigins) into theactive hydroquinonefor~n. A 
breakdown in any of the above enzymatic reactions 
(collectively known as the vitamin K-enzyme com- 
plex) rapidly leads to a deficiency in the functional 
hydroquinone form of vitamin K, which in turn leads 
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Figure 14.28: The vitamin K- 
dependenr ciottirrg factors, I? 
(prothronzbin), VII, IX and X, 
are invoived in ail the major 
pathways of secolzdary 
haemosrasis: the intrinsic 
pathway (IX), the extrinsic 
pathway (VII), and the 
conlnzort pathway (I1 and X). 

Figure 14.29: The active 
hydroquinone form of vitamin 

Vitamin K K is required for the C'otting factors car,oq,tiolz a,epoxihtion 

a, VII, IX, x process thotformsfrrnctionai 
factors 11, VII, IX and Xfrorn 
their inactive precursor 
proteins. As part of this 
process for acrivarioit of 
clotting factors, the 
hydroquinorte is converted 
into the inactive epoxide form 
of vitamin X and the actiw 
form musr rhen be regenerated 
by a complex series of 
enzymatic reductio~ls. 
Anricoagulant rodenricides act 
predominalztly by inhibiting 
the epoxide reductase 
reaction. 

to a deficiency in the active forms of the vitamin K- INHIBITION OF THE VITAMIN 
dependent clottingfactors (Mount andFeldman, 1982). K-ENZYME COMPLEX 
By contrast, if the vitamin K-enzyme complex is 
intact, reduced dietary intake of vitamin K is unlikely Anticoagulant rodenticides inhibit the enzymatic pro- 
to lead to impaired haemostasis in the normal animal, cess that regenerates the active hydroquinone form of 
since intestinal bacterial synthesis of the vitamin is vitaminK,predominantly viainhibitionoftheepoxide 
sufficient to replenish body stores. reductase reaction (Mount and Feldman, 1982). 
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Severe and complete enzyme inhibition can lead to 
a defickency in active vitamin K in less than 24 
hours, after which the inactive precursors of vitamin 
K-dependent clotting factors are unable to be con- 
verted into their functional forms. Defective second- 
ary haemostasis and susceptibility to bleeding occur 
as soon as preexisting circulating amounts of these 
factors are consumed [Schulman et al., 1986). Since 
the circulating half-lives of factors VII, M, X and II in 
the dog are about 6,14,16 and 40 hours respectively, 
impaired secondary haemostasis can potentially occur 
as soon as one day after ingestion of an anticoagulant 
rodenticide, depending on the type and potency of the 
ingested toxin (ForbesetaL, 1973; Mountetal, 1986; 
Schulman et al., 1986). 

Inhibiti~n of thevitamin K-enzyme complex is not 
the only meansby whichvitaminK deficiency canlead 
to bleeding disorders. Since vitamin K is fat soluble 
and taken up by the small intestine concurrently with 
fatty acids, conditions that cause maldigestion and/or 
malabsorption of dietary fat can also cause vitamin K 
deficiency. Potential causes of poor intestinal absorp- 
tion of vitamin K include severe infiltrative bowel 
disease, lymphangiectasia, exocrine pancreatic insnf- 
ficiency and biliary obstruction (since bileacids are an 
essential component of micelle formation, which 
facilitates intestinal absorption of lipid) (Mount and 
Feldman, 1982; Mount, 1985; Hammer and Couto, 
1991; Green and Thomas, 1995). Prolonged antibiotic 
therapy, particularly with second and third generation 
cephalosporins, has also been reported to lead to mild 
vitamin K deficiency secondary to reduced synthesis 
of the vitamin by intestinal bacteria (Mount and 
Feldman, 1982; Hammer and Couto, 1991; Green and 
Thomas, 1995). Unlike inhibition of the vitamin K- 
enzyme complex, decreased bacterial synthesis or 
impairedintestinal absorption of vitaminK is unlikely 
to lead to acute haemostatic defects since hepatocytes 
have some stores of vitamin K in its inactive forms. 

ANTICOAGULANT RODENTICIDES 

The original anticoagulant rodenticides, which were 
first commercially developed in the 1940s, are known 
as first generation rodenticides. Fit generation 
rodenticides are further divided into the 
hydroxycoumaringroup, of which warfarin is the best 
known example, and the indandione group, which 
includes diphacinone. Over the years, as the rodent 
population developed resistance to the original 
rodenticides, newer forms of the hydroxycoumarins 
were created, which bypassed the rodents' mecha- 
nisms of resistance. These newer anticoagulants are 
known as second generation rodenticides and include 
products such as brodifacoum (Figure 14.30), 
diFenacoum and bromadiolone (Mount and Feldman, 
1982; Green and Thomas, 199%. Figure 14.31 sum- 
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marizes the rodenticides that belong to each of these 
major groups (Beasley and Buck, 1983; Mount et al., 
1986; Mount, 1988; Dorman, 1990). Experimental 
studies and extensive clinical expetience have shown 
that anticoagulant rodenticides are highly poisonous 
and frequently fatal wheningested by dogs and cats at 
dosesthat can be easily attainedat home (Forbes et al., 
1973; Schulmanetal., 1986; Woody etal., 1992;Berry 
etal., 1993;Lewis ezal., 1997).Many morepoisonings 
have beenreported in dogs thanin cats, and recent data 
from the London VPIS show about 10 veterinary 
enquiresregardingpotentialanticoagulant rodenticide 
toxicities in dogs for every one enquiry in cats (A 
Campbell, personal communication). 

*Enquiries for dug m d  cur erpusures made rc rhe Vrrerrnary 
Prtiso,is ltirorrnatiun Service fl.b',zdon, henvrrti 1994 und 
1996 (A ~bmpbell,  personal commun~canon). The most 
commonIy encounteredro&nricides were bromadiolone and 
difnacaum followed by, m descending order affrequencn 
coumaterr~lyl, chlarpkinone, warfarin, brodfacoum, 
drpkocinone and d~caumann. 
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First generation rodenticides, particularly those in 
the hydroxycoumarin group, are generally less potent 
than second generation rodenticides. Multiple inges- 
tions of first generation rodenticides over a period of 
time are usually considered necessary to cause a 
coagulopathy, although a single exposure to a massive 
dose (e.g. ingestion of the contents of a full container of 
toxin) may be enough to cause bleeding, especially if the 
toxin is an indandione. Clinical signs of toxicity are 
unlikely todevelopuntilat least4-5 days after ingestion 
of a first generation hydroxycoumarin (Forbes et al., 
1973), although bleeding may occur as little as one day 
after massive exposure to some members of the 
indandione group (Mount et al., 1986). Secondary poi- 
soning from ingestion of poisoned rodents is unlikely to 
occur with the less potent first generation rodenticides. 
Warfarin, the prototype first generation liydroxycou- 
marin, has a half-life of a little over 12 hours and, once 
exposure is discontinued, toxicity is unlikely to persist 
for more than a week (Mount et al., 1986). By contrast, 
the indanediones generally have a half-life of 4-5 days, 
and toxicity may therefore potentially persist for over a 
month after ingestion of the poison (Mount et al., 1986; 
Schulman et al., 1986; Mount and Kass, 1989). 

Second generation hydroxycoumarins such as 
brodifacoum are, in contrast to their first generation 
cousins, highly potent. A single dose of brodifacoum 
can cause bleeding within a day of ingestion, and the 
toxin can persist in an animal's system for up to a month 
(Mount et al., 1986; Woody et nl., 1992). Secondary 
poisoning is feasible (Mount, 1988). Over the past 10 
years theuse ofsecondgenerationrodenticides has grown 
noticeably, andrepoaedpoiso~lings of dogs andcats have 
correspondingly increased (Woody et al., 1992; Berry et 
al., 1993;PetersonandStreeter, 1996;Lewisetal., 1997). 
Currently, most of the calls received by the LondonVPIS 
are enquiries about poisoning with second generation 
rodenticides (A Campbell, personal communication). 

Sulphaquinoxaline, a coccidiostatic sulphonamide 
used in the poultry industry, caused a serious 
coagulopathy in several dogs that ingested treated 
drinking water (Neer and Savant, 1992). Like the anti- 
coagulant rodenticides, sulphaquinoxaline is a potent 
inhibitor of the vitamin K epoxide reductase enzyme. 
The toxic effects of sulphaquinoxaline persist for less 
than a weekafter ingestion. Because of its anticoagulant 
properties, sulphaquinoxaline has been incorporated 
into several rodenticides (Mount et al., 1986). 

The potent anticoagulant properties of the inhibi- 
tors of the vitamin K-enzyme complex are not neces- 
sarily undesirable in some clinical circumstances. 
Numerous hydroxycoumarins and indanediones are 
used as anticoagulants in human medicine, and in 
veterinary medicine the carefully controlled and moni- 
tored use of warfarin in cats and dogs has been recom- 
mendedfor the prevention and treatment of thrombotic 

CLINICAL SIGNS OF 
ANTICOAGULANT RODENTICIDE 
TOXICITY 

The clinical signs of poisotling with anticoagulant 
rodenticides are typical of those associated with defec- 
tive secondary haemostasis (see Chapter 13). Poisoned 
animals typically present with acute episodes of major 
haemorrhage into body cavities (Mount et al., 1986). 
Commonly reported sites of major haemorrhage in- 
clude the pleural cavity (Figure 14.32), the media- 
stinum, the pericardium, the abdominal cavity (Figure 
14.33) and the joints (Forbes et al., 1973; Schulmali et 
al., 1986; Berry etal., 1993; Lewis etal., 1997; Petrus 
and Henik, 1999). Patients are often in hypovolaemic 
shock secondary to acute blood loss and, if they sur- 
vive the initial episode of haemorrhage, will develop a 
typical blood loss anaemia (Sheafor and Couto, 1999; 
see Chapter 3). Acute severe dyspnoea secondary to 
haemothorax, haemomediastinum and pulmonary 
parenchymal haemorrhage is common (Mount et al., 
1986; Berry et al., 1993; Lewis et al., 1997; Sheafor 
and Couto, 1999). The development of large subcuta- 
neous or intramuscular haematomas is often reported, 
either spontaneously or secondary to such simple pro- 
cedures as the collection of blood samples and intra- 
muscular injections (Mount et al., 1986; Schulman et 
al., 1986; Woody et al., 1992; Peterson and Streeter, 
1996; Sheafor and Couto, 1999). Frequently, there 
may also be clinical signs of haemorrhage into the 
gastrointestinal, respiratory and genitourinary tracts, 
including oral bleeding, haematemesis, melaena, 
haemoptysis, epistaxis, haematuria and vaginal or 
preputial bleeding (Berry et al., 1993; Padgett et al., 
1998; Sheafor and Couto, 1999). Cutaneous bruising 
and ocularhaemorrhage (conjunctival a~idscleral bruis- 
ing, hyphaema) may be observed. Clinical signs can 
frequently be diagnostically challenging. Patients 
often present either with no external signs of liaemor- 
rhage despite having either acute life-threatening dys- 

~.ot~ditions such as aortic orpltltnoni~ry rhromboembu- ,:i g,,,.c , J . J ~ :  5 t,,,c,rc, 11 i,,,/i,,,.c,.v ;,I <, ~ c , . i r i o , i  s / , ~ , ~ , / , ~ , ~ ~ /  
lism (B~.aslcy and Buck, 1983) l lug ria,! i,zg<wed b,?,~l;f i~~ iorr~ir .se~cnr/ <ltr!.i eorlrr~ 
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Figrrrr 14.33: Diagrrostic intagesfiore a crossbred dog tlrar 
ivas a horrsoaare ro tlre Gerrnarr Slrel~herd Dog ~oirlr 
haenrotlrorar slro~s~r irr Figrue 14.32. Tlrc crossbreed had also 
lrad access to brorlifacorrsr andpreso~trd lvitlr acrrre 
Irypovolaorric slrockseveral days aJier tlre Gcrrrratr Shel)her.rl 
DOE was diamrosed atid rreated. la)  Abrlornirral radiwraolrs 

. . 
(c) Tlroracic md i~g ra l~ l~s  slro~ved only nrildpleroal arid 
prrlriro~mry parenclryrrral lraorrorrlrage. Final diagr~osis was 
profoa,rd haenro/~eritoner~nr arid rrrildplnrral arrdpulnronarp 
haerrrorrlragc sccorrdary to brod$acorarr poisonirlg. 
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pnoea or hypovolaemic shock, or with unexpected 
manifestations that reflect a hidden site of haemor- 
rhage, such as coughing (pulmonary, mediastinal, 
tracheal or laryngeal haemorrhage), lameness (bleed- 
ing into joints or muscles) or neurological abnormali- 
ties (haemorrhage in the central nervous system) 
(Peterson and Streeter, 1996). 

Anunderstanding of the pathophysiological mecha- 
nisms underlying poisoning with anticoagulant 
rodenticides would suggest that primary haemostasis 
should be intact, and therefore that petechial (pin 
point) mucosal and cutaneous haemorrhages should be 
unexpected findings. Indeed, although several review 
papers have stated that rodenticide poisoning could 
cause petechial l~aemorrhages (Mount et al., 1986), 
this type of bleeding was not reported in several 
clinical papers (Schulman et al., 1986; Berry et al., 
1993; Lewis et al., 1997; Sheafor and Couto, 1999). 
Interestingly, however, several recent clinical papers 
have reported that a majority of dogs who presented 
with poisoning with anticoagulant rodenticides had 
transient mild to marked thrombocytopenia of un- 
determined aetiology, although no patients exhibited 
petechial haemorrhages (Berry et al., 1993; Lewis et 
al., 1997; Sheafor and Couto, 1999). 

Clinicians should always remember that, even in 
patients with severely impaired haemostasis second- 
ary to rodenticide poisoning, spontaneous bleeding 
may not as yet have occurred (Mount et al., 1986). 
Toxicological trials have observed that despite having 
noticeably prolonged clotting times, some experimen- 
tal dogs displayed minimal bleeding, probably be- 
cause they had been cage rested (Mount and Kass, 
1989; Woody et al., 1992). Even the first bleeding 
episode in a patient with defective secondary haemos- 
tasis can be severe, acute and potentially fatal, there- 
fore apparently healthy animals with suspected or 
proved ingestion of anticoagulants should always be 
regarded at riskuntil diagnostic testing determines the 
status of their coagulation cascade (Mount, 1988; 
Hammer and Conto, 1991). 

DIAGNOSIS 

In those patients that have known access to anticoagn- 
lant rodenticides and that present with the clinical 
signs classically associated with advanced 
coagnlopathies (e.g. haematoma formation, haemo- 
thorax, haemoperitoneum), establishing a diagnosis is 
usually straightforward. Poisoned animals that do not 
immediately succumb to hypovolaemic shockdevelop 
typical acute blood loss agaemia and hypoprotein- 
aemia within a day of commencing bleeding. The 
anaemia becomes regenerative (characterized by ani- 
socytosis, polychromasia and reticulocytosis) about 5 
days later (Mount etal., 1986; Berry etal., 1993). Even 
if external haemorrhage is not evident, careful history 
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takingalldpl~ysicalexa~ninationusually enables locali- circulating half-life and, since factor VII is a compo- 
zation of sites of internal bleeding. Dyspnoea due to nent of the extrinsic pathway, the OSPT may become 
bleeding into the spaces and structures within the 
thoracic cavity is particularly common. Thoracic ra- 
diographs frequently show abl~orlnalities such as pleu- 
ral effusion due to haelnothorax, an increase in 
mediastinal soft tissue opacity due to haemomedia- 
stinum, patchy geueralized mixed alveolar/interstitial 
opacities caused by pulmonary parenchymal haemor- 
rhage and narrowing of the tracheal lumen due to 
extratracheal and intratracheal bleeding (Berry et nl., 
1993; Sheafor and Couto, 1999). Abdominal radio- 
graphs may show abdominal distension and loss of soft 
tissue detail due to haemoperito~~eum (Sheafor and 
Couto, 1999). Additional diagnostic tests that may be 
needed to confirm and localize internal bleeding in- 
clude abdominal, thoracic andcardiac ultrasonography 
and aspiratio11 of fluid from suspected haematomas, 
swollen joints and the pleural, pericardial and/or 
abdominal spaces. Cliniciaus should, however, be 
aware that the aspiration of blood from a body cavity 
that fails to clot should never be considered proof of a 
coagulopathy. In patients with normal haemostasis 
with an episode of internal haemorrbage (post trau- 
matic, for example), blood that has remained within a 
body cavity for a significant time will have clotted and 
the resultant clot will have been dissolved by the 
fibriuolytic system. Sillce most of the platelets and 
clottiug factors within the cavity will have been con- 
sumed by this process, blood collected by paracentesis 
will fail to clot. 

Animals that have ingested toxic amounts of anti- 
coagulant rodenticide can often seem to be clinically 
normal for several days before bleeding commences. 
Prompt and specific diagl~ostic evaluation of the clot- 
ting cascade is always indicated in any dog or cat that 
may have ingested an anticoagulant, including the 
apparently healthy co~npanions of animals that are 
already showing clinical signs of toxicity. Evaluation 
of haemostasis is similarly indicated in those animals 
that present with clinical signs consistel~t with roden- 
ticide poisoning, even if the owners cannot readily 
identify a source of the toxin. 

Staudard screening tests of secondary haelnostasis 
(see Chapter 10) that should be perfomled in all 
patients with possible poisoning with anticoagulant 
rodenticides include the activated clotting time (ACT), 
which can be performed simply and rapidly in house, 
the activated partial thromboplastin time (APTT) and 
the one-stage prothrombin time (OSPT). Since the 
vitamin K-dependent clotting factors are involved in 
all of the major coagulation pathways, severe rodellti- 
cide poisoning usually causes prolongation of the 
OSPT (which tests the extrinsic and common path- 
ways) and the ACT and APTT (which test the intrinsic 
and common pathways) (Schulman et nl., 1986; Berry 
et al., 1993; Lewis ct nl., 1997). Factor VII is the 
vitamin K-dependent clotting factor with the shortest 

prolonged before the ACT and APTT in early or mild 
cases of toxicity (Mount et nl., 1986; Mount and Kass, 
1989; Woody et nl., 1992). In most patients with 
obvious toxicity, however, all three tests of coagula- 
tion will be noticeably prolonged. 

Combined prolongation of the OSPT, ACT and 
APTT is not unique to poisoning with anticoagulant 
rodenticides. It call occur in other conditions that cause 
vitamin K deficiency (e.g. bilialy obstruction, severe 
intestinal malabsorption) and in processes that lead to 
either a failure of production of multiple clotting 
factors (severe liver failure) or a generalized acceler- 
ated consumption of factors (disseminated intravascu- 
lar coagulation). Far less frequently, a combined 
prolongation of the coagulation tests occurs due to 
congenital deficiencies of eithera singleclotting factor 
within the common pathway or multiple factors within 
both the intrinsic and extrinsic pathways, or due to the 
presence of a circulating illl~ibitor of coagulation such 
as heparin. Isolated prolongation of the OSPT alone is 
highly suggestive of early or mild poisoning with 
anticoagulant rodenticides,althoughacongenital defi- 
ciency of factor VII (a condition that is rare and often 
subclinical) could cause the same haenlostatic abnor- 
mality. Most of the conditious that can mimic the 
haemostatic abnonnalitiescausedby theanticoagulant 
rodenticides can be excluded by thorough history 
taking, pl~ysical examination and simple diagnostic 
tests including haematology, serum biochemistry, 
thoracic and abdominal radiography and, if indicated, 
liver function tests. A more complete haematological 
and haemostaticprofileshouldenableidentificationof 
disseminated i~ltravascular coagulation (see Chapter 
14v), which often causes microangiopathic haemo- 
lytic anaemia (recognized as schistocytes on a blood 
smear), thrombocytopenia, hypofibrinogenaemia and 
increased concentrations of fibrin degradation prod- 
ucts. Clinicians should remember, however, that 
rodenticides can themselves cause tluombocytopenia, 
due to unknown causes. 

Response to treatment with vitamin K should dif- 
ferentiate coagulopathies due to a deficiency of func- 
tional vitamin K from other disorders of haemostasis 
(Forbes et al., 1973; Mount et nl., 1986). Poisoning 
with anticoagulant rodenticides responds to the appro- 
priate oral or parenteral doses of vitamin K, whereas 
vitamill K deficiency caused by poor intestinal absorp- 
tion of the vitamill may only respond well to drugs 
given parenterally. Samples for evaluation of haemo- 
stasis should always be collected before commence- 
ment of treatment, and treatment can then be started 
before the results are obtained. An ACT, which is 
almost invariably prolongedinanimalsactively bleed- 
ing from rodenticide poisoning, can always be per- 
formed rapidly in practice and treatment commenced 
before laboratory evaluation of OSPT and APTT. 
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Morespecialized testscat~establishaspecificdiag- 
nosis of poisoning withal~ticoagulant rodenticide even 
if a source of the toxin can not be identified. In 
situations of vitamin K deficiency of any cause, the 
non-functional vitamin K-dependent clotting factors 
build up in hepatocytes and 'spill over' into the circu- 
lation. These non-functional factors are known as 
PIVKA or proteins induced by vitamin K absence, and 
are only detectable in the serum of patients wit11 
vitami~~Kdeficiency. Measurement of PIVKA may be 
available in some specialist centres, and the assay is 
consideredto beevenmoresensitive than theOSPTfor 
detecting early poisonings (Mount, 1986). Alterna- 
tively, researchers have shown that once vitamin K is 
given to an animal with anticoagulant rodenticide 
toxicity, large amounts of the epoxide form of vitamin 
K are produced in the hepatocytes as the active 
hydroquinonefor~nof thevitamin is used toregenerate 
essential fnt~ct io~~al  clotting factors. The epoxide the11 
'spills over' into the circulation as the ongoing inhibi- 
tion of the vitamin K epoxide reductase enzyme by the 
toxin prevents metabolism of this inactive form of 
vitamin K (Mount and Kass, 1989). A surge in serum 
concentrations of vitamin K epoxide 4 to 8 hours after 
the administration of vitamin K therefore specifically 
confirms a diagnosis of poisoning with anticoagulant 
rodenticide. To date, however, measurement of vita- 
min K epoxide has only been available as a research 
tool. Finally, specialist toxicology laboratories may on 
request assay to detect the presence of specific anti- 
coagulants in stomach contents, unclotted blood, urine 
or tissues such as the liver or kidney (Beasley and 
Buck, 1983; Mount etal., 1986; Mount, 1988; Dorman, 
1990; Poppenga and Braselton, 1990; Woody et al., 
1992; GreenandThomas, 1995; Petersonand Streeter, 
1996; Robben et al., 1998). 

TREATMENT 

Vitamin K 
Since vitamin K is a specific and highly effective 
antidote for inhibitors of the vitamin K-enzyme com- 
plex, administration of vitamin K is the mainstay of 
treatment ofpoisoning witha~~ticoagnlat~t rodenticides. 
Coagulation parameters return to normal within one or 
at most two days of the com~nencement of appropriate 
doses of vitalni11K (Hammer andcouto, 1991; Woody 
et nl., 1992) and remain within normal limits provided 
that the vitamin is given for as long as the toxin is 
within the patient's system. Since the first generation 
l~ydroxycoumarins such as warfarin have a half-life of 
less than a day and are therefore rapidly cleared from 
the body, treatment for more than a week is rarely 
necessary. By contrast, animals poisoned with the 
more potent and longer-acting indanediones and sec- 
ond generation hydroxycoumarins may require treat- 
ment for many weeks. 

Vitamin K ,  (phytonadione, pl~ylloquinone or 
phytomenadione) is the formulation of choice for 
treating a~~ticoagnlant poisoning (Beasley and Buck, 
1983; Mount et al., 1986; Hammer and Couto, 1991). 
Vitamin K, (menadione or menophthone), although 
much cheaper than vitamin K, is also much less effec- 
tive and sl~ould therefore never be used as a substitute 
for vitamin K, (Beasley and Buck, 1983; Mount and 
Feldman, 1982; Scl~ulman et al., 1986; Hammer and 
Couto, 1991). Treatment of severely affected patients 
usually commences with the parenteral (snbcutane- 
011s) administration of vitamin K,, which is then 
switched to oral therapy as they recover (Mount and 
Feldman, 1982). Vitamin K, should never be given 
intravenously as this route can cause an anaphylactic 
reaction (Mount and Feldman, 1982; Schulman et al., 
1986). Even in life-threatening emergencies, intra- 
venous administration of the vitamin does not signifi- 
cantly hasten recovery as the animal still needs time to 
regenerate functional clotting factors. Although intra- 
muscular administration of vitamin K is recommended 
by some clinicians, it is associated with an increased 
risk of haematoma fonnation (Hammer and Couto, 
1991). Althougll most clinicia~lsswitch to oral vitamin 
K, within a day or two of commencing treatment, 
subcutaneous therapy can becontinued if the oralfonn 
of the vitamin is not readily available or if there are 
concerns regarding the efficacy of intestinal absorp- 
tion of vitamin K (infiltrative bowel disease or biliary 
obstruction, for example) (Mount, 1988; Hammer 
and Couto, 1991). Oral vitamin K is best given with 
a fatty meal to facilitate intestinal uptake (Hammer 
and Couto, 1991). 

The standard vitamin K, dosage recommended for 
the treatment of poisoning with first generation 
hydroxycoumari~~ rodenticides is a loading dose of 5 
mg/kg s.c. (often given at multiple sites) followed 12 
hours later by an ongoing mail~tena~~ce regimen of 2.5 
mg/kg s.c. or orally given as a twice daily divided dose 
for one week (Mount et al., 1986; Hammer and Couto, 
1991). The same dosing regimen is recommended for 
animals exposed to the indanediones or second genera- 
tion hydroxycoumarins, but the maintenance regimen 
is co~ltinued for 2 to 3 weeks and an OSPT is re- 
evaluated 2 days after therapy is discontinued (Mount 
ct al., 1986; Hammer and Conto, 1991). Maintenance 
therapy is continued for two further weeks if the OSPT 
is still prolonged (Hammer and Couto, 1991). Moni- 
toring of therapeutic response by measurement of an 
ACT, which can be cheaply performed in house, is less 
desirable because the test is less sensitive than the 
OSPT to early relapses of haemostatic dysfunctio~~ 
(Mount et al., 1986). The ACT must therefore be 
performedat least4days afterdiscontinuingvitamin~ 
(Mount, 1988). 

Vitamin K therapy of too inadequate a dosage or 
duration to treat the more potent forms of anticoagu- 
lant rodenticide effectively is a major cause of unex- 
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pected morbidities and mortalities. For this reason, 
some clinicians recommend that, if cost is not a major 
issue and owner compliance cannot be absolutely 
guaranteed, a 'double dose' maintenance regimen of 
vitamin K, (5 mg/kg split twice daily) should be given 
to those patients poisoned by the more potent 
rodenticides (Mount and Feldman, 1982; Robben et 
al., 1998). Oneexperimentalstudy, however, hasshown 
that although this higher dose is well tolerated in most 
dogs, individual animals may develop a Heinz body 
haemolytic anaemia (Eemandez et al., 1984). When- 
ever owners do not wish to repeat test haemostasis to 
monitor response to therapy, vitamin K, should be 
given for at least 3 weeks, and the animal should then 
be strictly rested for a further week after treatment is 
discontinued (Mount et al., 1986). Patients should be 
treatedfor suspected poisoning with apotent anticoagu- 
lant if the source of the toxin cannot be identified. 

Transfusion 
However promptly vitamin K therapy is commenced 
in a patient poisoned with anticoagulant rodenticide, 
functional clotting factors may not be generated for 
one or even two days (Schulman et al., 1986; Hammer 
and Couto, 1991; Peterson and Streeter, 1996). 
Severely affected patients can therefore rapidly suc- 
cumb to life-threatening haemorrhage despite receiv- 
ing vitamin K. In these patients, functional clotting 
factors must be provided by transfusion to ensure 
survival over the first day of treatment with vitamin K. 
Compared with many of the other clotting factors, the 
vitamin K-dependent factors are relatively stable with 
storage. They are still viable in plasma extracted from 
refrigerated whole blood stored under standard condi- 
tions for at least a month (Stone and Cotter, 1992; see 
Chapter 15). Missing clotting factors and red blood 
cells may therefore be provided by either fresh or 
stored whole blood if patients present with bypovol- 
aemic shock or acute blood loss anaemia, and vitamin 
K-dependent factors alone may be provided by any of 
the standard plasma products (fresh, stored, frozen or 
fresh frozen plasma) if the patient does not require 
concurrent red cells (Monnt and Feldman, 1982; 
Schulman et al., 1986; Hammer and Couto, 1991). 

Other 
Induction of emesis or gastric lavage to remove gastric 
contents may prevent toxicity in animals with recent 
suspected or confirmed ingestion of rodenticides 
mount et al., 1986; Schulman et al., 1986; Hammer 
and Couto, 1991). These are, however, of little use and 
may in fact precipitate gastrointestinal bleeding once 
the toxin has caused impairment of haemostasis. 
Haemostatic function in animals with possible expo- 
sure to toxin should be regularly monitored, either by 
measurement of an ACT or, preferably, an OSPT, for 
at least one weekaftersuspectedexposure, andvitamin 
K therapy commenced if defects are detected. 

In patients with confirmed anticoagulant toxicity, 
haemorrhage can be minimized by strict cage rest 
and avoidance of unnecessary venepuncture, cath- 
eterization, surgery and other potentially traumatic 
procedures until vitamin K (with or without trans- 
fusion) corrects hemostatic defects. Patients with 
acute hypovolaemic shock may require intravenous 
isotonic crystalloids, hypertonic saline, bovine poly- 
merized haemoglobin or whole blood, whereas dys- 
pnoeic animals may need oxygen supplementation 
(Monnt et al., 1986; Green and Thomas, 1995). Thera- 
peuticthoracocentesis is indicatedinanimals withsevere 
dyspnoea due to haemothorax, and pericardiocentesis is 
indicated in patients with cardiac tamponade due to 
haemopericardium(Mountetal., 1986; Schnlmanetal., 
1986; Hammer and Conto, 1991; Petrus and Henik, 
1999). Aspiration of blood from body cavities should, 
however, be avoided unless absolntely necessary, 
because of the associated risk of traumatically precipi- 
tatingfurtherhaemorrhage(Mountetal., 1986;Schulman 
etal., 1986; GreenandThomas, 1995). Aspiratedblood 
can be used for emergency antotrausfnsion in animals 
with acute severe blood loss (Figure 14.34). It should be 
remembered, however, that the autorransfwed blood 
will not provide functional vitamin K-dependent clot- 
ting factors. Antotramfnsions should always be pro- 
vided through an in-lie filter to remove microthrombi 
(Green and Thomas, 1995). 

Figure 14.34: Autotransfusion in a dog with severe 
haemothorax secondary to poisoning with anticoagulant 
rodenticide. Blood is being aspiratedfrom the thoracic 
cavirv and collected into multiule larae svrinaes. The - -  
contents of the syrrnges are then given intravenously into 
the same uatient throuah an in-line filter. No anticoaaulanr 
is neededfor this process. 

PROGNOSIS 

Provided that patients do not present in extremis or that 
bleeding has not occurred in a location that could cause 
irreversible damage (the central nervous system, for 
example), poisoning with anticoagulant rodenticides 
should be a readily treatable condition. The unaccept- 
ably high mortality rates associated with this poisoning 
probably reflect delays in obtaining a correct diagnosis 
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and failure to treat the condition aggressively enough. 
Practitioners should therefore be aware of the typical 
clinical signs of defective secondary haemostasis and 
thediagnosticteststhat are indicated inaffectedpatients. 
They should also be prepared to treat acute emergencies 
with blood products as well as vitamin K, and, in 
animals exposed to second generation rodenticides, to 
provide the vitamin for extended periods. 
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CHAPTER FOURTEEN 

(v) Disseminated Intravascular 
Coagulation 

Steven A. Holloway 

INTRODUCTION 

Disseminated intravascular coagulation (DIC) is a 
serious complicating event in the pathophysiology of 
many diseases. Reported death rates in fulminant 
DIC are high, and the diagnosis of DIC has often 
been regarded as forecasting the death of the patient. 
So much has the catastrophic nature of DIC been 
emphasized that DIC is often regarded as an indi- 
vidual disease, without proper consideration of the 
initiating illness. DIC should be regarded as a 
mechanism of disease secondary to other severe 
clinical disorders. 

For many clinicians, DIC is a confusing disorder. 
Much of the confusion stems from the fact that many 
of the diseases causing DIC vary in severity and 
prognosis, the clinicalsigns arevariable, there is a lack 
of consensus regarding the appropriate laboratory tests 
to confirm a diagnosis and there is varied opinion 
regarding appropriate treatment regimens. This chap- 
ter explains the pathogenesis of DIC and discusses the 
clinical signs related to the condition and its laboratory 
diagnosis and treatment. 

DISSEMINATED INTRAVASCULAR 
COAGULATON 

Definition 
Bick (1994) defined DIC as a systemic 
thrombohaemorrhagic disorder found in association 
with well defined clinical situations and laboratory 
evidence of procoagulant activation, fibrinolytic acti- 
vation and inhibitor consumption and biochemical 
evidence of end-stage organ damage. 

Pathophysiology of DIC: blood clotting 
mechanism 
The homeostatic mechanisms that control bleeding 
after hlood vessel injury involve the complex interac- 
tion of the coagulation and anticoagulation systems. 
It is convenient to view the process of hlood clotting 
as the generation of the powerful serine protease, 
thrombin (Figure 14.35). Thrombin cleaves the solu- 
ble plasma protein, fibrinogen, so that an insoluble 

meshwork of fibrin strands develops, enmeshing 
red cells and adherent platelets and forming a stable 
clot. The clotting mechanism is triggered by injury 
to blood vessels and involves the coordinated inter- 
action of over 20 different proteins in the clotting 
cascade. The end result of this process is the genera- 
tion of active thrombin and the formation of fibrin. 
Injury to the vessel wall causes platelet aggregation 
and provides a specialized surface that initiates and 
localizes the clotting mechanism. Although the 
arrest of bleeding after injury is initiated within a 
few seconds, it is not complete for several hours and 
is limited to the site of injury by the anticoagulation 
system. In the context of preventing DIC, the limita- 
tion of the clotting mechanism to the active site of 
injury is important. Once generated, thrombin has 
powerful proteolytic properties, accelerating the 
formation of activated clotting factors including 
thrombin from prothrombin and causing the aggrega- 
tion of platelets. Once a critical amount of thrombin 
is formed, a cycle develops that causes more clotting 
to occur and amplification of the coagulation 
cascade. This process would ultimately lead toDIC if 
it were not for the presence of intravascular anti- 
coagulants in the normal animal. 

The anticoagulation system 
The anticoagulation system represents the mechanism 
whereby the hlood coagulation pathways are 
downregulated. Once activated, the extent and control 
of the clotting mechanism is limited by the relative 
local concentrations of activated coagulant and antico- 
agulant proteins. Anticoagulant proteins include anti- 
thrombin 111 (ATIII) and proteins C and S. ATIII is an 
a, globulin that hinds and inactivates serine proteases, 
including thrombin (Figure 14.35). Complexesof ATIII 
and protease are then removed by the mononuclear 
phagocyte system (MPS). The antiprotease activity of 
ATIII is enhanced by heparin and heparin-like sub- 
stances, and these are norqally produced by perivas- 
cular mast cells. About 80% of the total anticoagulant 
effect of plasma comes from ATIII. Additional plasma 
proteins, including a, antitrypsin and a, macroglobu- 
lin, also remove activated serine proteases from the 
circulation. 
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Figure 14.35: Pathogenesis of disseminated intravascular coagulation. 
Ai711, antithrombin 111: FDPs, fibrinogen degradation products; Xlla, activated factor XI / .  

Once thrombi is formed from prothrombin, a large acts as an anticoagulant by inactivating the activated 
amount of it is adsorbed to the newly generated fibrin factors V and VD. Another plasma protein, protein S, 
strands and prevents dissemination of the clotting pm- acts as a cofactor for protein C. Finally, a major limita- 
cess.Thrombomodulin, aprotein boundto the endothe- tion totheprocess of clotting is the removal and dilution 
lium, binds thrombin. The binding of thrombomodulin of activated clotting factors by the microcircnlatoty 
with thrombin not only removes thrombin but the com- flow of blood. The constant flow of blood past the site 
plex so formed activates plasma protein C, which then of activation of clotting removes activated clotting 
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factors and facilitates the removal of inhibitor protease 
complexes from the circulation by the MPS. 

Fibrinolysis 
The final stage of the coagulation process is fibrino- 
lysis, which is initiated by the action of thrombi 
during clotting, together with the release of plasmino- 
gen activators from the damaged blood vessel wall. 
These plasminogen activators convert plasminogen 
to the active form, plasmin, which then digests the 
fibrin clot. Plasmin protease inhibitors include 
a, antitrypsin, tissue plasmin inhibitor (TPI) and 
q macroglobulin. These rapidly inactivate any circu- 
lating active serine proteases including thrombin 
and plasmin (Figure 14.35). 

Activation of the coagulation system 
The pathophysiology of DIC is shown in Figure 
14.35. Essentially there are three processes that 
can initiate activation of the coagulation system: 
endothelial injury exposing suhendothelial collagen, 
which then activates factor XI1 (Hageman factor) 
and subsequently activates the intrinsic clotting sys- 
tem; release of tissue thromboplastin from damaged 
tissue, which activates the extrinsic clotting system; 
and mechanisms involving the direct release of 
procoagulants into the circulation causing activation 
of the clotting cascade. This includes substances 
such as snake venoms and phospholipids from dam- 
aged red cells. 

DIC occurs when the clotting mechanism becomes 
activated widely throughout the circulation. This 
widespread activation of the coagulation system 
consumes the essential protease inhibitors, allowing 
thrombin and plasmin to circulate systemically. 
Circulating thrombin may then generate fibrin 
monomers from fibrinogen and these are polymer- 
ized to form fibrin in the circulation. The deposition 
of fibrin in the microcirculation in turn entraps 
platelets and leads to vascular thrombosis, ischaemia 
and end-stage organ failure. 

The systemic circulation of plasmin causes cleav- 
age of fibrin into fibrinogen degradation products 
(FDPs). Circulating FDPs may then interfere with 
fibrin monomer polymerization. FDPs may also bind 
to platelet membranes and induce a platelet function 
defect that further contributes to haemorrhage (Bick, 
1994). Additionally, circulating plasmin activates the 
complement cascade, causing redcell and platelet lysis 
and the release of additional procoagulant substances. 
Furthermore, activation of the complement system 
increases vascular permeability, contributing to hypo- 
tension and shock and further activation of factor XII. 
Activated factor XII contributes to the generation of 
circulating kinins (including bradykinin) and subse- 
quently increased vascular permeability, hypotension 
and shock. Shock promotes microcirculatory or ve- 
nous stasis, which further promotes microthrombosis 

by allowing the accumulation of activated clotting pro- 
teins and preventing the removal of activated clotting 
factom by the MPS (Slappendel, 1988; Bick, 1994). 

Aetiology 
DIC occurs in association with a wide variety of 
clinical entities. Figure 14.36 summarizes those 
disorders most commonly associated with DIC in 
small animals. 

I Thyoid carcinoma 
Mammary carcinoma 
Haemangiosarcoma (see Figure 14.37) 
Lymphoma 
~~eioproliferative diseases 
Inflammatory 
Panereatitis 
Chronic active hepatitis 
Haemorrhagic gastroenteri 
Severe bums 

~flatoxicosis 
Canine infectious hepatitis (canine adenovirus 1 
infection) 

Leptospirosis 
Canine parvovirus infection 
Feline infectious peritonitis 
Canine babesiosis (Babesia canis) 
Canine ehrlichiosis (Ehrlichia canis) 
Rocky Mountain spotted fever (Ricketzsia spp.) 
Canine m.giostrongylosis 

I Canine he&womdisease " I 
11 Immune mediated d 
I Immune-mediated haemolvtic anaemia I 

Systemic lupus erythemafosus 
Other 
Heat stroke 
Tumour lysis syndrome 
Venomous snake bite 

Figure 14.36: Common clinical disorders associafed with 
disseminated intravaxular coagulation in smaU animals. 

Clinical signs 
DIC occurs with a variety of diseases, and depending 
on the interplay of the processes of coagulation and 
fibrinolysis, clinical signs are related to haemorrhage 
orthrombosis(Green, 1981; Greene, 1983;Bick, 1994). 
Depending on the extent, severity and speed 
of onset of the initiating disease, DIC may have vari- 
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able clinical signs ranging from an acute fulminant 
process to a chronic low grade process. Severe fulmi- 
nant DIC is characterized by generalized bleeding 
from body orifices, muwsal petechiae or ecchymoses 
and baematuria. Additionally, organfailure frequently 
occurs after obstruction of the mimocirculation by 
fibrin thrombi. In particular, acute olignric renal fail- 
ure, dyspnoea, bloody vomitus, diarrhoea and coma 
are frequent clinical signs in DIC. It is important for 
the clinician to realize that haemorrhage occurs as a 
late event in the pathogenesis of DIC. Severe DIC 
may manifest as organ failure before serious haemor- 
rhage develops. For example, a patient with heat 
stroke may develop olignric renal failure and respira- 
tory distress resulting from microthrombosis in these 
organs before the onset of haemorrhage. Laboratory 
tests may confirm the presence of DIC before the 
onset of haemorrhage. 

In contrast, chronic DIC may be associated with 
minimal clinical signs, orsignsrelated to microcircu- 
latory thrombosis may occur and an increasing 
bleeding tendency may be seen. As would be 
expected, chronic DIC is often noted in diseases 
characterized by a protracted course of tissue or 
endothelial damage, such as malignant metastatic 
or autoimmune disease (Figure 14.37). In these 
cases abnormal coanulation may be detected, but - 
clinical signs may be mild or inapparent because 
of a compensatory increase in the production of 
platelets and clotting factors. In such instances low 
grade consumption of platelets and clotting factors 
may occur, predisposing to potentially disastrous 
bleeding complications after surgery. Similarly, after 
the treatment of large volume tumours with chemo- 
therapeutic agents, the destruction of large amounts 
of tumonr and release of procoagulants may contrib- 
Ute to the progression from chonic DIC to acute 
fulminant DIC. 

Diagnosis 
A presumptive diagnosis of DIC should be considered 
when: 

. Clinical signs of a bleeding disorder are 
auoarent . . 
Clinical signs relating to multiple organ failure 
develop after an initial problempredisposing toDIC, 
for example, gastric dilation-volvulus, heatstroke, 
sepsis, pancreatitis, chemotherapy for neoplasia 
An initial problem predisposing to DIC exists 
and laboratory evidence of coagulation 
abnormalities are present, for example, 
thrombocytopenia or prolonged coagulation 
tests. A useful in-house screening test for 
detecting abnormalities in the intrinsic and 
common clotting pathway factors is the 
activated clotting time (ACT) (Fignre 14.38). 

Figure 14.37: Dis zc hae, ,sarcoma 
in the t h o r n  of a dog with disseminated rntravascular 
coa~ulatron (DICI. Manv anrmak wrth dzsseminared , , 
n~ulig,ro,tcrcs have 1ahorar1,ry evidetrcr of cul,ocula or 
chromr DIC, ivlzich ma). ur muy 11ut be rlinirull) nzunifesred. 

Figure 14.38: 
Activated clomng rest 
(ACT). Measurement 
of clonrng by the ACT 
provldes a useful 2 -  

house screemng test 
for the presumptrve 
d~annosis of 

I zntruv~culnr 
coagulafion (DIC) 
Whole blood is added 

t o ,  urhuLrL. .,de inverted andplaced in a water bafh 
at 37'C. Every I5 seconds the tube is inverfed and rnspected 
for the presence of a clot. The time taken to clot is the ACT. 
Pr~bngution of the ACT (>I20 seconds in dogs and >90 
seconds in cats) shouldulerrrhe clrnrc~an to the possrbility 
of DIC. 

The defmitive diagnosis of DIC should include at 
least three of the following: 

Moderate to severe thrombocytopenia (<100,000 
x lo9 plateletsll) 
Prolongation of the activated partial 
thromboplastin time (APTT) and prothromb'm 
time (PT) to greater than 25 % of control pooled 
normal plasma 
Reduction of ATm by 60% or less . Increase in PDPs to greater than 1:10 dilution 
(Fignre 14.39) . Detection of increased concentrations of fibrin 
monomers. 

Other supportive evidence may include: 

Hypofibrinogenaemia - The uresence of fragmented red blood cells. such - 
as sc'histocytcs, in blood smcars (Figure 14.40) . The prrsmcr histologically of fibrin 
microthrombi, partidarly involving the 
capillary and venous circkations. - 

www.vet4arab.co.cc



Disseminated Intravascular Coagulation 257 

Figure 14.39: Thefibrin degradation products (FDPs or 
FSPs) test is a semiquantitative slide agglutination test that 
uses rabbit anti-human FDP antiserum. The test can be used 
in dogs because rabbit antiserum cross reacts with canine 
FDPs, but the test gives variable results in cats. The results 
are scored (- 4 to 14)  by comparing the extent of 
agglutination in the patient's blood with positive control 
standards. The presence of increased concentrations of FDPs 
suggests the possibility of DIC but should be performed in 
conjunction with the measurement of coagulation times and a 
platelet count for a definitive diagnosis of DIC. 

" 

disseminated intravascular coagulation. Fragmentation of 
red cell membranes byfibrin strands in the microcirculatio~z 
occursfrequently in DIC. 

Theabove criteria have been adaptedfromFeldman 
et al. (1981), Green (1981), Greene (1983) and Bick 
(1994). 

Increases in concentrations of circulating fibrin 
monomers or FDPs should not by themselves be 
considered diagnostic of DIC. Increased concentra- 
tions of FDPs or fibrin monomers occur in a variety 
of other clinical situations in human medicine includ- 
ing pulmonary thromboembolism, haemolytic urae- 
mic syndrome (HUS) and myocardial infarction. 
Similar increases in concentrations of FDPs has been 
seen in canine pulmonary thromboembolism and in 
renal disease resembling HUS in the dog (Holloway 
et al., 1993). 

Localized intravascnlar coagulation with platelet 
and fibrin thrombus formation, thrombocytopenia and 
coagulation factor deficiencies has been recognized in 
humans with giant cavernous haemangiomas, hae- 
mangiosarcomas or disseminated vascular malignan- 
cies (Kasabach-Merrit syndrome) (Bick 1992). Similar 
localized consumptive coagulopathies have been docu- 
mented in the dog and such animals may develop a 
clinical pathology profile consistent with a diagnosis 
of DIC (Rishniw and Lewis, 1994). It is important to 
realize that some dogs with skin tumours or vascular 
tumours of internal organs may develop a severe 
localized consumptive coagulopathy. Insuch cases the 
differentiationof alocalizedconsumptive coagulopathy 
from DIC must be based on clinical examination and 
diagnostic imaging techniques. 

It is important for the clinician ta maintain a high 
index of clinical suspicion that DIC may develop 
secondarily in many severe medical illnesses. In many 
cases a presumptive diagnosis of DIC is often required 
for effective treatment of DIC to be instituted. This 
may precede all laboratory criteria being fulfilled that 
wouldallow a definitivediagnosis of DIC. On the basis 
of these aforementioned criteria, DIC may be divided 
into several categories (Figure 14.41). 

Laboratory findings 

rrom tnree welatea Noticeably prolonged ALL, rl ana r L I 

body sites Increased concentration of FDPs or fibrin monomers 
Severe bleeding and end-stage organ failure Noticeably decreased ATEl concentration 

Severe thrombocvtovenia 7 
monomers 1 

Noticeably decreased ATEl concentration 
Severe thrombocvtovenia 

I 
. A 

I Schistncvtes nresent on blond smears 

Figure 14.41: Clinical staging of disseminated intraoscular coagulation (DIC). (continued overleaJ) 
ACT, activated clotting time: PT, prothrombin time; P n ,  partial thromboplastin time; ATNI, antithrombin III. 
Adaptedfrom Bick (1994). Feldman et al. (1981) and Greene (1983). 
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1 Subacute DI( 
' No chnical signs 01 severe naemorrnage or 

overt end-stage organ failure but petechial 
haemorrhages may be evident on mucous 
membranes 

May be an increased tendency towards 
haemorrhage after venepuncture or trauma 

Laboratory findings 

Moderate to severe tluomoocyropema usuauy present 
Coagulation times (ACT, PT, PIT) may benormal, 
shortened or mildly prolonged 

m)Ps or fibrin monomers may be present 
ATlll concentration may be normal or decreased 
Serial evaluation of coagulation prof~les is strongly 
recommended 

Chronic 
Minimal clinical signs Coagulation tiin 

mildly prolonged or shortened 
Concentration of FDPs may be mildly increased 

I Platelet count may be nor& or increased 
Fipure 14.41 continued: Clznrcal staazlw of  dzssemrnated rnrravascular coaaulanon (DIG). - .  , . 
ACT, activated clotting time; PT, prothrombin time; PTI: partial thrombopLtin time; ATIII, antifhrombin 111. 
Adaptedfrom Bick (1994), Feldman et al. (1981) and Greene (1983). 

Treatment and improves the chances of controlling life- 
Aggressive and prompt treatment is always required threatening thrombosis or haemorrhage. Factors 
in the management of DIC. The most important such as hypovolaemia, hypoxaemia, endotoxaemia 
principle is to remove or inhibit the initiating disease and acidaemia contribute to the development of 
process. Removal of procoagulant stimuli signifi- DIC, and these should be treated appropriately (Fig- 
cantly reduces the intravascular clotting process ure 14.42). 

Correct anaemia and hypoalbuminaemia WI 

Colloidal volume expansion using Pentastarch (20 ml/kg/day) 
Cardiac support I Dobutamine (5-10 pglkglmin i.v. infusion) 

Monitor electrocardiogram for arrhythmia 
Renal support (if oliguric) Dopamine (2-5 pglkglmin i.v. infusion) and furosemide 2-5 mg /kg i.v. 

Monitor fluid therapy ---2al venous pressure and urir - ------. - 
Treatment of metabolic acidosis Sodium bicarbonate r uired 

Heparin 50-100 IU/kg in first bag (incubate 30 minutes before 
transfusion) 

Heparin 250-500 IU/kg tid s.c. 
Heparin 250-500 IU/kg tid S.C. 

Subacute DIC 
Chronic DIC 

Monitor ATID[, PT, PTT if possible 
Heparin 75-150 IU/kg tid S.C. 

Heparin 25-150 IU/kg tid s.c. 
Figure 14.42: Treatment of d i sseml~ted  intravascular coagulatron (DIC). 
ATIII, antrthrombin Ill; PP prothromb~n time; Pm partral thromboplastrn trme. 
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The second principle of treating DIC is to limit 
the intravascular clotting process. Again, failure to 
remove or lessen the initiating disease will almost 
always be associated with the eventual failure of 
factor replacement or anticoagulant therapy to 
alleviate DIC. A logical approach to the treatment 
of DIC is to individualize treatment options after 
assessment of the severity of clinical signs and 
laboratory abnormalities in the patient (Figure 
14.42). Foremost, the primary disease must be diag- 
nosed and treated promptly. If treatment for the 
initiating disease is likely to be protracted or if 
the intravascular clotting process cannot be stopped 
by treatment of the primary disease, then the intravas- 
cular clotting process must be blunted. The clinician 
should bear in mind that thrombosis, and not haemor- 
rhage, is more often the process thathasa major effect 
on mortality in DIC. Thromboses develop in small 
vessels and usually manifest as progressive end-stage 
organ failure. In this context the use of heparin to 
reduce the process of intravascular coagulation is 
logical. Subcutaneous heparin is givento most patients 
with DIC, the dosage based on an assessment of the 
severity of the condition (Figures 14.41 and 14.42). 
The use of subcutaneous low dose heparin provides 
the advantage of ease of administration and avoids 
the potential complications associated with rapid 
increases and decreases in blood heparin concentra- 
tions associated with intravenous heparin therapy. 
Furthermore, clinical data from humans with DIC 
suggest that low dose subcutalleous heparin is more 
effective than larger doses of intravenous heparin 
(Bick, 1994). 

Much of the controversy surrounding the treat- 
ment of DIC concerns the use of factor replacement 
and heparin anticoagulant therapy. To summarize 
the controversy, heparin may make bleeding worse 
and factor replacement may potentiate organ throm- 
bosis and the generation of FDPs. The author believes 
that if fulminant DIC is present, the patient should 
be given factor replacement in the form of a whole 
blood or plasma transfusion. The use of heparin 
alone is likely to be minimally effective when ATIII 
concentrations are severely reduced. The develop- 
ment of haemorrhage in DIC suggests exhaustive 
consumption of platelets, clotting factors and the 
natural anticoagulants, particularly ATIII. In this 
situation transfusion of fresh frozen plasma or fresh 
blood is required to replace clotting factors and 
ATIII. Heparin may then be given to prevent the 
consumption of the administered coagulation factors 
and potentiate the effect of infused ATIII. Whole 
blood has the advantage of providing platelets, 
although the platelet count is unlikely to be increased 
by more than 10 to 30 x 109/1 for each 500 ml of blood 
transfused in an average sized dog. 

A potential problem associated with the use of 
whole blood or plasma for factor replacement is the 

rapid degradation of coagulation factors, particularly 
fibrinogen, by plasmin. The subsequellt generation of 
FDPs may further exacerbate haemorrhage, and the 
formation of fibrin thrombi further compromises the 
microvascular circulation. In humans with DIC the 
administration of ATIII concentrates has proved an 
effective method of restoring ATIII concentrations in 
patients with fulminant DIC, without adding compo- 
nents that may potentially worsen the condition. Un- 
fortunately, ATIII concentrates for animals are not 
currently available to veterinarians. Although no stud- 
ies have been performed, the use of cryosupernatant 
may be superior in fulminant DIC at restoring ATIII 
without providing fibrinogen. If the patient contil~ues 
to haemorrhage, repeated plasma or possibly 
cryosupematant infusions should be given. Usually if 
therapy is successful haemorrhage will stop. Contin- 
ued haemorrhage, despite therapy for the underlying 
disease and rational therapy for DIC, is likely to be 
associated with a poor prognosis and reflects failure to 
control the underlying disease process. 
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CHAPTER FIFTEEN 

Practical Blood Transfusion 

Anthony Abrams-Ogg 

INTRODUCTION 

Transfusion is defiued as intravenous therapy with 
whole blood or blood products. Whole blood refers to 
blood that has not been separated into various prod- 
ucts. Historically, transfusion therapy has relied on the 
use of whole blood, and such use remains the most 
practical means of giving a transfusion in many veteri- 
nary clinics. 

Blood products include blood components and 
blood derivatives. Blood components are blood prod- 
ucts prepared either by centrifugation or, less com- 
monly, by apheresis. The most frequently used 
components are packed red blood cells (RBCs) and 
plasma. In many clinical situations a patient in need of 
a transfusion requires only a specific component of 
blood. The use of blood components allows several 
patients to benefit from one blood donation and re- 
duces the risks of transfusion reactions to unnecessary 
components. During the past decade there has been 
increasing interest in veterinary transfusion medicine, 
spurred on by advances in veterinary oncology and 
critical care, such that blood components are routinely 
prepared by certain institutions and commercial enter- 
prises in some countries. 

Both whole blood and blood components may be 
used shortly after collection ('fresh' products) or after 
storage ('stored' or 'banked' products). Before World 
War JI, blood banking was not extensively practised in 
human medicine. Donors were called in as needed and 
blood collected and immediately transfused. This re- 
mains the most common practice in veterinary medi- 
cine, although, as with bloodcomponent preparation, an 
interest in blood banking has flourished in the recent 
past. Blood banking allows immediate access to whole 
blood and blood components. Blood collection and 
component preparationcan be labour intensiveand time 
consuming. It may not be feasible or optimal to obtain 
and process blood on demand. For clinics that only 
occasionally need to perform a transfusion, blood bank- 
ing is probably neither costnor timeeffective as a certain 
percentage of stored components will have to be dis- 
carded because of limited shelf life. However, for emer- 
gency clinics and clinics with a large caseload requiring 
transfusion therapy, blood banking is essential. 

Blood derivatives are blood protein products pre- 
pared by using biochemical methods (e.g. ethanol 
extraction) to process large pools of donor plasma. 
Blood derivatives, which include albumin solutions, 
intravenous immunoglobulins and specific factor con- 
centrates, have had relatively limited use in veterinary 
medicine compared with blood components, and most 
products used have been of human origin. 

Transfusion may be more broadly defined to in- 
clude therapy with blood substitutes, which are pro- 
duced by using biotechnological methods. Blood 
substitutes include artificial colloids, oxygen trans- 
porters, platelet substitutes and human coagulation 
proteins produced by recombinant DNA technology. 
The first two have been used in veterinary medicine. 

This chapter reviews the practical aspects of trans- 
fusion therapy in the dog and cat. It is organized in a 
temporal fashion, beginning with the blood donor and 
blood donation followed by blood processing and 
banking, transfusion and transfusion reactions. Lastly, 
autotransfusion is discussed. Many of the recommenda- 
tions are based on current human blood banking and 
transfusion standards. It may not be possible for some 
veterinary clinics to meet these standards, especially in 
emergency situations. As with all therapy, the risks 
associated with a transfusion must be weighed against 
the potential benefits. Meeting less than ideal standards 
increases risks, but in the author's opinion a potentially 
life-saving transfusion should not be withheld because 
ideal transfusion practices cannot be followed. 

THE BLOOD DONOR 

Source 
Blood donors may be obtained from several sources. 
Each clinic must decide on the optimal source for its 
needs, and local regulations regarding animal use 
should be reviewed. In the United Kingdom, practi- 
tioners are advised to ensure that their source of donors 
is compatible with Home Office guidelines. 

Clinic owned 
The simplest approach for ensuring access to blood 
donors is to keep such animals in the clinic. The 
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number of animals depends on anticipated needs. For 
most general practices one to two dogs and cats will 
suffice. Some ethical concerns have been expressed 
about donor animal lifestyles, but these are easily 
addressed. The donors at the Ontario Veterinary Col- 
lege (OVC), for example, are animals that were des- 
tined for euthanasia. The animals are used as dooors 
for 2 years and then adopted into the community. The 
dogs are exercised regularly outside, and the cats are 
free to roam in an environtnentally enriched room. In 
determining the costs of this approach, the cost of food, 
use of space in the clinic and staff time should be taken 
into account. 

Donor programme 
An alternative to clinic-owned animals is the use of 
pets owned by the clinic's staff. An extension of this 
approach is a donor programme, where client-owned 
animals donate blood in exchange for benefits such as 
free annual examinations, vaccinations and pet food. 
Pet owners can be 'on-call' if fresh blood is required, 
and/or their animals can donate blood regularly if the 
clinic practises blood banking. Such programmes can 
be excellent practice builders, although a slight risk is 
present for an adverse consequence of donation. The 
risk is more so with cats, which need to be sedated or 
anaesthetized for donation. Given the ease of keeping 
donor catsin theclinic, usingclinic-ownedcats may be 
preferable to using client-owned cats. It must be made 
clear to owners to what extent costs of dealing with 
unrelated medical proble~ns will besubsidized, if at all. 
The cost of such a programme, including lost revenue, 
must be calculated against the costs of keeping donors 
in the hospital. 

Aniinal control facilities 
Ananimal shelter orpound may allow blood donati011 
from stray or surrendered animals awaiting adoption. 
There are two principal disadvantages with the use 
of such donors. Firstly, because of unknown history, 
time constraints and expense, there is usually inad- 
equate screening for infectious and metabolic dis- 
eases. Secondly, there are ethical and public relations 
concerns. 

Ter~ninal  donors 
These are animals that are being euthanased, either at 
animal control or research facilities or at clinics for 
behaviour problems or medical disorders that do not 
affect the quality of donated blood. Thesame concerns 
exist as fornon-terminal donations from pound-source 
animals. The main advantage of terminal donors is that 
large volumes of blood (up to 50% estimated blood 
volume) can be collected. 

Commercial blood bank 
Commercial small animal blood banks exist in some 
countries, which supply selected blood products. 

The canine donor 
The ideal canine blood donor is a friendly, clinically 
normal, nulliparous, large breed dog with normal body 
weight, and has easily accessible veins and a universal 
donor blood type (see Canine blood groups). Grey- 
hounds are often used for these reasons and because of 
availability wheo retired from the track. (The life span 
of Greyl~oundRBCs isshorter than that of other breeds 
(Novinger er nl., 1996). It is not lcnown if the survival 
of Greyhound RBCs after transfusion is lower than in 
other breeds. If it is, it is unlikely that this has any 
detrimental effect 011 the immediate benefits of a 
transfusion.) Donors should be young to middle aged; 
dogs up to 8 years of age are used at the OVC. 

A donor should weigh 28 kg or Inore so that a 
standard blood donation can be given without exces- 
sive volume depletion (see Blood donation). Smaller 
dogs can donate when a smaller transfusion volume is 
being considered (e.g. pediatric transfusion). A high 
donor packed cell volutne (PCV) is desirable when 
RBC transfusion is planned, whereas a lower PCV is 
desirable when plasma and platelet products are being 
made. Greyhounds normally have high PCVs and low 
to low-normal platelet counts. 

Te~npera~nent  
Blood can be collected from an uncooperative dog by 
usingsedation or general anaesthesia, butregular blood 
donors should be sufficiently tractable to permit dona- 
tion with either manual restraint or light sedation, 
especially if they are client-owned. Many dogs habitu- 
ate to the procedure, and sedationcan be discontinued. 

Clinical evaluation 
Donors are considered to be clinically normal on the 
basis of standard history and physical examination 
findings. These should be reviewed before each dona- 
tionand thedonationcancelledif thereis any suspicion 
of a relevant disorder. Typical reasons for cancellii~g a 
donation include bite wounds or acute vomiting and 
diarrhoea. Similarly, blood should be discardedfrom a 
dog that develops a fever or other signs of potentially 
infectious disorders within a week of blood donation. 
In a client-owned donor programme, owners are ad- 
vised to report such events. Annual laboratory evalu- 
ation consistil~g of a complete blood count, serum 
biochemistry profile, urinalysis and faecal examina- 
tion for parasites is often recommended, but the value 
of such screening is not known. Certainly the donor's 
PCV and total solids protein should be measured 
before each donation. 

Pregrzarzcy: Pregnant bitches should not be used as 
donors, as donation poses an undesirable stress on the 
donor and fetuses. Furthermore, bitches that have had 
previous pregnancies should not be used. The concern 
is that there is a risk that a DEA (dog erytluocyte 
antigen) 1.1 negative bitch (see Canine blood groups) 
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bred to a DEA 1.1 positive dog may develop anti-DEA 
1.1 antibodies. This increases the risk of a minor 
incompatibility reaction. 

Vncci~zatiorz status: Blood donors should be current 
on vaccinations, but these should not be given withill 
10-14 days of a planned donati011 because of the 
potential for modified live vaccines to alter platelet 
number and function. 

Infections and yal.nsites: Donors should be free of 
parasites and infectious diseases, especially those 
that are blood borne. Depending on risk of infection 
based upon geographical location and other factors, 
dogs may be tested for infection with Brucella 
canis, Borrelia brrrgdorferi, Ehrliclzia spp., Rickett- 
sia r-ickettsii, Bartonella vinsonii, Babesia spp., 
Tr-yl~anosonra orrzi, Leislznlania spp. and Diro$laria 
inznritis. Periodical retesting may be required based 
on risk of exposure. 

Haen~oba~torzella carxis infection poses a unique 
concern as the organism is usually carried 
asympto~natically and only causes haemolysis in 
splenectomized dogs. In the carrier state it is rarely 
seenon theRBC, and no other test is available to detect 
infection. Nonetheless it can be transmitted by a blood 
transfusion from a carrier dog. For this reason it is 
solnetimes recommended that canine blood donors be 
splenectomized to reveal infection, and to remove 
infected animals from a donor programme. Although 
there are cases reported of canine haelnobartonellosis 
after transfusion, the prevalence of this occurrence is 
not known. Splenectomy reduces RBC mass and low- 
ers the adoptability of a clinic-owned donor, and 
certainly client-owned donors will not be splen- 
ectomized. Furthermore, trallsfusio~~ of H. car~is in- 
fected bloodis only likely to bea concern to dogs being 
treated by splenectomy, and the infection, if it occurs, 
is in most cases easily treated. As with all blood 
transfusioll decisions, each clinic must make its own 
risk-benefit assessment. Clinic-owned dogs, includ- 
ing Greyhounds with extensive travel history, are not 
splenectomized at the OVC. 

Splenecto~ny has also been recornmended to reveal 
carriers of Babesia spp. However, serological tests and 
immunosuppressive therapy with prednisone can also 
be used to help identify carrier animals. Another ap- 
proach is to treat donors empirically with ilnidocarb 
dipropionate (7.5 mg/kg i.m.). It should be noted than 
in areas with a high prevalence of babesiosis, there is 
a reasonable chance that the recipient is already in- 
fected, and one of the more common indications for 
RBC transfusion is acute anaemia due to this disease, 
where transmission of Babesia spp. from a carrier 
animal is not important. 

Ideally blood donors should not be infested with 
endo- or ectoparasites, but this lnay not be achievable 
in some geographical areas. Severe flea infestations in 

donors will aggravate anaemia due to blood loss, but 
mild infestations do not seem to pose health risls to 
either donor or recipient. This applies as well to mild 

.chronic Alzcylostonla carzirzurn infections. 
Dogs with potential for bacteraemia should not be 

used as donors. These include dogs with wounds, 
abscesses, surgical implants, extensive skin lesions, 
advanced periodontal disease and diarrhoea. In addi- 
tion, blood should not be collected from dogs with 
pyode~lna affecting the collection sites. 

Otlzer disorders: Dogs with immune-mediated disor- 
ders, cancer, organ failure and other systemic disor- 
ders should not donate blood because of the potential 
for undesirable stress on the donor and negative effects 
on blood quality. 

Drug therapy 
Donors should not be receiving any drug therapy 
because of the potential for undesirable effects in 
the recipient and on blood quality, especially if blood 
is being stored. Donor dogs living in heartworm 
endemic areas must receive prophylaxis, but heart- 
worm prophylaxis drugs should arguably not be 
given immediately preceding a donation. Donor dogs 
may also have routine flea control treatments, but 
such treatment immediately preceding donation is 
also discouraged. 

Previous transfusions 
Donors should not have received any transfusions 
because of the risks of developing antibodies that may 
cause minor incompatibility reactions (see Canine 
blood groups). 

The feline donor 
The ideal feline blood donor is a friendly clinically 
normal large cat (24.5 kg) with normal bodyweight. 
Males are preferred because of their larger size. At the 
OVC cats may donate blood up to 8 years of age. 
Because most feline transfusions are given to correct 
anaemia, a high donor PCV is preferred (235% at 
loweraltitudesand 240% at higheraltitudes). Pregnant 
queens should not be used for reasons given above. 
Previous pregnancy does not exclude a queen from 
donating blood. 

Clinical evaluation 
The same principles concerning exclusion of canine 
donors on the basis of systemic diseases apply to 
feline donors. Donor catsshould be housed indoors to 
minimize fight wounds and infections. With respect 
to specific infectious diseases, feline donors should 
test negatively for feline leukaemia virus and feline 
immunodeficiency virus infections. Status of donor 
cats with respect to feline infectious peritonitis (FIP) 
v i n ~ s  titre is controversial. It is well recognized that 
many clinically normal cats with positive FIP titres 
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have had enteric coronavirus infections and never 
develop clinical FIP. Nonetheless, to minimize the 
chance of a donor transmitting FIP virus, cats with 
negative FIP titres are preferred. 

The carrier state of Haemobartorzella felis poses 
thesame problemsinthecatasdoes H. carxisin thedog, 
although recipient cats more readily develop clinical 
disease without splenectomy. The recent availability 
of a polymerase chain reaction test for detection of H. 
felis should facilitate the removal of carriers from a 
donor population. Donor cats are not splenectomized 
at the OVC. 

Cats should also be tested for Bartonella heilselae 
and Bartortella clarridgeiae infection by serological 
and culture techniques. Although bartoliellosis is sub- 
clinical or causes only mild clinical disease in cats, 
removing infected blood donors is recommended be- 
cause of the organism's zoonotic potential. 

Dirofilaria irilnlitis and Babcsia spp. infections 
should be ruled out in endemic areas. 

Cats at the OVC are not routinely tested serologi- 
cally for Toxoplasrna gorldii infection. Cats raised 
indoors and fed a colnmercial diet will have negative 
titres, whereas cats previously outdoors are likely to 
have been exposed. If a titre (IgG) is obtained and is 
positive, then either an IgM titre should be obtained or 
the IgG titre repeated in 2-4 weeks to rule out active 
infection. As with all cats, donor cats shouldnot be fed 
uncooked meats. 

BLOOD GROUPS 

Blood groups are defined by inherited antigens on the 
surface of RBCs. They are important in transfusion 
medicine because of the risk of haemolytic reactions. 
Such reactions occur when there is antibody directed 
against a bloodgroup antigen. Theseverity of a haemo- 
lytic reaction depends on several factors. Two key 
points are: firstly, for a given antibody type, generally 
the higher the titre the worse the reaction; secondly, 
IgM-mediated reactions tend to be more severe than 
IgG-mediated reactions because of superior comple- 
ment fixation by IgM. A haemolytic transfusion reac- 
tion may occur as an acute intravascular crisis, 
dependent on complement activation by IgM or high- 
titre IgG, or as a delayed extravascular haemolytic 
event, dependent on IgG binding to RBCs (see Ad- 
verse Consequences of Transfusion). 

Canine blood groups 
Canine blood groups are classified by the DEA (Dog 
Erythrocyte Antigen) system. TherearesixDEAs (1.1, 
1.2, 3, 4, 5 and 7) defined by currently available 
internationally standardized antisera, but 20 or more 
specificities have been described. DEAs have not been 
extensively characterized for composition and struc- 
ture (Corato et al., 1997). 

Antigens 
DEA 1.1 and 1.2 arealleles. A dog may be negative for 
both antigens or positive for only one of them. At the 
OVC, Golden Retrievers, Labrador Retrievers and 
Rottweilers tend to bave DEA 1.1 or 1.2 blood type, 
whereas Greyhounds and German Shepherd Dogs tend 
to be DEA 1.1 and 1.2 negative. 

There are no naturally occurring alloantibodies 
to DEA 1.1 or 1.2, so these antigens will not cause an 
acute reaction during a recipient's first transfusion. 
If, however, a DEA 1.1 negative dog receives a 
transfusion from a DEA 1.1 positive dog, anti-DEA 
1.1 antibody for~nation (sensitization) will cause 
delayed haemolysis within 1-2 weeks. More impor- 
tantly, on subsequent exposure to DEA 1.1 positive 
blood, an acute haemolytic transfusion reaction will 
occur, with destruction of all transfused RBCs within 
12 hours. The reaction may be clinically moderate to 
severe, but is unlikely to be fatal (Giger et al., 1995). 
The situation is similar for sensitization to DEA 1.2, 
except that the reaction is less severe, with destruc- 
tion of transfused RBCs within 24 hours. A DEA 
1.1/1.2 negative dog sensitized to 1.1 RBCs may also 
have a delayed haemolytic reaction when transfused 
with 1.2 positive RBCs. 

Neonatal isoerythrolysis occurs when a sensitized 
DEA 1.1 negative female is bred to a DEA 1.1 positive 
male. Inheritance is autosomal dominant, therefore the 
likelihood is that some pups will be DEA 1.1 positive 
and have haemolytic disease. 

A thirdallelein theDEA 1 group,DEA 1.3, has also 
been described (Symons and Bell, 1991). DEA 1.3 
positive dogs are negative for DEA 1.1 and 1.2. Trans- 
fusing DEA 1.3 positive blood to a DEA 1.1, 1.2 and 
1.3 negativedog will result in productionof antibodies 
that will react with the 1.1, 1.2 and 1.3 antigens. 
However, dogs positiveforDEA 1.3 may type asDEA 
1.1 and 1.2 negative with conventional antisera. Thus 
it is possible for a transfusion of DEA 1.1 and 1.2 
negative blood to sensitize a DEA 1.1 and 1.2 negative 
recipient. This is one reason why crossmatching is 
always recommended when a recipient has been previ- 
ously transfused. 

Dogs may also be sensitized to DEA 3 , s  and 7 by 
transfusion. In addition, naturally occurring 
alloantibodies, similar to the situation with the ABO 
blood groups in humans, are present in low prevalence 
to DEA 3 and 5. The prevalence of naturally occurring 
antibodies to DEA 7 is controversial but has been 
reported to be 15-50%. Antibodies to DEA 3,5 and 7 
usually result in delayed haemolysis. The prevalence 
of such transfusion reactions is not known, but it is 
probably fairly low. 

Because most dogs are positive for DEA 4 and anti- 
DEA 4 antibodies do not cause haemolysis, this blood 
group has minimal transfusion significance. 

An acute haemolytic reaction has also been de- 
scribed in a dog sensitized to an RBC antigen present 
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in most dogs but distinct from the known DEAs (Callan 
et al., 1995). If such a patient requires transfusion, a 
closely related dog should be sought, which may also 
be negative for that antigen. 

Feline blood groups 
The feline A, B and AB blood group system is 
discussed in more detail in Chapter 16. Other blood 
groups have not been described. There is no universal 
donor because, unlike dogs, cats have naturally 
occurring alloantibodies and no null type; therefore, 
RBC incompatibility reactions will occur in nai've 
recipients. 

The reaction is typically peracute and someti~nes 
fatal at the beginning of a transfusion of type A or AB 
RBCs to a type B recipient. An acute reaction more 
similar to the acute reaction seen in dogs followed 
colnpletion of a transfusion of type A blood to a type 
B cat, with fever, icterus and destruction of trans- 
fused RBCs in 24 hours (Giger and Akol, 1990). 
This reaction may have been due to IgG rather than 
IgM. Delayed haemolysis occurs in type A recipients 
receiving type B or AB RBCs, and acute reactions 
may occur due to anti-A antibodies in type B donor 
plasma. 

Type AB cats are universal RBC recipients but 
are also at risk of incompatibility reactions from 
donor plasma antibodies (so-called minor incompat- 
ibility reactions). Type AB cats are best transfused 
with type AB blood, but, given the low prevalence of 
this blood type, the likelihood of finding another AB 
donor is low. Type AB cats can be acceptably trans- 
fused with type A blood because the low titre of 
anti-B antibodies is unlikely to be harmful (RBC 
washing can be considered if large volume trans- 
fusions are needed). Type AB cats should not receive 
type B blood products because of the frequently high 
anti-A antibody titre. 

BLOOD TYPING 

Donor and recipient RBC compatibility should be 
considered when selecting a donor. 

Blood typing in dogs 
The best way to prevent DEA incompatibility 
reactions is by determining blood type using antisera. 
Blood typing is commercially available in some 
countries. Polycloual alltiserum is produced by 
alloimmu~~izing a dog negative for a given DEA by 
injecting it with small quantities of blood positive for 
thatDEA. TbeRBCs to betypedareincubated with the 
antiserum in the presence of complement, witb and 
without antiglobulin, in a similar fashion to that 
described for crossmatching below. Haemolysis or 
agglutination indicates presence of the antigen in 

question. Antiserum produced by alloimmunizi~lg a 
DEA 1.1/1.2 negative dog with 1.1 positive blood will 
react strongly with 1.1 positive RBCs and cross-react 
weakly witb 1.2 positive RBCs. 

To facilitate detection of DEA 1.2, DEA 1.2 RBCs 
are injectedalong withDEA 1.1 RBCs toproducenon- 
specificanti-DEA 1.1/1.2antiserum. Laboratoriespro- 
viding limited blood-typing services typically use such 
antiserum. A dog with a negative reaction is classified 
as DEA 1.1/1.2 negative. A dog with a positive reac- 
tion is classified as DEA 1.1/1.2 positive, but it is not 
known which antigen is present. (DEA 1.1/1.2 nega- 
tive dogs have also been referred to as 'A-negative', 
and DEA 1.1/1.2 positive dogs as 'A-positive', based 
on the older terminology for dog blood group antigens. 
These terms are confusing and their contit~ued use is 
not recommended.) 

Further characterizationof apositiveDEA 1.1/1.2 
reaction may be achieved by using antiserumspecific 
for DEA 1.1. This antiserum is produced by 
al loimm~~nizing a DEA 1.2 positive dog with 
DEA 1.1 positive blood. A dog with positive DEA 
1.1/1.2 and positive DEA 1.1 reactions has a DEA 
1.1 blood type. A dog with positive DEA l.l/1.2 
and negative DEA 1.1 reactions has a DEA 1.2 
blood type. Specific anti-DEA 1.2 antiserum may 
also be produced from anti-DEA 1.1/1.2 antiserum 
using DEA 1.1 red cell absorption techniques to 
remove anti-DEA 1.1 antibodies. 

Some laboratories provide more complete charac- 
terization of blood type by using antisera for DEA 
3,4,5 and7. Atyping cardusing a muriue monoclonal 
antibody has recently become available for in-clinic 
use todetermineDEA 1.1 status (Rapidvet-H Canine 
1.1, DMS Laboratories). The experience at the OVC 
and elsewhere is that false-positive reactions may 
occur with the typing cards resulting in a positive 
predictive value of about 75% (Moritz et nl., 1998). 
False-negative reactions ]nay occur if the haema- 
tocrit is < lo%.  

RBC transfusions are colnlnonly given to emer- 
gency or urgent cases, and historically blood typing 
has only been performed at reference laboratories. 
For these reasons blood typing has traditionally been 
used only to select clinic-owned and client-owned 
donors and not to type recipients in order to match 
donors and recipients. 

Donor blood type 
A universal donor is negative for DEA l.l,1.2,3,5 and 
7. The minimal require~neut to prevent an acute DEA- 
mediated haemolytic reaction is that a donor be nega- 
tive for DEA 1.1 and 1.2. The minimal requirement to 
prevent amoderate toseveieDEA haelnolyticreaction 
is that a donor be negative for DEA 1.1. The clinical 
utility of more complete typing versus typing for DEA 
1.1 alone is not known. At the OVC, clinic-owned 
donors are typed as universal donors by an outside 
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specialist laboratory, andclient-owneddono~s are typed 
asDEA 1.1/1.2 negative by usingantiseraproducedin- 
house. The false-positive rate of the typing cards does 
not preclude their use for donor selection, but some 
potential DEA 1.1 negative donors will be excluded. 

Recipient blood type 
There is no universal recipient canine blood type. 
Detennining the blood type of the recipient would be 
beneficial in that it would allow the use of DEA 1.1 
positive and other non-universal donors. Although the 
availability of typing cards now permits rapid DEA 1.1 
blood type determination, the cards should not be used 
to type recipients, because dogs falsely identified as 
DEA 1.1 positive will become sensitized after trans- 
fusion with DEA 1.1 positive blood. 

Complete recipient blood type is occasionally de- 
termined for cases at the OVC where multiple trans- 
fusions are anticipated, in the event that non-universal 
donors can be used and thus prevent exhaustion of the 
regular blood supply. Merely typing recipients as DEA 
1.1/1.2 positive and transfusing them with DEA 1.11 
1.2 positive donor blood is not sufficient because it is 
possible that a DEA 1.2 positive recipient would 
become sensitized to DEA 1.1 and vice versa. 

It is often stated that because a first transfusion can 
begiven to any non-breeding dog without riskof acute 
l~aemolysis, it is unnecessary to type all donor blood 
and that it is acceptable to transfuse DEA 1.1/1.2 
positive blood once. These practices are discouraged 
because it is possible that the recipient tnay require 
future transfusions. Certainly only universal donor, 
DEA 1.111.2 negative or DEA 1.1 negative blood 
should be transfused to: 

. A dog transfused more than 4 days previously 
(anti-RBC antibodies develop within 4-14 days) - A dog wit11 a history of a transfusiotl reaction . A dog whose transfusion history is not known 

. A previously pregnant dog. 

The availability of typing cards greatly facilitates 
proper donor selection. Even if donor selection is 
limited, the typingcards can beused to determine if the 
recipient was transfused with DEA 1.1 positive blood 
and thus if the dog is at increased risk of future 
haemolytic transfusion reactions. 

Blood typing in cats 
Feline blood typing is discussed in Chapter 16. A 
typing card is available for in-house determination of 
A, B, and AB blood types (Rapidvet-H Feline, DMS 
Laboratories). Blood typing both donor and recipient 
in all cases is ideal. A crossmatch (see below) may 
identify blood type, especially if the blood type of 
either the donor or recipient is known. In the latter case 
the procedure is referred to as 'back typing'. 

CROSSMATCHING 

Crossmatching tests for anti-RBC antibodies by 
examining for agglutination and haemolysis. The 
technique is similar to blood typing, but in the latter 
a known antibody is used in the test to identify a 
specific RBC antigen. Crossmatching is an adjunct 
to, not a substitute for, blood typing, but it may be the 
only incompatibility test available. The major 
crossmatch detects recipient antibodies against 
donor RBCs. The minor crossmatch detects donor 
antibodies against recipient RBCs. A complete 
crossmatch is conducted at 37'C, room temperature 
(technically 25'C) and 4'C and includes an anti- 
globulin reagent (indirect Coombs' test). 

Procedures 
Numerous crossmatching procedures have been 
reported. Two methods are discussed, adapted to 
general practice from the methods used at the OVC. 
The rapid slide method (Figures 15.1 and 15.2) is 
roughly equivalent to phase I of the tube method. The 
tube method (Figures 15.3 and 15.4) is more cumber- 
some but superior as: 

Longer incubation is feasible with less rouleaux 
fortnation (pseudoagglutination), which 
facilitates detection of weak agglutinins . It facilitates grading of agglutination - It facilitates detection of haemolysis . It can incorporate an antiglobulin test. 

The author prefers the rapid slide test for cats and 
for dogs in an emergency. The tube test is recom- 
mended for dogs if time allows. 

In both methods either serum or plasma can be 
used. The use of plasma is more convenient. The use 
of serum is preferred in dogs as the presence of 
fibrinogen and other proteins in plasma increases 
rouleaux formation. In cats, rouleaux formation 
is nearly as strong in serum as it is in plasma. In 
both species, rouleaux formation is increased in both 
serum and plasma in the presence of increased 
levels of immunoglobulins and fibrinogen and in 
the presence of synthetic colloids. In any case the 
use of donor and recipient controls is important 
to observe for  rouleaux. The use of 4,4- 
diisothiocya1latostiIbene-2,2-disulphonic acid has 
been investigated to block rouleaux formation in 
human compatibility testing. 

Agglutinationmust be distinguishedfromrouleaux 
formation. This is easy to do with strong agglutination 
but may be difficult with weak agglutination when 
using the rapid slide method. The rouleaux formation 
may be strong, especially in cats and when using 
undilutedRBCs, and is macroscopically indistinguish- 
able from agglutination. 
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1. Collect 0.5-1 mlbloodinanEDTAtube * 1-Zmlinaclot tube fromiecipient and donor. Clearly labeltubes 
2. Centrifuge tubes at standard speed for the centrifuge in use (usually about 1000-1500 g for 5-10 

minutes) to separate RBCs from plasma and serum. If a centrifuge is not available, allow EDTA 
specimens to sit at room temperame for one to several hours until RBCs have sedirnented. Using 
separate pipettes (or syringes and 18 G needles) for each sample, transfer serum and/or plasma to 
separate tubes. Clearly label tubes. 

3. Prepare 4% donor and recipient RBC suspensions in tubes or syringes by mixing 0.2 ml packed RBCs 
and 4.8 ml saline. Use a separate pipette for each mixture and clearly label. This step is optional for the 
slide method. This dilution of RBCs in saline retards rouleaux formation and facilitates microscopic 
observation but results in less dramatic macroscopic agglutination. Further dilution may dilute 
doantibodies to the point of non-reactivity and may still not completely eliminaterouleaux. 

4. Label four glass slides as: 

- donor control (donor RBCs and donor serum or plasma) 
major X-match (donor RBCs and recipient serum or plasma) - minor X-match (recipient RBCs and donor serum or plasma) . recipient control (recipient RBCs and recipient serum or plasma). 

I On to each slide place either one drop of serum (or plasma) and one drop of RBC suspinsion or two drops 
of serum (or olasma) and one d r 0 ~  of undiluted RBCs. Ravidlv mix togcthcr with an applicator stick. I & .  

5. Gently rock ilides back and forthAand observe for macroscopic agglut&ation within 2 -utes (see 
Figure 15.2). Place on a coverslip and observe the wet mounts with a 40 x objective lens * a 100 x oil- 
immemion lens for microsco~ic agglutination within 5 minutes. 

Figure 15.1: Rapid slide nrerhodfir ~.russmorchrng. Tire author prefers ro are undilrrred m C s .  Ifresults are rqui~~uarl, rlre tecr i.s 
reouor<d wirh diiured KtlCs Reoearine !he rrsr i . ~  orefirred ro addiirz ceverul drous of>,rli,~e ro r11e slide. Ifsul~ne is added lo rhe ~ r ~ ~ . ~  - . . - . . 
slide, vigorous mixing is required to resuspend the RBCs, which may breakup weak aggregates. Ifthe test isstill equivocal, it is 
repeated as described in phase I of the tube method. 

Figure 15.2: Macroscop~c aggIutznatron and 
pseudoagglutlafzon in a felrne crossmatch. (a) Negative 
result at 2 mznutes with undiluted type B red cells and type A 
plasma, (b) Positrve result at 2 minutes wlth undiluted type A 
red cells and type Bplasma. (cj Pseudoagglutination (strong 
rouleaux formation) at I0 minutes with undrluted type A red 
ceLls andhioe A olasma. (dl Positive result at 2 minutes wzth 
4% suspe$ion Gpe A red cel&ind type Bplasma. 
fe)  Pseudoaaalurinarion at I0 minutes with 4% susDennon 
&e A red c z s  and type A plasma, 
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Phase I 

1-3.As Figure 15.1 forrapid slide method. Typically 12 x 75 mm glass tubes ate used, but any small 
glass tube will suffice. An optional recommended step with dogs is to wash the RBCs three times 
in saline before making the final 4% suspension. To perform this wash, add 0.5-1 ml of blood to 
the tube and fill the remainder of the tube with saline. Mix by invetting the tube and centrifuge at 
high speed for 1 minute (or longer if required to sediment the RBCs). Remove supernatant. Repeat 
twice more. 

4. Label glass tubes as described for slides, and into each tube place two drops of RBC suspension and 
two drops of semm or plasma, and mix by flicking the bottom of the tube. In addition, two drops of 
guinea-pig complement may be added.* A complete set of major and minor crossmatch and control 
tubes is required for each temperature at which the test is conducted.** 

5. Centrifuge at a low speed for 15-30 seconds, just enough to bring the cells together but not to pack 
tightly. 

6. Gently shake tubes ('wiggle and tip') to resuspend the cells. Hold up to Light (a radiograph viewing box 
works well) to observe for macroscopic agglutination and/or haemolysis (see Figure 15.4). C o n f i i  
agglutination microscopically. 

7. If strong rouleaux formation is present, recentrifuge the setum/plasma-RBC mixture. Carefully remove 
supematant with a pipette, replace with an equal volume of saline, and gently mix. Centrifuge the 
mixture once more, and then repeat step 6. 

Phase U 

8. If no agglutination is noted in step 6, incubate tubes for 30 minutes at test temperahue(s).** 
9. Repeat steps 5 and 6. 

Phase III (dogs) 

lo. AntigIobnlin test. Canine polyvalent antiglobnlm (containing anti-IgG, anti-IgM and anti-C3) is added 
to each tube, incubated for 30 minutes and samples ate centrifuged as above and observed for 
agglutination and/or haemolysis. This phase of the test is usually performed in reference laboratories. 

Figure 15.3: Tube method for crossmatching. 
Reference laboratories performing a complete crossntatch including an antiglobulin test wi l l  conduct the test at 37°C and room 
temperature and optionally at 4T. Anti-DEA I. I and anti-DEA 1.2 antibodies have maximum reactiviry at37OC, but clinically 
relevant titres should react at room temperature. Many other anti-DEA antibodies have maximal reactivity at room temperature, 
which is inpart why they are ofless clinical significance. Blood for transfusion ideally should be compatible at 37'C and room 
temoerature. but comoatibiliN at 37'C is most important. Cold (4°C) incompatibilities do not cause trarzsfusion reactions. 
" Addme ~~~rnplenzenl will promore derr.~ rrm of lraemoly.~i.s. 1hr.s rs ,nusr likelj ro vccar i , ~  rlrc prcwncr uf unrr-UEA 1.1 
u~zrihodier .4 szr,~i/ica,zr r~ r r r  ,~r l l ,  h~,,c.,~t~r, rz.salr 1,z dcarccruhle ilfifilttrinrrriu~z m the ub.\ei!cr ~,fco,~rplrnze,zr. Comple,nei~r i.s - .  
unlikely to be usedourside a reference laboratory, as the opkmumstorage temperature is -70°C. 
*" In a general practice the test is usually conducted at room temperature, but ideally it should also be conducted at 37°C. 

... ~ . >:>-:I 
Figure 15.4: Grading of agglutination reactions i11 a canine 
crossmatch. From left to right; 41, one solid aggregate of red 
cell.: 31, several lnrge aggregates; 2+, medium aggregates, 
clear background: I + small aggregates, turbid reddish 
background; +w, tiny or microscopic aggregates, turbid 
reddish background; negative. 

Microscopically, in aggregates of agglutinated 
RBCs, the cells are rafted together, randomly ori- 
ented and superimposed on each other (Figure 
15.5). A three-dimensional structure is apparent, 
as RBCs of different layers of the aggregate come 
in and out of focus when the fine focus of the micro- 
scope is adjusted. The size and density of aggregates 
vary with the alloantibody titre, RBC density and 
location on the slide. Compared with higher density 
aggregates, individual RBCs can be discerned 
more easily in lower density aggregates, which may 
resemble 'bunches of grapes.' Aggregate clumps 
may be connected by linear aggregate formations. 
One-dimensional linear formations resemble 'strings 
of beads.' 
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. -- .... 
in~~trrvion ob,ecrivc lens unlcs~ othenrise indrcarcd. (i,.(:clnine sittglr n,uleoux f u r m r  ;bith thc appearance o/a fallen oter 
suck ufcurnv. Such furmuriuns form in rhtn lager lvrr nrormrr. (1) LOIV dcmtry 12linc uggrcgare re.vtdri~tg irt u '.~rring of  head^' .. - 

effect. - ~ e d  cell crenhtion is ah;  present. (kj Medium sizefeline rouleaux ne&orkpulling apart forming a 'chain of limons'. 
(lj Largefeline aggregate pulling apartforming several 'chains of lemons: (m) Large canine rouleaw network bridged by a 
single ruuleaux formation (40X high-power objective lens). (nJ Lnrge high-density feline aggregate. Close inspection of the edge 
of large, high-density formations aids in distinguishing between rouleaux formations and aggregates. 

Microscopically, in rouleaux the RBCs are aligned 
face to face and thus appear as 'stacks of coins' (see 
Figure 15.5). In some cases the stacks may seem to 
have 'fallen over,' appearing as chains of overlapping 
RBCs. Canine rouleaux may not be quite as 'tidy' as 
feline rouleaux. Strong rouleaux clump together and 
form rouleaux networks, which may be connected by 
single rouleaux formations. The size and density of 
rouleaux networks vary with the serum or plasma 

protein content, RBC density, locationon the slide and 
time. Under 5 minutes using the rapid slide method 
most rouleaux will be single formations. Single rouleaux 
are predominantly one-dimensional in structure, and 
rouleaux networks are predominantly two-dimensional. 

Small aggregates and single rouleaux and medium 
size and/or density aggregates and rouleaux networks, 
can usually be distinguished. However, the large high- 
density aggregates and rouleaux networks that may 
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form when using undiluted RBCs in the rapid slide 
method may be difficult to distinguish. Examining 
other areas of the slide where smaller clumps may be 
present and close inspection of the edges of the clumps 
helps in making the distinction. Note, however, that 
rouleaux can form concurrently with aggregates and 
may stick to them. Also note that moving the slide on 
the microscope stage and using the oil immersion lens 
may mechanically break up both large rouleaux net- 
works and aggregates, which can both be observed to 
be 'sticky' as they pull apart and form transient 'lemon 
chains.' If clumps of RBCs cannot be determined to be 
aggregates or rouleanx networks, the test should be 
repeated with diluted RBCs. 

A rapidslide test using undiluted RBCs is superior 
for comparing strong macroscopic agglutination to 
rouleaux. Strong agglutination is usually evident 
within 1 minute and reaches a maximum reaction 
within 3 minutes. After 1-2 minutes in the cat and 
2-3 minutes in the dog, desiccation of the sample 

on the slide results in rouleaux formation, beginning 
at the edges of the sample. However, rouleauxforma- 
tion of equivalent intensity to strong agglutination 
requires 5- 10 minutes to form. Microscopically large 
aggregates and rouleaux can be identified, but 
small aggregates cannot he identified because of the 
high density of RBCs. 

A rapid slide test using diluted RBCs is superior for 
distinguishing agglutination androuleaux microscopi- 
cally and for detecting weak agglutination. In canine 
preparations, rouleaux will form in 3-4 minutes in 
plasma but will not form inserum with normal protein 
levels. However, as the slides are rocked the RBCs 
swirl and become unevenly distributed, mimicking 
macroscopic rouleanx. This effect may be more pro- 
nounced in serum than in plasma. In feline prepara- 
tions, macroscopic rouleaux formation begins within 
2-3 minutes. 

Figures 15.6 and 15.7 show the interpretation of 
crossmatching in dogs and cats. 

I Any agglutination and/or haemolysis at 37°C and/or room temperature is a positive test. I I Rapid slide orphase I-I1 of tube test: I - A positive major crossmatch indicates a significant antibody titre in the recipient against donor RBCs and 
precludes the use of that donor for RBC transfusion. Strong reactions are usually due to anti-DEA 1.1 
antibodies. Weak reactions are usually due to anti-DEA 1.1 or 1.2, and perhaps anti-DEA 7, antibodies. 
The stronger the crossmatch reaction, the more severe will be the clinical reaction after transfusion. . Apositive minor crossmatch indicates the presence of antibodies in the donor against recipient RBCs, 
with the stronger reactions usually being due to anti-DEA 1.1 antibodies as in the major crossmatch. The 
significance of the antibodies depends on the titre in the donor and the volume of plasma transfused. If 
the minor crossmatch reaction is strong, even small volumes of donor plasma may cause a significant 
transfusion reaction and precludes the use of the donor unless the donor RBCs are washed. With weaker 
reactions, packed RBCs from the donor may he transfused. With very weak reactions, transfusion of 
large volumes of plasma should be avoided. . Apositive recipient control indicates that the patient is antoagglutinating. If the major crossmatch is 
positive with a similar strength of reaction, agglutination is probably due to non-specific anti-RBC 
antihodies and not a specific anti-DEA antibody. . Apositive donor control usually indicates a procedural error. It is also possible that the donor has 
subclinical immune-mediated haemolytic anaemia and should not be used. 

I Phase III of tube test: I 
Apositive major crossmatch indicates the presence of subagglutinating antibodies. These antibodies are 
most likely to be anti-DEA 1.2,3,5 or 7. Thcsc will not result in an acute transfusion reaction but may 
result in delayed haemolysis. The donor should not be used if a more compatible donor is available, 
especially if the reaction is strong. If a compatible donor is not available, the incompatible donor may he 
used to provide temporary RBC replacement, especially if there is life-threatening anaemia. 
Apositive minor crossmatch is of minimal clinical importance, except, perhaps when large volumes of 
plasma are to be transfused. 
Apositive recipient or donor control is a positive direct antiglobulin (Coombs') test, and should be 
interpreted as above. 

The nature of the incompatibility may be further characterized by incubating recipient serum with RBCs of 
knownantigeniccomposition. In humans this procedureis referred to as antibody screening. Antibody screening 
is performed before crossmatching and its use has reduced the value of the latter. 

When transfusing multiple units of a blood product, incompatibility between donor units is of minimal 
concern, as long as all units are compatible with the recipient. 

Figure 15.6: I,zterpretanoiz of crossaarch results m the dog. 

www.vet4arab.co.cc



274 Manual of Canine and Feline Hae~natology and Transfusion Medicine 

Type B serum mixed with type A or AB RBCs results in typically strong macroscopic agglutination (see 
Figure 15.2). 
Type A serum mixed with type B or AB RBCs results in weak macroscopic, only microscopic or no 
agglutination. For practical purposes the rapid slide test is negative macroscopically whether using 
undiluted or diluted RBCs, because the possibility of rouleaux formation precludes positive 
identification of small aggregates. The test is also usually negative microscopically when using undiluted 
RBCs, because the high RBC density and rouleaux formation preclude identification of small 
aggregates. 
Type AB serum (uncommon blood type) mixed with type A or type B RBCs does not result in any 
agglutination. 
Negative rflajor and n~ir~or  crossn~atch: donor and recipient are probably of the same blood type (A, B or 
AB). The donor can be used. It is also possible that a weak anti-A or anti-B titre is present in the donor 
or recipient. Some type B cats with weak anti-A titres have now been reported (Knottenbelt et al., 1999). 
If the recipient has a weak anti-A or anti-B titre, use of an i~lcompatible donor may cause a mild acute 
transfusion reaction, and delayed hae~nolysis will occur. 
Positive niajor crossrr~atcl~: strong macroscopic agglutination denotes type B recipient and type A or AB 
donor. Minor cross~natch will be negative or weakly positive with a type A donor and negative with a 
type AB donor. Use of this donor is likely to result in a severe transfusion reaction. 
Positive nlinor crossn~atch: strong macroscopic agglutination denotes type A or type AB recipient and 
type B donor. Major crossmatch will be negative or weakly positive with a type A recipient and negative 
with a type AB recipient. In the likely event that the recipient is type A, use of this donor may cause a 
mild to moderate acute transfusion reaction, and delayed haemolysis will occur. If the recipient is type 
AB, use of this donor may cause a mild to moderate acute transfusion reaction. 
Positive donor or recipient control: This usually indicates a procedural error. It is also possible that the 
donor or recipient is autoagglutinating. In addition, some type B and AB cats have been reported to have 
weak anti-B antibodies (Knottenbelt et al., 1999). 

Figrrre 15.7: Ii~ter/~rerarion of c,-ossrirarch rcslllrs iir the car. 

Cross~natching in dogs 
Few studies have examined the utility of the colnplete 
crossmatch for dogs in the veterinary clinical setting. 
A complete crossmatch will detect all clinically impor- 
tant anti-RBC antibodies. 

Specifically, a complete crossmatch is usually 
needed to detect anti-DEA 3 ,5  and 7 antibodies and 
low titres of anti-DEA 1.1, 1.2 and 1.3 antibodies. A 
complete crossmatch is usually performed at refer- 
ence laboratories as few clinics can justify purchas- 
ing the reagents. This is again a problem because 
many transfusions are given in emergency or urgent 
situations. Even for clinics affiliated to a reference 
laboratory, there is insufficient time in an emergency 
to perform a complete crossmatch. Furthermore, a 
complete crossmatch adds a substantial expense to 
the transfusion. 

The abbreviated crossmatch is performed at room 
temperature and omits an antiglobulin test. It may be 
performed by either the rapid slide or tube method. It 
is quick and inexpensive and can be done in any 
clinic. As with the complete crossmatch it is subject 
to false-positive and false-negative findings when 
conducted by inexperienced staff. The abbreviated 
crossmatch will detect anti-RBC antibodies that are 
present in high enough titres to cause a clil~ically 
moderate to severe haemolytic reaction. Although 

the antibodies may be stronger haemolysins than 
agglutinins, agglutination will be detected in the 
crossmatch. Complement can be added to improve 
detection of haemolysis. The abbreviated crossmatch 
is unlikely todetect antibodies that willcause delayed 
or mild acute reactions. 

When should crossmatching be performed? A 
complete crossmatch call be justified scientifically 
in all cases, even where blood type of donor and 
recipient are known, since canine blood groups are 
not fully characterized. However, this is economi- 
cally and practically not feasible for most clinics. 
Routine complete crossmatching is not performed at 
the OVC. An abbreviated crossmatch is recommended 
in all cases simply to maintain expertise in the proce- 
dure. A cross~natch (complete preferred) should al- 
ways be performed when: 

- The recipient has been previously transfused 
more than 4 days before the planned transfusion 
There is a history of a transfusion reaction . The recipient's transfusion history is unknown 
The recipient has previously been pregnant. 

In addition, complete crossmatching is recom- 
mended when a dog is likely to receive multiple 
transfusions or where any immunological stimulation 
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is likely to be detrimental, even where donor blood is 
of universal type or known to be coinpatible with the 
recipient's blood type. The latter situation includes 
immune-mediated haeinolytic anaemia (IMHA), but 
in many cases RBC autoantibody will result in an 
apparent incompatibility with all donors. The 
crossmatch may assist in selecting the 'most coinpat- 
ible' donor. 

The minor crossmatch is less important than 
the major because of dilution of the donor antibodies 
in the recipient. Indeed, some authors have recom- 
mended elimination of the minor crossmatch. The 
only importai~t ~niilor iilcoinpatibility involves anti- 
DEA 1.1 antibodies reacting in phases 1-11 of the 
crossmatch, unless large volumes of plasma are 
to be transfused. However, even small amounts of 
donor plasma with a high titre of anti-DEA 1.1 
antibodies can cause a significant transfusion reac- 
tion in a DEA 1.1 positive dog. Such a titre can 
only develop in a previously pregnant or transfused 
DEA 1.1 negative dog. As noted previously, such 
dogs sl~ould not be accepted as blood donors. Thus 
clinics with properly selected blood donors can 
eliminate a routine minor crossmatch. If a donor of 
uncertain background is being used, the minor 
crossmatch should be performed uilless the recipient 
is known to be DEA 1.1 negative or the donor DEA 
1.1 positive. The minor crossmatch is also recom- 
mended if large-volume plasma tra~lsfusioils are 
anticipated or where any iininunological reaction is 
considered deleterious. 

DEA col~~patibility and plasma products 
Because of the emphasis on having DEA 1.1/1.2 
negative RBC donors, veterinarians coininonly insist 
on plasma products from DEA 1.1/1.2 negative do- 
nors. There is no increased risk of an acute trans- 
fusion reaction with plasma from a DEA 1.1/1.2 
positive dog. Indeed, such plaslna is less likely to 
cause a minor iilcolnpatibility reaction as DEA 
1.1/1.2 positive dogs are less likely to be sensitized. 
However, there is the potential for  DEA 
alloimmunization owing to containinating RBCs in 
plasma products, as only sinall volumes of incompat- 
ible RBCs are needed to stiinulate antibody produc- 
tion. In humans, fresh frozen plasma contains only 
traces of RBC stroma and rarely causes sensitization. 
Plasina prepared froin stored whole blood and plate- 
let-rich plasma contains higher levels of contamina- 
tion and occasionally causes sensitization. It is 
thereforerecolnlnended thatDEA 1.1 or 1.1/1.2 tlega- 
tive blood be routinely used to prepare plaslna by 
centrifugation of stored whole blood or by sedimen- 
tation of whole blood and to prepare platelet pro- 
ducts. This is coi~sistent with the recommendation 
that canine RBC donors should routinely be DEA 1.1 
or 1.1/1.2 negative. However, since the occurrence of 
sensitization with fresh frozen plasma is probably 

rare, the use of fresh frozen plasma and plasma from 
expired fresh frozen plaslna prepared from DEA 1.1 
or 1.1/1.2 positive donors is acceptable. This practice 
substantially increases the donor pool, which is im- 
portant because patients requiring plasma trallsfusions 
often require multiple units. After blood collectio~l 
from a DEA 1.1 or 1.1/1.2 positive donor, the plasma 
is harvested and the RBCs are returned to the donor. 

Crossmatching in cats 
A crossmatch using the rapid slide method or phase I 
of the tube method at room temperature will detect 
RBC incompatibility in most cases. Crossmatching is 
recommended in all cases where donor and/or recipi- 
ent blood type isnot known, especially if a transfusion 
is to be given to a breed with a known high prevalence 
of B blood type. The utility of crosslnatchil~g in 
addition to blood typing donor and recipient is not 
known. Potential benefits include verification of 
blood-typing results and detection of non-AB anti- 
RBC antibodies. 

Crossmatching in addition to blood typing is rec- 
ommended if a cat has been previously transfused or 
is infected with feline leukaemia virus, because there 
are anecdotal reports of non-AB incompatibilities in 
these situations. Curreiltly at the OVC donors are 
blood typed and are then crossinatched against nai've 
domestic shorthairedand domestic longhaired recipi- 
ents by using a rapid slide method. This policy is 
followed to reduce costs because B and AB blood 
types are rare in the region's non-purebred cat popu- 
lation. Recipient blood type is, however, determined 
in purebred cat breeds with a reported prevalence of 
type B blood. 

ANTICOAGULANT-PRESERVATIVE 
SOLUTIONS 

The solutions into which blood is collected contain 
either heparin or citrate, which function as a~~ticoagu- 
lants by binding Ca". The use of heparin should be 
restricted to blood collected for immediate transfusion. 
The citrate solutions may also containagents that act as 
RBC preservatives. The purpose of these preservatives 
is tosupport the glycolytic energy metabolism (adeno- 
sine triphosphate production) of RBCs to maintain 
their viability during storage. Historically, dextrose 
was the first preservative added to citrate solution, 
followed by phosphate and then adenine. The additive 
nutrient solutions Adsol, Nutricel and Optisol were 
then developed. Composition and use of anticoagu- 
lant-preservative solutions in the dog and cat have 
been reviewed (Wardrop, 1995) and are summarized 
in Figure 15.8. 

Phosphate is also a substrate for 2,3- 
diphosphoglycerate (2,3-DPG) production. 2,3-DPG 
decreases the affinity of haemoglobin for oxygen, 
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Caution: do not cod& with 10 WO N/d 

-based solutions for blood 

F;zure= 1.5.8: ,Irrr;c .oagula,rt-prescnutr~~ wlurio~r.vf;,~ blwd roll~~rrro~r UIIJ  blood hnkrng in rhr dox rind rur .  
*Suppi) map wr) .  wrth cuu,rlr).. -Vhis  shoald he rlertrm,,l~d hosed on 7 i% in uivo red blood cell 'KBC, ,,iuDiliry af  rhr r~id u/ 
(he croragr perrvd, us dprermined h j  24 /tour posr-rran~fusion survrval Lr aun~loq~as  rrcipienrs by wrng radioluhrllirry ur 
hiorinyhrron rrL,hnryurr Rr~unrmr,idarions here nre Oas~d on m vrvo viuhrlr~ .srudies, in virro sradies and cli~iinrl erperknce. 
Ihr hloodproducr may he awd up r t ,  nrulrzryhr on rlrv rrpiq Jure. Refrigerurcd human RBCs nruy oe rrlavr~iarrd by uhing u 
sperm1 solrcrio,~ up ro 3 duss ulrpr e.mir.rrro,~. Tl$ts  r~ ju~~murcd  red cz1l.v nwr  be ,lu.shed, rrfri~rr~~trdatrd mrtu/used b>irhirr 24 
hours of rejuvenation. ***Fo;colle~ting cat blood kro a syringe by using solutions suppli;d in human collecting bags or bags 
usedfor huemapheresis and relatedprocedures, a sampling sjte coupler (Figure 15.16) fs used and the desired volume of 
solution is aseptically withdrawn. ****The nutrient additive solutions (AS) are provided in special collection packs consisting of 
a bag containing the nutrient solution, sarellite bags for plasma or platelet storage and a collecting bag containing CPD (citrate 
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thereby promoting oxygen release to needy tissues. 
The concentration of 2,3-DPG gradually decreases 
during storage in ACD, so that blood at the end of the 
storage period is not as effective as fresh blood in 
delivering oxygen to needy tissues. Upon transfusion, 
up to 50% of normal 2,3-DPG levels are synthesized 
within 3-8 hours, and most within 24 houts, but this 
may not besufficient in critical cases. CPD was devel- 
oped in part to maintain better 2,3-DPG levels. How- 
ever, 2,3-DPG levels still decline somewhat during 
storage in phosphate-containing solutions. In a dog 
with severe acute anaemia, blood with a sufficient 
level of 2,3-DPG for immediate tissue oxygenation is 
desirable. For such a case, packed RBCs stored less 
than 2 weeks and whole blood stored less than4 weeks 
are preferred, assumingstorage in CPD, CPDA,, Adsol, 
Nutricel or Optisol. This is not as important in cats 
since this species normally has low levels of 2,3-DPG. 

Dog andcat bloodismost often collectedinto CPD, 
CPD2 or CPDA,. For syringe collection in cats, the 
solutions supplied in bottles are less expensive to use 
than those supplied in collecting bags where the col- 
lecting system is wasted. Whenever a solution is being 
drawn into a syringe, the rubber diaphragm of the 
container should be wiped with alcohol and allowed to 
dry before needle puncture. 

BLOOD DONATION 

Dogs 

Volu~ne and frequency 
Fifteen to 20% of estimated blood volume can be 
safely donated. 

Estimated blood 
= 0.08-0.09 x Bodyweight (kg) 

volull~e (litres) 

Using the above formula, the maximum accept- 
able donati011 volume is about 16-18 ml/kg. By 
convention and for convenience, a standard blood 
donation in the dog is 450 r 45 ml, which is referred 
to as 'one canine unit.' 

Dogs can donate every 3 weeks as long as they 
receive good nutrition. The ueed for iron supplementa- 
tion in the diet should be determined by measuring 
senlm iron levels at least once a year. Microcytosis 
is a late change in iron deficieucy and should not 
be used to monitor iron status. Serum total iron binding 
capacity is typically increased in dogs that frequently 
donate blood, reflecting increased erythropoiesis, and 
shouldnot be interpreted as a sigo of iron deficiency. At 
the OVC, clinic-owned donors may begiven 100 mg of 
ferric pyrophosphate as part of a liquid vitamin-mineral 
supplement added to the ration every 1-2 months. 

Repeat donor stress is preferable to patient death, 
and in emergencies a dog can donate again after 1 
week. If a progressive decrease in a donor's PCV is 
noted, the11 the donor should be rested until the RBC 

count and indices havenormalized. Client-owned dogs 
usually donate blood every 2-3 months, and nutri- 
tional supplementation is not required. Guidelines 
have not been established for how frequently dogs can 
donate blood for plasma and/or platelet harvesting if 
the RBCs are returned to the donor. It is suggested that 
whole blood donation guidelines be followed. 

Collection system 

Hzlnzn~z blood collectiospncks: Modern human blood 
banking standards stipulate the use of closed blood 
collection systems. A closed system is one that has no 
potential for environmental contact of the blood as it 
flows from the vein to the collecting container. Any 
system involving the operator having to connectpieces 
together is an open system, which increases the risk of 
microbial contamination. Closed systems are ideal, 
especially when blood products are to be stored, since 
such products are excellent microbiological growth 
media. However, open systems have been used for 
Inany years and are acceptable as long as strict atten- 
tion is given to avoiding contamination of connecting 
surfaces. Also, closed systems do not guarantee steril- 
ity as contamination from cutaneous organisms can 
occur, even with aseptic venepuncture technique. 

Human blood collection packs are currently the 
most suitable closed collectio~~systems for use in dogs 
(Figure 15.9). Such a pack is a self-contained unit 
consisting of a 16 G thin-walled needle, tubing and 
plastic collecting bag containing an anticoagulant- 
preservative solution. Packs are also available with 
'satellite bags' for preparatiou of blood components. 
During the donation tl~eblood flows into the collecting 
bag by gravity or vacuum assistance (Figure 15.10). 
High-rate infusion pumps have been used for blood 
collection in large animals but this method hasnot been 
repotted in the dog. 

Vnczizrllr bottles: Vacuum bottles with anticoagulant, 
or to which anticoagulant may be added, are still 
available although obsolete. When a vacuum bottle 
is used it is anopen collection system. Aspecial tubing 
set is required that has an attachedneedle at oneend (to 
pierce the diaphragm of the collectil~g bottle) and can 
accom~nodate a needle for venepuncture at the other 
end. As the blood enters the bottle it should bedirected 
against the side, not the bottom, to minimize haelno- 
lysis. Alternatively the bottlemay beheldupsidedown 
so that the blood flows through the anticoagulant. 
Blood collected in this manner is not suitable for 
storage, and contact with glass deactivates platelets 
and factors VIII (FVIII) and XIIl (FXIII). 

Sylilzges: In an emergency situation, if a regular collec- 
tion system is not available, multiple aliquots of blood 
can be collected by using 60 ml syringes and a winged- 
infusion set as described for cats below. Care must be 
taken to avoid contamination when attaching and 
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except acepromazine which impairs platelet function 
and should be avoided where blood is intended to be 
used in the treatment of thrombocytopenic dogs. 

A 19 G winged infusion set or 20 G catheter placed 
aseptically into the cephalic or lateral saphenous vein is 
optional. The catheter facilitates prompt intravenous 
administration of sedative drugs and intravenous fluids 
should these be required. 

A blood donation is illustrated in Figures 15.11- 
15.15. Duringcollectionthere must bestrict adherence 
toasepsis, especially ifbloodis to be stored. Venepunc- 
ture should be minimally traumatic to minimize plate- 
let clumping and coagulation. The injection of local 
anaesthesia at the venepuncture site is not recom- 
mended because it interferes with visualization and 
palpation of the vein. If local anaesthesia is desired, a 
topical preparation containing prilocaine and/or ligno- 
caine is effective. A 'mini cut-down' can be performed 
but is not usually necessary. 
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Figures 15.11: Canine blood donation. The skin over the 
venepuncture site is clipped andsurgically prepared 
Inexpenencedphlebotomists should wear sterile gloves. The 
jugular vein is raised with gentlepressure placed over the 
jugular groove at the thoracic inlet by either the assistant 
(in this case the owner), thephlebotomist or by use ofa 
tourniquet and a large wooden bead. It is important that fhe 
skin is taut over the vein. 

Before removing the needle cover, the tubing is kinked or 
clamped toprevent the unticoagulanr-preservative solution 
from emptying out ofthe tubing into the bag. Topreventdamage 
to the collection tubing when clumping, clean bondage tape 
should be wrapped around the grooves of a haemostat, or a 
plustic intrwenous tubing clnmp should be used. 

Ifrhe dog is in lateral recumbency, directing the needle 
towards the heartfacilitates venepuncture. Ifthe dog is in 
s t em1  recumbency, direting the needle towards the head 
facilitates venepuncture. 

The needle should be heldat ICL.20 degrees to the skin. 
Alternatively, the skin mny bepenetrated at 45 degrees and 
the needle reoriented in line with the vein at ILL20 degrees. 
A sharper angle is likely to result inpiercing of the opposite 
vessel wall. 

In either case, a quicksharp thrust is lesspainful to the 
donor and less apt to push away the vessel wall than a 
gradual thrust. A popping senrotion may be felt when the 
needle enters the vein. 

Successful venepuncture is usually indicated by aflash of 
blood inm the tubing. Ifihephlebotomist believes the needle 
is correctlyplaced, but noflash occurs, then the tubing 
clump should be released Lfblooddoes notflow into the 
tubing, the tubing should be clamped, the needle withdrawn 
and venepuncture attempted again. 

Fig,. , .,.,,. ,,....., ,.,, ,,..,..,,.. -,. .., ,,.,,,..on the 
needle should be at least 1.5 cm within the vein to guard 
against dislodgement. The tubing is secured manually, either 
against the table or at the needle hub @gainst the skin. In the 
author's experience, the former is preferable when the donor 
is in lateral recumbency. the latter resulting in more 
dislodgement during donation. Ifthe donor is in sternal 
recumbency, the needle hub must be manually secured. 

The bag is closely observed for continuous expansion 
during collection. Ifcessation offlow issuspected, the site of 
entry of the tube into the bag should be digitally compressed 
to wipe away residual blood and observed forflow. If blood 
flow stops the venepuncture site should be examined for 
haematoma formration I f  none is noted the needle should be 
gently rorared. lfbluod>o~t~dorr twr resume, rhe needle 
shnald be s10,uh zrl,uncud rrr  line with rhe vein. lrthis doex 
nor re.~ulr irl re.sumprio,r ufblood.flow, rhe need/; rhould be 
sloh(v hirhdra)ln unrtl hlnodflow rerrmrs. 

-- 
Figure 15.13: Canine blooddonation (a) The collecting bag 
is gently rockedas bloodflows in, to ensure adequate mixing 
with the anticoagulunt-preservaiive solution An assistant 
most easily accomplishes this, bur an experiencedphlebotomist 
can stabilize the tubing with one hand and rock the collecting 
bag with the other. An alternative to rocking the chamber 
during vacuum collection is to hang the bag upside down in 
the chamber. This ensures that the bloodflows through the 
anticoagulunt-preservative solution A labomtory blood tube 
rocker may be used with gravity collection. 

A scale is taredtothe combined weight of the collecting .. . 
bag, anticoagulunr-prewwarive solurifm and racuam chamlwr 
i f  used a,rd rhe nriglrr is <he< !dotv~odicuNs dt<nnw rlrr 
&nation The tubes  clamped nearklie needle wheshe desired 
weight of 477 i 48g of blood is reached before removing the 
needle, to minimize air e m  into the collecting bag. 

(bJ A blood shoker can be used, which rocks the blood 
duringgravity collection and clamps the tubing when the bag 
reaches a desired weight. 
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Figure 15.14: Lanrne blooddonakon. unce tne aonanon LS 
completed, the blood remaining in the tubing is mechan~cally 
(preferably) or digrtally stripped into the bag. The bag is 
gently rocked backand forth to ensure adequate mmng, and 
then the bag is gently manually compressed to refill the tubtng. 

Figwe 15.15: Canine blooddonation (a) The tubing is 
sealedat the 'X' toprovtde aliquots ofabouf 0.5 mZ whrch 
can be used to measure packed cell volume, total solids and 
other wrrables on the blood, and to perform companbility 
testing, without invading the bag. The tubzng is left anached 
to the bag, foldedar the sealing points and secured to the bag 
wrth a rubber band. (b) Alwnrntumseal~ng clrps are most 
cost-efficientfor the quannty of blood bagsprocessed by 
vetennary clinics. (c) Thermal sealers are more time efficrent 
when large quantifies of blood are beingprocessed. 

I f a  seahng system is not ava~lable, firm knots may be 
ned, but these do not provide as secure a barrrer against 
leakage and contammatron. 

Volume: The standard collection volume is 450 * 45 
ml. This volumeis estimated by weight. Assuming 1.0 
ml of blood weighs about 1.06 g, the standard collec- 
tion weight is about 477 2 48 g. The minimum accept- 
able 'underdraw' for blood collected into CPD (citrate 
phosphate dextrose) or CPDA, (citrate phosphate dex- 
trose adenine,) to be transfused as whole blood is 405 
ml (429 g). The minimum acceptable underdraw for 
blood to be used to prepare packed RBCs is 300 ml 
(318 g), in which case the plasma is discarded. Under- 
drawing the bag below these values decreases RBC 
survival during storage and increases the risk of citrate 
intoxication (see Transfusion reactions). The maxi- 
mum acceptable 'overdraw' is 495 ml(525 g). Over- 
drawing the bag beyondthese values increases the risk 
of coagulationduring collection and rupture of the bag 
during centrifugation and decreases RBC survival 
during storage. 

Time: The entire donation process, if problem free, 
typically takes 20-30 minutes. Blood collection is 
completed within5-15minutes withgravity collection 
and 3-10 minutes with vacuum collection. A brief 
stoppage of flow during collection (e.g. <2 minutes) 
usually doesnot result incoagulation but may result in 
some platelet clumping. Collections of longer than 15 
minutes do not result in coagulation if blood flow is 
continuous but may also result in platelet clumping. 

Problems: If a haematoma develops or the needle 
becomes dislodged, blood collection must usually be 
discontinued and a new venepuncture site selected. If 
this occurs early in the procedure, it is best to begin 
again witha new collection set  If this occurs well into 
the procedure, it is unlikely that a new unit can be 
collected without excessive donor blood loss. Based 
on human standards, a blood bag should be discarded 
if donation is completely interrupted. However, if the 
veterinary clinic cannot afford to waste the donation, 
then as long as contamination of the needle did not 
occur, it is the author's opinion that completing the 
donation from a new venepuncture site is acceptable, 
especially if the blood is to be given as a fresh trans- 
fusion. If bothjugular veins develop haematomata and 
completingthe donation is essential, then anaesthesia 
of the donor and surgical exposure of the vein can be 
performed. The vein is always located inthe middle of 
the haematoma. 

Aftercare of the donor 
Moderate pressure is placed over the venepuncture site 
for 2-5 minutes. A neck bandage is optional. The dog 
is observed 'for 15-30 minutes for weakness, pale 
mucous membranes, weak pulses and other signs of 
hypotension. 

Volume replacement with saline or similar crystal- 
loid solutions has been recommended after donation. 
This is no longer routinely practised at the OVC. 
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Volume replacement at two to three times the blood 
loss (i.e. about 1000-1500 ml) is given at 90 ml/kg/h 
i.v., if there are clinical signs of hypotension. 

The dog may be fed after the post-donation obser- 
vationperiod. Theowneris advisedto avoidexercising 
the dog excessively for several days. 

Cats 
The principles described above for the dog apply to 
the cat. Differences in feline blood donation are 
described below. 

Volume and frequency 
Fifteen to 10% of estimated blood volume can be 
safely donated. 

= 0.055-0 065 x Bodyweight (kd 
volume (liees) 

Using the above formula the maximum accept- 
able donationvolumeis approximately 11-13 ml/kg, 
referred to as 'one feline unit.' A standard donation 
in the cat at the OVC results in 60 ml of anticoagu- 
lated blood. Cats can donate once every 3-4 weeks 
and again in 2 weeks in times of emergencies. Cats 
that donate blood on a monthly basis, or more fie- 
quently, should be given regular iron supplementa- 
tion in their diet (e.g. 10 mg/kg ferrous sulphate 
twice a week, 5 mg/cat ferrous fumarate daily). Iron 
supplementation in the form of daily vitamin- 
mineral tablets may & preferred since liquid iron 
supplements may beunpalatable. The levelof snpple- 
mentation should be adjusted based on laboratory 
assessment of iron deficiency. 

Collection system 

Infusion set: Blood is commonly collected from cats 
with a 19 G winged infusion set attached to a 60 ml 
syringe into which the anticoagulant-preservative 
solution bas been drawn (Figures 15.16- 15.18). 
For blood banking purposes, the blood is then trans- 
ferredtoa 100-150ml storagebag. Alternatively, the 
anticoagulant-preservative solution may be added 
to the storage bag, the storage bag tubing attached 
to an 18 G needle for venepuncture and the blood 
callected by gravity orwith vacuumassistance. These 
are open systems. 

Closed systems: Closed systems with small bags and 
needles are cmently not available. There are two 
optionsif a closedoollectionsystemis desired. Firstly, 
aclosedsystemcanbefabricated by usingasteriletube 
welding instrument designed for preparation of unique 
h ~ r n a n p a ~ a t r i c  blood collectionsets (Springer et aL, 
1998). Secondly, standard double bag burnan blood 
collection packs can be used to collect feline blood 
(Price, 1991). 
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load donation A samplcng srte 
~ o ~ ~ l e r  (e.g. BMfer 4C2405), thatprovides an injection port 
for bloodpmduct bags, is attached to a human collectzng 
bag so that a small volume of anticoagulant-presemative 
solution may be withdrawn 

Figure 15.1 7: Feline blood donmion A I9  G winged 
infusion set ('butterfly') is attachedro a 60 ml syringe into 
whlch the anticoagulant-preservat~ve solutzon has been 
drawn. The same principles concerning venepumure in the 
dog apply to the cat. The syringe is gently rocked during 
blood collection. The collectzon tubing may be gently 
manually securedugamst the donor's head when in lateral 
recumbency. Care is taken m avozd excesswe negative 
pressure, which may carrse haemolysis. Two 35 ml syringes 
may be wed ta Increase donation volumefrom a large dotlor. 

purposes, a three-way stopcock isplaced befween the 
butterfly and the synnge, and a 100 ml capacity morage bag 
(Animal BhdBank ,  Diron, California, USA) is attacked 
Afer cdkcting fh.e blood inro the syringe, the stopcock is 
turned, and the blood is slowly injected znto the storage bag. 
Any air that h a  entered the bag is wirhdtuwn, along with 
suflc~ent blood tojill the tube tolthe desired amount; the 
tube is then sealed as described above. 

An alternenve storage bag is a 150 ml capacity paediatrtc 
transferpack (e.g. Boner 4R2001). In thcs case a sampling srte 
coupler (see Fzg~re 15.16) rs anached ro the bag, and the 
blood is slowly injected into the bag through an 18 G needle. 
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The feline jugular vein is as large as the human 
antecubital vein (the standard human venepuncture 
site) and can accommodate the 16 G needle. The length 
of the needle makes venepuncture more difficult than 
with shorter needles when the donor is in lateral 
recumbency, so sternal recu~nbency is recommended. 
If this system is used, the collecting bag is rolled up to 
express excess anticoagulant-preservativesolution into 
the satellite bag, leaving 8 ml in the collecting bag 
(which may be verified by measuring bag weights). 
Blood is collected by gravity. 

Sedation and anaesthesia 
Almostall cats requiresedation oranaesthesia. A 2 1-23 
G winged infusion set or 20-22 G catheter aseptically 
placed into the cephalic or medial saphenous vein is 
recommended. Recommended sedation and anaesthe- 
sia protocols include: 

boluses of propofol 1.0 mg/kg i.v., are given to 
prolong anaesthesia 
Ketamine-diazepam, as previously described, 
0.5-0.1 ml/kg i.v. Additional boluses of one- 
quarter to one-half the initial dose may be given 
to prolong nnacsthcsia. Sedation with 
intramuscular butorphanol-acepromazine 
followed by intravenous ketamine-diazepam is 
the protocol widely used at the OVC. 

An oxygen mask may be placed over the cat's face 
during the donation, and an endotracheal tube should 
be available should ventilatory support be required. 
Endotracheal intubation is recommended if the cat has 
not been fasted before donation, although this does not 
eliminate the possibility of aspiration because of the 
need to extubate cats before developing a swallowing 
reflex. Inhalation anaesthesia with isoflurane can also 
be used for blood donation. The use of vascular access - Ketamine 100 mglml mixed 1:l or 1:2 with devices to facilitate feline blood donation without 

diazepam 5 mg/ml. Give 0.1 ml/kg i.v. anaesthesia is being investigated. 
Additional boluses of one-auarter to one-half the 
initial dose may be given to prolong anaesthesia 
Ketamine 10 mg/kg and midazolam 0.2 mg/kg, 
mixed together, i.m. Additional boluses of 
ketamine 1.0 mg/kg i.v., may be given to prolong 
anaesthesia 
Ketamine 2 mg/kg and midazolam 0.1 mg/kg, 
mixed together, i.v. Additional boluses of one- 
quarter to one-half the initial dose may be given 
to prolong anaesthesia. 

Venepuncture and blood collection 
Blood is collected by jugular venepuncture, with the 
cat restrained in either lateral or sternal recumbency 
(see Figure 15.17). Cardiocentesis may be used in 
terminaldonors. Vasoconstrictionismore pronounced 
in the cat than dog after venepuncture, making 
venepuncture more difficult if repeat attempts are 
necessary. Assuming the volume of anticoagulant- 
preservative solution was meant for a 60 ml donation, 
the minimum acceptable underdraw for blood col- 

The principal disadvantages of ketamine-based lected into ACD-A (acid citrate dextrose-A), CPD, or 
protocols are the prolonged post-anaesthesia effect CPDA, (see Figure 15.8) to be given as whole blood is 
and the possibility of arrhythmogenesis in cats with a final volume of 55 ml. The minimum acceptable 
undiagnosed hypertrophic cardiomyopathy. For these underdraw for blood to be used to prepare packed 
reasons some prefer to use neuroleptanalgesia-based RBCs is a final volume of 42 ml, in which case the 
regimens: plasma is discarded. The maximum acceptable over- 
- Oxymorphone 0.05-0.1 mg/kg and acepromazine 

0.04-0.10 mg/kg, mixed together, i.m. or i.v. - Butorphanol0.2-0.4 mglkg i. acepromazine 
0.04-0.10 mglkg, mixed together, i.m. or i.v. - Butorpha11010.1-0.2 mglkg i. diazepam 0.5 mglkg, 
mixed together, i.v. 

The principal disadvantages of these neuroleptan- 
algesia regimens are potential exacerbation of hypo- 
tension by acepromazine during blood collection 
and insufficient sedation for blood collection. 
Some phlebotomists prefer to sedate donors 
with oxymorphone 0.1-0.2 mg/kg i.v., without 
acepromazine to minimize hypotension. If sedation is 
insufficient with acepromazine and/or a narcotic, then 
the following agents may be added: 

Propofol, calculated induction dose of 4 mg/kg 
i.v., with one-half the dose given as a rapid bolus 
and the remainder given to effect. Additional 

draw is a final volume of 65 ml. Blood Sollection is 
typically completed within 3-5 minutes. Routine post- 
anaesthesia monitoring is performed. 

Aftercare of the donor 
Hypotension, characterized variably by pale mucous 
membranes, tachycardia and weak pulses, is a com- 
mon complication of feline donation, but its signifi- 
cance to donor health is not known. Rapid volume 
expansion during donation to correct hypotension is 
undesirable because of haemodilution. At the OVC, in 
the past, volume replacement after the donation with 
crystalloid solutions at three times the blood loss (i.e. 
150-180 ml) was given intravenously over 15-20 
minutes. Such rapid volume replacement occasionally 
resulted in bradycardia and rarely pulmonary oedema. 
The current fluid therapy protocol is to give 90 ml of 
saline subcutaneously immediately before the dona- 
tion, and then to infuse 60 ml of saline over 15-20 
minutes starting half-way through the donation. 
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BLOOD PRODUCT PREPARATION 
AND STORAGE 

Editor's Note: In the UK, the storage of blood and 
the preparation of blood products for storage is not 
encouraged by the Royal College of Veterinary 
Surgeons. The 1996 RCVS Guide to Professional 
Conductstates that thetaking of bloodfroml~ealthy 
animals for the purposes of blood transfusion is 
only recognized in veterinary practice where there 
is an immediate or anticipated clinical indication 
for the transfusion. Blood storage and preparation 
of blood products is covered under the Animals 
(Scientific Procedures) Act 1986 and would re- 
quire a specific Home Office Licence. Moreover, 
blood products would need to be licensedunder the 
Medicines Act 1968. 

Collected blood may be given as a fresh transfusion, 
stored aud transfused at a later date or separated into 
various components for fresh transfusion or storage. 
Modern blood banking practice standards stipulate 
that only blood products prepared from blood col- 
lected in closed collectionsystems should bestored, to 
minimize risk of microbial growth. The open collec- 
tion system illustrated in Figure 15.17 is used at the 
OVC for cat donations, and the blood products 

obtaiued have beenstoredsuccessfully without micro- 
bial growth, but blood banking is practised at the OVC 
by experienced staff. For general practices that do not 
intend to develop a special interest in transfusion 
medicine, it is recommended that only fresh blood 
products be used for the cat or that a closed human 
collection system be used for storage. 

The most important blood products in veterinary 
medicineare whole blood,packedRBCs, frozen plasma 
and fresh frozen plasma. Component therapy is more 
important in dogs than in cats, and feline components 
are more difficult to prepare because of the smaller 
volumes involved. Any component prepared from one 
unit of whole blood is referred to as one unit of that 
component. The various componeuts may be washed, 
depleted of leucocytes and irradiated in an effort to 
reduce immunogenicity, but these techniques are rarely 
used in veterinary medicine. 

A flow chart for the preparation of blood compo- 
uents is given in Figure 15.19. The collected blood 
should be held at room temperature while awaiting 
separation into fresh components. The blood product 
should be clearly labelled as to the type of product, 
collection date, expiry date, donor, blood type (if 
known), PCV (for whole blood and packed RBCs) and 
totalsolids protein (for whole blood, packedRBCs and 
plasma products). 

I I 
Figrrre 15.19: Flolvcharr for tltepreparatiot~ of blood cotrlporteizls by cet~triji~gafio,~. 

www.vet4arab.co.cc



284 Manual of Canine and Feline Haematology and Transfusion Medicine 

RBC products 

Whole blood 

Storage: Whole blood is stored under refrigeration 
at 1-G0C (see Figure 15.20). Ideally a dedicated 
refrigerator should be used. If a general-purpose 
refrigerator is used, a designated area should be 
set aside for blood products (not in the door), and 
the refrigerator door should be opened and closed 
as quickly as possible. A thermometer should be 
kept inside the refrigerator and examined a mi~ l i~nu~n  
of two tinies a day to ensure proper refrigeration. 
Continuous temperature recorders are available. If 
refrigeration is interrupted for more than 30 minntes, 
the blood product should be used within 24 liours. 
Maximum storage times reported with various 
anticoagulant-preservative solutions are presented 
in Figure 15.8. The bag should not be 'invaded,' i.e. 
no blood should be withdrawn or additive injected, 
during the storage period. The practice of storing 
feline whole blood in the collecting syringe is not 
recommended. 

Haee~ostaticyropertics: Stored whole blood differs 
from fresh whole blood primarily with respect to 
liaemostatic properties. Platelets refrigerated for up 
to 24 hours have normal to increased innnediate 
function, but post-transfusion circulation time 
declines substantially after 6 to 8 hours of refrigera- 
tion, and is only 10% after 24 hours. After 72 hours 
of refrigeration, platelet liaemostatic ability in vivo 
is lost, although platelets will retain some ability to 
aggregate in vitro. 

Similarly, activity levels of the labile coagulation 
factors, i.e. FV (potentially useful in the treatment 
of disseminated intravascular coagulation) and 
FVIII (essential in the treatment of haemophilia A), 
and von Willebrand factor (vWf; important to the 
therapy of von Willebrand's disease) progressively 
decline in refrigerated whole blood due to proteolytic 
degradation. Human FVIII activity decreases by 50% 
after 24 liours, but effective haemostatic activity 
remains for 2 weeks. Canine FVIII is more stable 
tlian human FVIII, witli about 85% of activity of the 
former present after 24 hours of refrigeration. Activ- 
ity of vWf also decreases rapidly. In liuman blood, 
about 75% activity is present after 24 liours, 33% 
after 1 week, 22% after 2 weeks and 13% after 
3 weeks of storage. This loss in activity is mostly 
owing to breakdown of large multimers into smaller 
multitners, and is not reflected in vWf antigen, which 
may actually increase during storage. Human FV 
retains most of its activity in refrigerated whole 

Fresh blood use: The use of fresh whole blood 
has largely been abandoned in human medicine, 
leading some veterinarians to make similar recom- 
mendations. However, one of the main reasons for 
discouraging the use of fresh blood products in 
general in Iiurnan medicine is that screening for 
infectious diseases and compatibility testing often 
take up to 24 hours to complete. In addition, the 
wide availability of component products permits 
the replacement of lost blood components to be 
tailored to individual patient needs. Blood compo- 
nents have more restricted availability in veterinary 
medicine. Proper donor selection and rapid compat- 
ibility testing (see Transfusion reactions) allow for 
safe transfusion of fresh whole blood (and other 
fresh blood products), which is likely to remain a 
necessity in animals. 

Tra~zsfzlsio~z: The principal indication for transfusion 
of fresh or stored whole blood is substantial acute 
haemorrliage, since replacement of RBCs, plasma 
colloid and volutne deficits is required. A guideline 
is to consider transfusion if volume replacement 
with crystalloids results in a PCV <20% or total 
protein <25 g/l (Wagner and Dunlop, 1993). Fresh 
whole blood may be preferred if liaemorrhage is 
owing to disorders of haemostasis, unless other 
blood products and/or treatments can be given con- 
currently to address the haemostatic defects. It 
should also be noted that RBC transfusion in itself 
has some haemostatic benefit and may reduce bleed- 
ing time and activated partial throlnboplastin time 
(Ho, 1998). 

Thevolume of whole blood to transfuse is based on 
previous, ongoing and estimated future losses. Usually 
the volume will be between 10 and 22 ml/kg, and the 
volume transfused per day should not exceed this 
upper value unless there are severe ongoing losses. 
Reinfusion of shed blood may be useful under these 
circumstances (see Autotransfusion). Hypertonic 
(7.5%) saline, 4-5 ml/kg i.v. over 10 minutes, should 
also be considered if there is haemorrhagic shock. Its 
beneficial effects last about an hour. Once bleeding has 
been controlled, the remaining RBC deficit can be 
replaced as described below. 

Whole blood is also freql~ently given to correct 
anaemia from causes other than acute haemorrhage, 
altliougb packed RBCs are preferred. Guidelines for 
when to consider transfusion are discussed elsewhere 
in this manual. Simple rules of thumb to determine the 
volume to give are: 

1.0 ~ n l  (transfused wliole blood)/lb (recipient 
weight) raises the recipient PCV by 1 % - 

blood for about 1 week, a n i  >50% activity has been 
found after 21 days. There is only mild loss of other . 2.0 ml (transfused wliole blood)/kg (recipient 
coagulation factors and antithrombin 111 (ATIII). weight) raises the recipient PCV by 1 % 
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The volume to transfuse is more precisely calcu- 
lated by the following formula: 

Recipient desiued PCV 
Volume of donor Recipient 85 (dog) _ CuITent 

blood to be = weight x or x 
transfused (ml) (kg) 

PCV of anfcoagulated 
60 (cat) donor blood 

This formulaassumes that 60 and 85 represent ml/kg 
average blood volume for cat and dog, respectively. 

Packed RBCs 

Preparation a n d  storage: Fresh whole blood is sepa- 
rated into packed RBCs and plasma by centrifugation 
(preferably) or sedimentation. PackedRBCs are stored 
under refrigeration at 1-6°C (Figure 15.20). Maxi- 
mum storage times for packed RBCs reported with 
various anticoagulant-preservativesolutionsare given 
inFigure 15.8. Canine, hut not feline, RBCs have also 
been stored by cryopreservation. 

Fieure 15.20: Refri~eratedstoraae o f  red blood cell (RBC) 
przducrs. Whole blGd andpackhh R k  bags should be stored 
vertically or sideways inplastic holders or boxes to reduce the 
risk of damage to the blood bags, and to facilitate organization 
and retrieval. Such storaae also maximizes oween diffusion in 
to, and carbon dioxide d t k i o n  out oJ the ba2:but & effect 
o f  this on RBC viabiiiQ ofdoe and car blood is not known. 
& ~ ~ n , l l r a  rv or rhr (jnririivt,rcrr,zu0 Collrjie are yemlv 
rirlrrdd~~rl,: hat rhr tmporruirc e o/ rhrj prdrtrc[, I S  nor k w ~ t n .  
The bag holders shown here are hvaiiiblefrom the Animal 
Blood Bank, Dixon, Calfornia, USA. 

Centrifugation: Centrifugation requires a centrifuge 
that is cost prohibitive to most veterinary clinics 
(Figure 15.21). Centrifugationat 5000gfor 5 minutes 
at 4°C is recommended. For slower centrifuges, 2000 
g for 10 minutes has been found to he satisfactory at 
the OVC. Centrifugation times include time required 
for acceleration but not for deceleration. Rapiddecel- 
eration can result in resuspension of RBCs. Once 
RBCs are packed, the plasma is removed with a 
plasma extractor (Figure 15.22). Adsol, Nutricel or 
Optisol may then be added to the packed RBCs 
(Figure 15.23). 

Sedimentation: For sedimentation of dog blood, the 
blood bag is suspended vertically in a refrigerator at 

1-6'C for a minimum of 12 hours. Sedimentation 
from 3 days to 2 weeks, or addition of synthetic 
colloid, maximizes RBC and plasma separation and 
should be considered if a primary goal is to produce 
plasma with minimal RBC content. If a plasma 
extractor is not available, the blood bag can be 
suspended upside down for RBC sedimentation. The 
packedRBCs can then be transfused or transferred to 
a300 ml transferpackby gravity. For feline blood the 
60 ml collecting syringe can be stored vertically or 
upside down and the plasma or packed RBCs trans- 
fused or transferred to a 150 ml transfer pack by 
injection. Feline RBCs sediment more rapidly and 
efficiently than do canine RBCs. 

'igure 15.21: 
!entrij%gation of blood 
I )  Large capacity 
wing-buckerpoor- 
lode1 refrrgerated 
entrifuge suitabkfor 
le preparation ofblood 
omponents. TabiZtop 
xed bucket centrifuges 
ray also be used but 
re not ideal. Styrofoam 
nd cork moulds can be 
lade for the buckets to 
ccommodate the 
mailer cat blood bags. 
lternatively, the 
maller bag can be 
laced into two 
iicknesse's of standard 

-ass with the tops cur 
ofland secured with rubber bands to a bag of d i n e  for 
support during centr$ugation (Schneider, 1995j. (b)  Blood 
bagsshould beplacedperpendicular to the rofation axis to 
reduce the chance of rupture. Satellite bags should be 
tucked in alongside the blood bags (they may be rolled up) 
and loose tubing occluded andsecured ro the bags with a 
rubber band. The centrifuge is best balanced with dry 
rubber material. Ifwater is used; the blood bag should be 
placed in a plastic centrifug<bag and the centrifige 
buckets thoroughly dried a fer  each used to minimize 
growth offungi andalgae. Ifbags frequently rupture during 
centrifugation, then either the centrifugation rate should be 
decreased and centrfugation time increased, or water 
should be poured around the blood bags to support them 
during centrifugation. 
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Figure 15.2 . lressing canine plasma. The primary 
(blood) bag is gently transferred m (a) a homemade 
extractor or, preferably, (b) a commercial spring-driven 
plasma extractor. 

Ifa collection pack with a satellite bag was used, the 
plastic seal at the top of the primary bag is broken. 
Otherwise a 300 ml transferpack is aseptically attached to 
the middle entry port of the primary bag. The plasma is then 
expressed into the secondary (plasma) bag. Pressure on the 
primary bag should be initially manually reduced to prevent 
rupture. Plasma expression is terminated by manually 
clnmping the tubing. 

Plasma extractors with electronic control ofplasma 
expression are also available. Ifthe packed red bfood cells 
(RBCs) in the primary bag are to be stored in citrate 
phosphate dextrose adenine,, thefinal packed cell volunte 
should be <SO%. This requires leaving at least 50 ml of 
plasma in the primary bag, which is accomplished by 
terminatingplasma expression when the RBC-plasma 
inreiface is about 2 cmfrom the top. The resulting volume of 
packed RBCs is usually 250-300 mi. Forpacked RBCs to be 
stored in Adsol, Nunicel or Optisol, no residualplasma 1s 
required in the primary bag, andplasma expression is 
terminated before RBCs begin to enter the secondary bag. 
The tubing is sealed as described above and cut. One 
milliline ofplasma weighs 1.03 g, therefore the volume in the 
olasma baz is: 

Plasma unit = Weight of unit(g) - Weight of bag(g) 
volume (ml) 1.03 

One unzt of  canine plasma usually contarns 150-250 ml. 
with feline blood plasma expression is terminated when 

the RBC-plasma interface reaches the top of the bag. 
Alternatively, the piasma may be drawn offwith a syringe 
and 18 G needle. One unit offeline plasma usually contair~s - Figure 15.23: The seal on the 

Adsol, NNricei or Optisol bag 
is broken and the solution is 
transferred by gravity into the 
primary bag containing the 
packed red blood cells 
(RBCs). The additive solution 
bag is then rolled up to 
maximize transfer of the 
solution. The RBCs and 
czdditive solution are gently 
mixed together by rocking. 
One half of the packed RBCs 
may then be transferred with 
the plasma extractor back info 
!he additive solution bag to 
?reate two halfunits. For 
feline packed RBCs, the 
nutrient solution is injected 
into the storage bag via the 
injection port. 

RBC transfusion: The principal indication for 
packed RBC transfusion is anaemia without hypovol- 
aemia or deficits in other blood components. Packed 
REiCs are particularly useful with patients at an 
increased risk of volume overload (see Transfusion 
reactions). The transfusionvolnme is calculated with 
the formula given above. The rules of thumb for 
transfusion volume are: 

1.0 ml (transfused packed RBCs)/lb (recipient 
weight) raises the recipient PCV by 2% 

. 2.0 ml (transfused packed RBCs)/kg (recipient 
weight) raises the recipient PCV by 2% 

Packed RBCs may also be used to treat acute 
haemorrhagic anaemia, with concurrent administra- 
tion of plasma products, synthetic colloid solutions 
and crystalloid solutions. 

RBC substitutes: Various REiC substitutes are under 
development, including perfluorochemicals, liposome- 
encapsulated haemoglobin and haemoglobin-based 
oxygen camers (Wohl and Cotter, 1995). 

Oxyglobin (Biopure, Cambridge, Massachusetts, 
USA), a polymerized bovine haemoglobin solution, 
is an example of the latter (Rentko, 2000). It is 
available for use in dogs in some countries and 
has also been given successfully to cats. The dose 
is 10-30 ml/kg, given at a maximum rate of 10 
ml/kg/h. Haemoglobin concentration, not haema- 
tocrit, should be used to monitor anaemia after 
transfusion. The principal advantages of Oxyglobin 
are that it is convenient to use, avoids incompatibility 
reactions and is superior to RBCs in delivering 
oxygen to tissues. The principal disadvantage is 
its short duration of effect (11-82 hours, half-life 
of 18-26 hours) compared with RBCs (a typical 
transfusion lasts 4-6  weeks unless there is acceler- 
ated RBC destruction). Other disadvantages include 
interference with various serum chemistry analyses 
and development of haemoglobinaemia, haemoglob- 
inuria and icterus. The last may interfere with 
monitoring of patients with haemolytic anaemia. 
Oxyglobin acts as a plasma volume expander and 
causes vasoconstriction - this increases systemic 
and pulmonary arterial blood pressure, which may 
be beneficial or detrimental depending upon the 
clinical situation. 

Plasma products 
After RBCs are separated from plasma as described 
above (or by automated plasmapheresis), the plasma 
may be processed into various products. All of these 
plasma products are poor in platelets, which remain in 
the packed RBC fraction. 
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Fresh plasma and fresh frozen plasma 

Fresh plasma is plasma that has been separated 
from RBCs within 8 hours of collection and 
immediately transfused - Fresh frozen plasma is plasma that has been 
separated and placed at -18°C or colder within 
8 hours of collection. 

These time restrictions are based on the deteriora- 
tion of humanFVII1 activity and reflectthe importance 
of haemophilia A in human medicine. Fresh and fresh 
frozen plasma have maximal activity of all coagulation 
factors, also making them suitable for treating 
coagulopathies due to hepatic failure and DIC as well 
asothercauses. Freshandfreshfrozen plasma likewise 
have maximum levels of vWf, as well as containing 
normal levels of albumin (see Liquid plasma and 
frozen plasma). Although not of proven benefit, fresh 
frozen plasma has been recommended for the treat- 
ment of acute pancreatitis to replace albuminand treat 
DIC, but more specifically to replenish a, 
macroglobulins. The a, macroglobulins are plasma 
protease inhibitors that hind to activated pancreatic 
proteases, which are then cleared from the citculation 
by macrophages. The original studies in ratsandhumans 
usedfresh frozenplasma, butinfact a,macroglobulins 
seem to be stable in plasma under refrigeration. 

Storage: Because of the time restriction, fresh and 
fresh frozen plasma arenormally prepared by centrifu- 
gation. However, dog plasma separated after 12-48 
hours of sedimentation still contains clinically useful 
levels of the labile proteins. Such plasma is best used 
as fresh plasma. 

It is not known how long plasma prepared by 
sedimentation and then placed at -18°C can be stored 
while maintaining clinically useful levels of labile 
proteins, but a 3-month expiry date is suggested. Fresh 
frozen plasma is ideally stored at -30°C or colder 
(based on FVIII stability), but storage at -18OC is 
satisfactory (Figure 15.24). This is the intended tem- 
perature of a regular household refrigetator freezer, 
hut it should be verified with a thermometer that the 
freezer is maintaining this temperature. Freezers with 
automatic defrost cycles should be avoided. If such a 
freezer is the only one available,the plasma bag should 
be stored between two artificial ice bags in an effort to 
minimize thawing during defrosting. A dedicated 
freezer isideal, and the freezer door should be opened 
and closed as quickly as possible. 

After a 1-year storage period, the product is 
relabelled as frozen plasma, which may be stored as 
such for an additional 4 years at -1SoC or colder. The 
I-year expiry datefor fresh frozen plasma is also based 
on the deterioration of PVIII activity. If the freezer 
does not maintain -1X0C, the expiry date should be at 
most 3 months. 

Figure 15.24: Frozen storage ofplasma products. At the 
Ontario Veterinary Collegefreshfrozenplasrna is storedat 
-70°C andfrozen plasma is stored at -lS°C. (a) Plasma 
products are properlyfrozen in bags (e.g. freezer bags) 
wzthm o cardboardstorage conturner to prevent breakage. 
(b) The bags are rnitiallyfrozen lyingflat in thefreezer. After 
completefreezing the bags are stored verncally, resulting an 
the appearance of the bag on the right. Should inadvertent 
thawing and refreezrng occur, the bag wrll change shape and 
any air bubbles will shifrto the top (middle bag), rndrcatrng a 
stomgeproblem. In add~tzon a rubber bandcan beplaced 
around the bag duringfreezing and then removed (leff bag). 
An inadvertent thaw and refreeze results m loss of the rubber 
band mark (middle bag). 

Transfusion: The initial dose of fresh or fresh frozen 
plasma is 10-30 ml/kg, but larger volume transfusion 
may be required if haemorrhage or acquired coagula- 
tion defects persist. Transfusion of fresh and fresh 
frozen plasma should ideally be completed within 4 
hours of separation or thawing, respectively. 

Thawed plasma 
If fresh frozen plasma is thawed but not immediately 
transfused, it should be refrigerated (1-6°C). If it is not 
transfused within 24 hours, the product is relabelledas 
thawed plasma and may be transfusedfor up to 5 days 
after thawing. It has somewhat decreased WIII and 
vWf activities, but is otherwise equivalent, compared 
to fresh frozen plasma. 

Liquid plasma and frozen plasma 

Storage: Liquid plasma is ~Jasmastorednnderrefrig- 
eration at 1-6°C for more than 8 hours after blood 
collection. The maximum storage time is 6 weeks, at 
which point the plasmashould be placedat - 18'C and 
labelled as frozen plasma. (It may, of course, be 
frozen sooner.) 
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Theonly reasons to keep refrigeratedliquidplasma 
are ifa freezer is not available or if there is an upcoming 
plasma transfusion, to eliminate thawing time. 

Plasma is also prepared by centrifuging stored 
whole blood at any time during the storage period, and 
up to 5 days after the RBCs are outdated. The later in 
the storage period, the higher will be the plasma 
l~aemoglobin, potassium and ammonia levels. The 
RBCs are discarded. The plasma may be kept as liquid 
plasma for up to 5 days beyo~ld the expiry date of the 
RBCs, at which time it should be frozen. 

Fresh frozen plasma should also be relabelled as 
frozen plasma after 1 year of storage. The maximum 
storage time of frozen plasma at -18°C is 5 years. 

Coag~~latiort factors: Liquid and frozen plasma typi- 
cally do not contain clinically adequate levels of FVIII 
or vWf, especially if prepared from outdated whole 
blood. Human FVIII activity declines at the same rate 
in refrigerated plasma as in whole blood, although the 
decline in vWf activity is slower. The vitamin 
K-dependent coagulation factors (11, VII, IX and X) 
are stable in liquid and frozen plasma, so these pro- 
ducts may be used to treat bleeding due to anticoagu- 
lant rodenticide poisoning, vitamin K deficiency and 
haemophilia B. The initial dose for this purpose is 
10-20mllkg. Fibrinoge~~,FV,ATIIIand macroglobu- 
lin levels are also stable in liquid and frozen plasma. 

Trnnsftlsion: Liquid and frozen plasma have histori- 
cally been used most often to treat hypoalbuminaemia 
in dogs. Normally only 40% of total body albumin is in 
plasma. The remainder is in the interstitium, which 
acts as a reservoir. Plasma and interstitial albumin are 
in equilibrium, so hypoalbuminaemia owing to im- 
paired production (from cluonic liver failure or severe 
malnutrition) or external loss (via the intestinal tract, 
kidney or skin) is accompanied by a shift of albumin 
from the interstitium into the plasma. There is there- 
fore a total body albumin deficit that is much greater 
than the plasma deficit. When plasma is transfused, 
about 60% of the transfused albumin shifts back into 
the interstitium. Thus large volumes of plasma are 
required to raise plasma albumin levels and to maintain 
them in the presence of ongoing losses. This is expen- 
sive, especially in big dogs, and increases the risk of 
transfusion reactions. Large plasma voluines are also 
required when hypoalbutninaemia is due to vasculitis, 
where the cause of hypoalbuminaemia is a shift in the 
equilibrium towards the interstitiurn. 

Neitherhypoalbuminaemia nor oedelna is, in itself, 
an indication for transfusion. Transfusion is required 
when there are life-threatening complications of re- 
duced plasma oncotic pressure such as severe pleural 
effusion or pulmonary oedema. 

Transfusion is also recommended for the patient 
undergoing anaesthesia, where there are increased 
concerns witb hypotension and altered protein drug 

binding. Transfi~sion has been recommended in criti- 
cal care patients as hypoalbuminaemia has a negative 
correlation witb survival in some studies of humans. 
However, this is controversial, and other studies have 
suggested that althougll transfusion corrects hypo- 
albuininaemia it may actually worsen clinical out- 
come. It is controversial how much low albumin levels 
relate to surgical healing. When poor surgical healing 
occurs in such patients it is a result of a general 
catabolic state but may also be due to tissue oedeina. 

In all the above indications there is usually no 
need to normalize plasma albumin levels. Plasma 
transfi~sion to maintain plasma albumin levels at 
15-20 g/1 will address physiological concerns while 
helping to contain costs. About 22.5 ml/kg plasma is 
required to raise the recipient's albumin level by 5 g/l. 
The volume to transfuse is more precisely calculated 
by using the following formula: 

Volulne of donor Recipient [Desired - cuneilt recipie~~i plasn~a to be = weighf 
tra~~sfi~sed (mi) (kx) 

plasn~a albi~min level (dl)] 

This formula assumes that normal canine plasma 
volume is 4.5% kg bodyweight, albumin level in the 
donor plasma bags averages 25 g/1 and the distributioil 
of albumill is 40% in the plasma. The plasma trans- 
fusioilvolume (inmillilitres) may bedividedby 200ml 
(average volume of one unit of canine plasma) to 
estimate the number of units required. 

Albumill-ricltprodz~cts: The albumin-rich blood prod- 
ucts of choice in humans are purified albumin (5% and 
25% solutions) and plasma protein fraction, which are 
prepared by ethanol extraction. Equivalent canine prod- 
ucts do not exist, but the human products have been 
used in dogs to correct hypoalbuminaemia and for 
volume resuscitation. At the OVC, 25% albumin is 
used at an initial maximum dose of about 2 ml/kg/day. 

The rate of administration depends on the clinical 
situation: 

- For the treatment of hypoproteinaemia, albumill 
is typically given as a constant rate infusion of 
0.1 ml/kg/h for up to 3 days . For urgent correction of hypotetlsion, the dose is 
given over 4 hours or faster 
For voluine resuscitation in severe hypotension, 
it has been given over 10-15 minutes. 

A 25% albumill solution has an osmolality of 1500 
mOsm/l and will cause an intravascular volume in- 
crease of five times the volume of transfused solution 
within 30-60 minutes. Rapid infusion must be avoided 
in conditions with increased riskof pulmonary oedema 
fro~nvolumeoverload (e.g. heart failure). Angioedema 
may occur during administration, and anaphylaxis is a 
potential concern on repeat administration. 

www.vet4arab.co.cc



Practical Blood Transfusion 289 

Syrztl~etic plasrrza expanders: The use of synthetic 
colloids instead of, or in addition to, plasma can also 
reduce the number of plasma transfusions and reduce 
costs. These include 6% dextran-70, 10% pentastarch 
and 6% hetastarch, given intravenously at a dose of 
10-20 ml/kg/d in dogs and 5-10 ml/kg/d in cats for up 
to 3 days. The daily dose may be infused over 15 
minutes to 24 hours depending on theneed to maintain 
blood pressure and volumeexpansion. Pentastarchand 
hetastarchmay havethe additional benefit in vasculitis 
of helping to 'plug' the leaky vessels. Synthetic col- 
loids and albutniu solutions may aggravate haemo- 
staticdefects, requiringthe transfusionof platelet-rich, 
fresh or fresh frozen plasma. 

Colloidal volume expanders should be considered 
in the management of shock if crystalloid fluid infu- 
sion is inadequate or oedema develops. Liquid and 
frozen plasma may be usedfor this purpose at a dose of 
10-20 mllkg, but synthetic colloids or concentrated 
albumin solutions are preferred. It should also be 
remembered that RBCs act as colloidal volume ex- 
panders, and that one volume of RBCs has two to three 
times the volume expansion effect as an equivalent 
volume of plasma. 

Cryoprecipitate 

Preparatiorz arid storage: Cryoprecipitate is a pre- 
cipitate of fresh frozen plasma. It is also known 
as cryoprecipitated antihaemopllilic factor and 
CRYO. Canine cryoprecipitate is prepared by thaw- 
ing a unit of fresh frozen plasma at 4°C until a slushy 
consistency is achieved (typically 3-4 hours). At 
that point the bag is centrifuged at 4'C, and the 
supernatant is expressed, decanted or siphoned into 
a satellite bag, leaving a small residual volume 
behind with the cryoprecipitate. Various centrifuga- 
tion times and residual volumes have been reported, 
including 5000gfor 5 minutes witha residual volume 
of 10-15ml(Schneider, 1995), 3500gfor lominutes 
with a residual volume of 30-40 ml (Stokol and 
Parry, 1998) and 4050 g for 15 minutes with the 
cryoprecipitate resuspended in 20 ml of O.15M saline 
(Ching et al., 1994). 

Canine cryoprecipitate can also be prepared with- 
outcentrifugationby expressi1lg90% ofthesupernatant 
when the fresh frozen plasma has thawed about 90% 
(Schneider, 1995). The bags are sealed as described 
previously and refrozen. 

Cryoprecipitate may be stored at -18'C or colder 
for up to 1 year from the unit's collection date. 

Trarisfnsios: Cryoprecipitate is enriched in FVIII 
and vWf and is the veterinary product of choice for 
treating haemorrhage due to haemophilia A (uncom- 
mon) and vWD (more common). Treating the donor 
before bloodcollectionwith adesmopressin (DDAVP) 

solution for intranasal use 0.6-1.0 pg/lcg s.c. 
30-120 minutes before donation is recommended. 
This increases the donor's vWf levels (see Chapter 
14). A unit of cryoprecipitate contains on average 
40-60% of the FVIII and vWf in the original fresh 
frozen plasma from which it was made, and the most 
active multimers of the latter may be selectively 
enriched. Cryoprecipitate also contains some of the 
fibrinogen, FXIII, fibronectin and a, macroglobulins 
of the original plasma. 

The initial dose of cryoprecipitate is 1 unit110 kg, 
which may be repeated every 4-12 hours as needed. 
The dose of cryoprecipitate (and other plasma prod- 
ucts) required to treat a coagulopathy can be more 
specifically calculated if the concentration of the defi- 
cient factor in the recipient and plasma product can be 
rapidly determined (Wardrop, 1996). 

Recipient (85 [dog] 
P'---- '""sired - cuneni 

I (U/lni)] 

(lnb 
Factor level i n  plaslna product (U/ml) 

This formula assumes that 60 and 85 represent 
ml/kg average blood volume as a proportion of 
bodyweight for cat and dog, respectively. 

A principal advantage of cryoprecipitate is that 
it allows repetitive transfusions of concentrated 
coagulation factors without largevolume transfusions, 
thereby reducing the risk of transfusion reactions. 
The argument has been made that, because only 
about half of the FVIII and vWf in fresh frozen 
plasma is cryoprecipitated, maximum haemostatic 
utility of available blood units is achieved by trans- 
fusing either fresh whole blood or fresh or fresh 
frozen plasma. However, for equivalent alnoullts 
of FVIII or vWf activities in the blood products, 
transfusion of cryoprecipitate will result in higher 
activities in the recipient than will tra~lsfusion of 
fresh frozen plasma, at least when the products have 
been prepared from donors treated with DDAVP 
(Stokol and Parry, 1998). This improved efficacy 
in haemostatic activities compensates or overcom- 
pensates for the poor yield of these factors during 
cryoprecipitation. 

Cryoprecipitate is, however, unavailable to 
many practitioners. The reco~nmended initial dose 
of fresh or fresh frozen plasma to treat haemophilia 
A or vWD is typically 10 mllkg, but doses up to 
30 tnl/kg may be required. The formula above 
can also be used to determine the required volume. 
If the factor level in the plasma product is not 
known, the following forinula may be used as a rule 
of thumb: 

lml plasma contains about 1 unit of coagulation 
factor activity (Wardrop, 1996). 
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In a bleeding diathesis the likelihood is also high 
that the patient will require RBC replacement, there- 
fore fresh whole blood is in many situations the most 
practical therapeutic option. An initial dose of 20 ml/kg 
is recommended. If this degree of RBC transfusion is 
too high, the dose may be lowered to a minimum of 10 
ml/kg. As withcryoprecipitatetransfusion, freshwhole 
blood transfusions may have to be repeated to control 
baemorrhaee. Repeating fresb or fresh frozen plasma - - 
transfusions every 12 hours and fresb whole blood 
transfusions every 24 hours is recommended in an 
effort to obtainacceptable haemostasis while minimiz- 
ing transfusion reactions. With transfusion therapy of 
vWD, regardless of the blood product to be used, 
treating the donor with DDAVP is recommended. 

FVIII and vWf concentrates may be prepared by 
further purification of pooled units of cryoprecipitate or 
by recombinant DNA technology. These have been 
given to dogs inresearchfacilities. Cryoprecipitate is also 
used to prepare a surgical sealant hown as 'fibrin glue'. 

Cryosupernatant 
The supernatant expressed when making cryoprecipi- 
tate is known as cryosupematant or cryopoor plasma. 
It contains the vitamin K-dependent clotting factors, 
albumin and ATIII from the original plasma and may 
be used to treat vitamin K antagonist poisoning or 
deficiency, haemophilia B and hypoalbuminaemia, as 
previously discussed. Cryosupematant is particularly 
useful for the treatment of hypoalbuminaemia due to 
nephrotic syndrome, where dogs are at risk of throm- 
bosis because of reduced ATIII levels and increased 
fibrinogenandFVmlevels. Cryosupematant may also 
be  referred to fresh frozen plasma in some cases of 
DIC, where fibrinogen transfusionmay increase throm- 
bosis and production of fibrin degradation products. 
Cryosupematant may he stored at -18°C or colder for 
up to 5 years from the unit's collection date. 

Platelet products 

Platelet-rich plasma 
Canine platelet-rich plasma is prepared by the centrifu- 
gation of fresh whole blood (collectedin CPD, CPD2 or 
CPDA,) at a lighter gravitational force than normally 
used toseparatepackedRBCs andplasma. This concen- 
trates the platelets in the plasma. The plasma is ex- 
pressedinto asatellitebaguntiltheRBC-plasmainterface 
is 1.0 cm from the top of the bag. Most of the platelets 
are thereby expressed with the plasma. Preparation of 
platelet-rich plasma can be difficult. Results depend on 
the donor, the technician, the centrifuge and the centrifu- 
gation protocol. Various centrifugation rates and times 
have been recommended. Most protocols use about 
1000 g for 4-6 minutes or 2000-2500 g for 2.5-3 
minutes. AttheOVCtheprotocol is 1000gfor4 minutes 
at room temperature, with an acceleration time of 30 
seconds and braking time of 2.5 minutes. 

Feline platelet-rich plasma has been prepared by 
using a 30 minute sedimentation period, followed by 
centrifugation at 150 g for 10 minutes (Cowles et aL, 
1992). Anecdotally, platelet-rich plasma may also be 
prepared by sedimentation alone, although results have 
not been reported. A 1 hour sedimentation time is 
suggested for feline blood and 8 hours for canine blood. 

Platelet concentrate 

Preparation: Canine platelet concentrate is prepared by 
apheresis or by centrifugation of platelet-rich plasma. 
Centrifugation results in sedimentation of nearly all the 
platelets. Ifplatelet-rich plasma is made by using 2000- 
2500 g for 2.5-3 minutes, it is typically centrifuged at 
4000-5000 g to make platelet concentrate. If platelet- 
rich plasma is made by using 1000 g for 4-6 minutes, it 
is typically thcn centrifuged at 2000 g. At the OVC the 
centrifugation protocol is 2000g for 10 minutes at room 
temperature, with an acceleration time of 1 minute and 
braking time of 2.5 minutes. The platelet-poor plasmais 
expressed, leaving 40-70 ml of plasma and the 
sedimented behind The resulting platelet con- 
centrate is left undisturbed for 60 minutes to promote 
disaggregation, and the platelets are then resuspended 
by gentle manual agitation and head'mg. Large leuco- 
cyte-platelet aggregates may be present, which require 
digital compression to aid in resuspension. 

Feline platelet concentrate has been prepared by 
pooling three units of platelet-rich plasma, centrifug- 
ing them at 1100 g for 10 minutes, and resuspending 
the platelets in 5 ml of platelet-poor plasma (Cowles et 
al., 1992). Canine andfeline platelet-poorplasmamay 
be used for fresh or fresb frozen plasma. 

Storage: If platelet products are to be stored, collection 
sets with the appropriate plastic platelet satellite bag 
should be used. Platelet products should be stored at 
room temperature under constant agitation (Figure 
15.25). Platelet storage hags of different composition 
are designed for 3- and 5-day storage. For canine 
platelet products, a maximum storage period of 3 days 
in a '5-day' bag is ideal. Cryopreserved and lyophi- 
hzed canine platelet concentrates have been prepared 
but are not routinely available. 

Figure 15.25: 
Canin4 pktelet 
products stored 
under continuous 
reciprocal agtration. 
End-over-end 
tumblers, elliptical 

Z , " ~ r ~ ~ ~ ~ f ~ ~ y  
also k used if 
continuous agrtation 
is notposs~ble, then 
Intermittent gentle 
manual agltaton is 

- recomm& 
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Transfzisiolt: Platelet products are used in the treat- 
ment of haemorrhage due to thrombocytopenia and 
thrombocytopathy. Platelet transfusion is most benefi- 
cial for thrombocytopenia caused by decreased plate- 
let productiou (e.g. leultaemia, aplastic anaemia). It is 
less beneficial with increased platelet consumptiol~ 
(DIC) andsequestratiol~ (splenomegaly). Platelet trans- 
fusion is least beneficial, but not useless, with in- 
creased platelet destruction (immune-mediated 
thrombocytopenia; IMT). 

As IMT is the most co~n~non  cause of tl~rombocy- 
topenia in general practice, and dogs with otherthrom- 
bocytopenic disorders are often eutl~anazed because of 
poor prognosis or cost of therapy, platelet transfusion 
is not frequently performed. However, with an in- 
creased willinguess on the part of veterinarians and 
owners to treat complex haematological problems, 
platelet transfusion may become more frequent. 

The initial dose for platelet transfusion is one unit 
of platelet-rich plasma or platelet concentrate/lO kg. 
Assuming an average unit contains 60 x lo9 platelets, 
the recipient's platelet count 1 hour after transfusion 
should be increased by 35 x 109/1 if there is no 
accelerated platelet destruction, consumption or 
sequestration. The expected platelet count 1 11our 
after transfusion in the dog is more precisely calcu- 
lated with the for~nula: 

U11it platelet coulit (r 109/1) 
Expected 1-hour . Platelet count before a unit volume (I) r 0.51 
platelet count tm~isfusion (r 10q/l) + 

Recipient xeight (kg) r 0.085 Ilk: 

In the above formula 0.085 x weight is the average 
blood volu~nefor thedog, and0.5 1 corrects for splenic 
sequestration of transfused platelets. If there is mini- 
mal platelet production but no accelerated platelet 
destruction, consumption or sequestration, the recipi- 
ent's platelet count should drop by 33% each day after 
transfusion. When interpreting the success of a platelet 
transfusion, it should be remembered that platelet 
counts at low values are imprecise. Critical haemor- 
rhage callusually be prevented by repeat transfusion to 
maintain the platelet count above 10-15 x 109/l. 

The necessity for a centrifuge and the short shelf 
life make platelet products largely unavailable to most 
clinics. Cases requiring extensive platelet support are 
best referred to a facility that can provide the trans- 
fusions and other aspects of critical care that are 
needed. If platelet products are not available, fresh 
whole blood should be used. As a rule of thumb: 

. 10 ml/kg of fresh whole blood will raise the 
recipient's platelet coul~t by about 10 x 109/l. 

If this is continued for more than a few days, 
polycythaemia will result. Hyperproteinaemia may 
also result from transfusion of large volumes of plate- 
let-rich plasma (see Transfusion reactions). 

If no platelet product is available, transfusion with 
10 ml/kg fresh frozen plasma should he used because 
it contains functional platelet microparticles. Various 
platelet substitutes are under development. 

Vinca-loa~ledplatelets: A unique treatment for IMT is 
the use of 'vinca-loaded platelets,' which are prepared 
by adding supratherapeutic doses of vincristine or 
vinblastiue to platelet concentrates, and, after incuba- 
tion, discarding the supernatant plasma. The vinca 
alkaloids bind to platelet microtubules. On transfusion 
to patients with IMT, the vinca-loaded platelets are 
phagocytosed by splenic macrophages, which then 
suffer cytotoxic injury. The platelets thus act as 'Tro- 
jat~horses,' permitting higher than usual doses of vinca 
alkaloids to be delivered to the macrophages while 
sparing the bone marrow. 

Vincristine-loaded platelets have had limited use 
in veterinary medicine. Anecdotally, veterinarians 
have injected a therapeutic dose of vincristine into 
platelet-rich plasma or fresh whole blood, and, after 
an hour's incubation period, performed the trans- 
fusion. This method of vinca-loading platelets is 
incorrect. A reported protocol based on correct 
principles consists of incubating 100 ml of platelet- 
rich plasma (containing about 250 x lo9 platelets/l) 
with 3 mg vincristine sulphate for 1 hour at 37'C 
with coustant agitation (Helfand et nl., 1984). The 
platelet-rich plasma is then centrifuged to prepare 
a platelet pellet, and all the supernatant plasma 
is discarded. The platelets are resuspended into a 
total of 35 ml saline and transfused over 30-60 
minutes. 

Vincristine-loaded platelet therapy seems to have 
induced remission of disease in several dogs with 
IMT, but interpretation is obscured by concurrent 
therapy. The dogs so treated have ranged in weight 
from 9-30 kg, and thus received quite different 
vincristine-loaded platelet doses. There is no infor- 
mation on the pharlnacokinetics of vincristine given 
to dogs in this manner or on the optimal platelet and 
vincristine doses. 

Leucocyte products 
Blood mononuclear cells may be collected by 
leucapheresis and modified for progenitor cell trans- 
plantation, adoptiveimmunotherapy andgenetherapy. 
Neutrophils may be collected to prepare gral~ulocyte 
concentrates (see Chapter 8). 

Serum products 
Pooled adult serum may be given to neonates as a 
colostrum substitute when there is failure of passive 
transfer. The dose reported in pups is 20 ml/kg orally 
or 20-40 ml/kg s.c. at birth (Bouchard et aL, 1992). 
Subcutaneous administration at the highest dose is 
most effective and does not interfere with feeding. 
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The injection should be given slowly to minimize 
pain. The dose reported in kittens is 150 ml/kg i.p. 
or s.c. divided into three treatmeots over 24 hours 
(Levy and Crawford, 2000). The treatlnent protocol 
in kittens was more effective and should be consid- 
ered for pups. Serum treatment should also be 
considered in the treatment of a fading neonate 
because immunoglobulin therapy (see Intravenous 
immunoglobulin) is beneficial in the treatmalt of 
human neonatal sepsis. The preparatioo of pooled 
serum may not be practical in a general veterinary 
clinic, and the use of serum from a single do~ior is 
likely to be beneficial. 

Other serum preparations used in dogs and cats 
include antitoxins and antivenins, immune serum for 
parvoviral iofections and antithymocyte serum for 
immunosuppression. 

Blood derivatives and blood substitutes 

Intravenous i~n~nunoglobulin 
Concentrated preparations of human immunoglobu- 
lies were initially developed for the treatment of 
humall immu~lodeficiency states. Intramuscular 
preparations have been superseded by intravenous 
immunoglobulin (IVIG), whichispurified~nonomeric 
IgG. Human IVIG may also be used to treat IMT 
in humans and has been used to treat dogs with 
immune-mediated haemolytic anaemia (IMHA) at a 
dose of 0.5-1.5 g/kg as a 12-hour infusion (Scott- 
Moncrieff and Reagan, 1997). The mechanisms of 
action include i~nmunosuppression and inhibition 
of macrophage erythrophagocytosis by saturation 
of immunoglobulin receptors. Human IVIG therapy 
has corrected anaemia in some dogs with chronic 
non-regenerative IMHA. It has not had a major 
impact on survival in severe acute IMHA and is often 
cost prohibitive. Human IVIG has also been used to 
treat canine IMT in a limited number of cases, with 
variable results. Anaphylaxis is a potential conceru, 
especially with repeated administration, but has not 
been reported. 

Lyophilized canine IgG has been prepared and 
used in the management of parvovirus infection 
(Macintire et nl., 1999). Digoxin immune Fab frag- 
ments may be used to treat digoxin toxicosis. 

Other products 
Other blood derivatives and blood substitutes have 
been discussed previously in the appropriate sections. 

ADMINISTRATION OF WHOLE 
BLOOD AND BLOOD COMPONENTS 

Warming and mixing 
Refrigerated whole blood and blood components 
do not need to be routinely warmed before admini- 

stration. The products gradually warm to room tern- 
perature during administration, and excessive warm- 
ing may decrease RBC viability and increase the 
risk of microbial growth. Refrigerated products 
should, however, be warmed to room or body tem- 
perature for recipients at risk of hypothermia and 
when large-volume and/or rapid transfusions are 
planned, because the rapid infusion of cold fluids 
is arrhythmogenic. 

To warm to room temperature, the blood 
product may be allowed to sit at room temperature for 
30-60 minutes before beginning the transfusion. 
To warm to body temperature, the i~ltravenous line 
may be passed through a bowl of water or sandwiched 
between oat bags warmed to 37-3S°C. Electrical 
infusion warmers are also available. The blood 
bag may also be warmed by i~nmers io~l  in a 
37-38°C water bath, although this increases the 
risks of contamination and decreased RBC viability 
compared with warming the'infusion line. Micro- 
wave warming is not recomme~lded because of the 
risks of haemolysis. 

Stored whole blood should be mixed by gentle 
inversion (at least 60 times) before transfusion. 
With canine packed RBCs stored in CPDA,, the PCV 
is often 70-80% and the product may be too viscous 
to transfuse easily, and RBC clumps may be present. 
This problem may be corrected by adding 100 ml 
of 37°C saline to the unit and resuspending the 
RBCs by gentle ma~lual agitation and kneading. Add- 
ing more than 100 ml unnecessarily increases trans- 
fusion volume. Although feline packed RBCs have 
a lower PCV, dilution with 20-30 ml of saline 
facilitates passage through the smaller filters recom- 
mended for use in cats. Canine and feline packed 
RBCs stored in Adsol, Nutricel or Optisol do not 
usually require further dilution before transfusion. 
Calcium-containing fluids such as lactated Ringer's 
should not be used for dilution because the calcium 
may initiate coagulation. 

Frozen plasma products should be thawed in a 
37-38°C water bath or incubator. Thawing time is 
30 millutes or more for a unit of canine plasma. 
Agitation and manually kneading the bag to break up 
ice crystals speed ups thawing. Higher temperatures 
may result in denaturing of proteins. The plasma unit 
shouldbe left inthe freezer bag and box during thawing 
to prevent contamiuation of the entry ports, although 
this slows down thawing time. 

Frozen plasma products may be more rapidly 
thawed in a microwave oven. A reported protocol for 
microwave thawing of canine plasma resulted in 
thawing times of less than 10 minutes (Hurst et al., 
1987). The bag wasplaced in 37°C water for 1 minute 
and then microwaved at the highest setting in a 
700W oven for 14-17 cycles of 10-second cooking 
intervals and 5-second intervals of manual agitation. 
When ice particles less than 1.0 cm long remained, 

www.vet4arab.co.cc



Practical Blood Transfusion 293 

the bag was inverted several times for 30 seconds 
to complete the thaw. Thawing at the defrost setting 
has also been recommended O<ristensenandFeldman, 
1995a). Cautionis advised whenmicrowavingplasma 
because of variations between microwave ovens. 
Short cooking times and intermittent agitation are 
recommended to minimize non-uniform heating 
and protein denaturation. Bags with aluminum clips 
should not be microwaved. 

Frozen plasma products should not be thawed in a 
refrigerator as this results in formation of cryoprecipi- 
tate. Units of cryoprecipitate may be thawed as de- 
scribed above or by adding 10 ml of 37°C salme per 
unit and gently kneading the bag for 3 minutes. Multi- 
ple units should be pooled in one bag for transfusion 
(Kristensen and Feldman, 1995a). 

Venous access 
A transfusion may be given via any vein. Viscosity of 
transfused whole blood may slow or stop transfusions 
with smaller catheters. In the dog, a 16-19 G jugular 
catheter or 18-20 G peripheral vein catheter is satisfac- 
toly, with the larger gauge catheters preferred for 
packed RBC transfusions. In cats, a 22 G peripheral 
vein catheter also works because of the lower PCV and 
smaller RBC size. 

If venous access is not possible, the intraosseous 
(intramedullary) route is best, with an 18-20 G needle 
or bone marrow aspiration needle placed into the 
trochanteric fossa (Otto and Crowe, 1992). The trans- 
fusion will be rapidly absorbed into the systemic 
circulation. Intraosseous transfusion is particularly 
usefulinneonatal transfusion, where a 22 Gneedle can 
also be placed into the tibia1 crest. 

Neonates can also be transfused by intraperitoneal 
injection. About 50% of transfused RBCs will be 
absorbed into the circulation from the peritoneal space 
in24 hours, and 70% within48-72 hours, but they will 
have a shorter Life span. 

Transfusion rate 
As a generalrule, wholebloodandits components may 
be transfused at a rate of 5-10 ml/kg/h. The initial rate 
should be 0.25 ml/kg/h for the f i t  15-30 minutes to 
allow for early detection of potentially severe trans- 
fusion reactions. This step may have to be omitted if 
emergency transfusion is required. 

The maximum rate of transfusion is 22 ml/kg/h, 
which is usually only used in an emergency situation. 
Electrocardiographic monitoring is recommended dur- 
ing higher transfusion rates (especially with large 

In some cases this may not be possible, and in 
the author's opinion it is acceptable for a transfusion 
to extend over a longer period so long as strict 
attention is given to preventing contamination when 
the transfusion is set up. Alternatively, some blood 
products may be divided into subunits and the 
subunits refrigerated until transfused. This practice, 
however, involves additional manipulation of the 
blood product, increasing the risks of contamination 
and in vitro haemolysis. 

Filter 
Special administration sets for blood transfusion are 
commercially available, which contain in-line filters 
to remove clots, platelet aggregates and some fat 
(Figures 15.26 and 15.27). However, if an animal is 
in need of an emergency transfusion and a filter set is 
not available, then an unfiltered transfusion of fresh 
whole blood or plasma can be given so long as the 
collection is smoothand rapid andthere are no grossly 
visible clots. Filters should always be used with 
stored whole blood and blood components. Filters are 
recommended for plasma products as they may con- 
tain particulate matter. 

volumes) since arrhythmias may bccur from vario"s 
mechanisms. Figure 15.26: Standard transfusion sers containinp a 170 un 

Transfusion rates must be slowed down in the filier for use in blood transfirJliioG to middle and llrge breed 

i presence of increased risks of volume overload. TO dogs. Sets come as (0) 'straight' (single line) and (bj 'Y: 
which allows for concurrentfluid therapy with saline. When minimize the risk of in RBC bloodproducts are being given to deliverplatelets or clotting 

and plasma products, human standards stipulate that factors, transfusion sets without latex bulbs should be used, 
a transfusion should be completed within 4 hours. as latex may bind these components. 
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ADVERSE CONSEQUENCES OF 
TRANSFUSION (TRANSFUSION 
REACTIONS) 

Figure 15.27: The standardfransfusion sets are too large to 
use with cats, toy breeds andpaediatricpatients. as much of 
the transfusion remains in fhe set and must beflushed through 
with saline, thus increasing the risk of volume overload 
Humanpaediabicfilters andsmall infusion sets are suitable 
for small wlume transfusions. (a) Blood component injision 
set (Baxter 4C2223) containing an 80 pmfilter. (b) Hemo- 
Nate (Gesco) containing a 20 pmfilter. The smallerpore 
filters are designed to remove microaggregates of 
degeneratingphtelets, leucocytesandfibri~ which willpass 
through standard 170 pmfillers. Microaggregatefiltration is 
of most beneJir in cardiopulmonary bypass and blood 
scavenging (see AutotraqLvion). Microuggregatefilrration 
may also ameliorate the rhrombocytopenia that may occur 
a&r rrurufuston ot>infi lo .splmtc~e&rstrurion (f 
micronggrrgntes. 7he m i c r o a g g t r  ure used hrrefor 
the ad,o,irage ofthr sntall wrlunie infusu~~i sets. 

Delivery 
Inmost veterinary clinics canine transfusions are deliv- 
ered by gravity. Newer infusion pumps can be used. 
Some older models cause haemolysis, and the manufac- 
turer should be consulted. For feline and paediatric 
transfusions, a 60 ml syringe can be used to slowly 
deliver the mmfusion by intermittent injection. Syringe 
infusion pumps are also available. If the small volume 
blood product is in a bag, a smaller volume transfusion 
set should be used (Figure 15.27a). Alternatively the 
blood product may be gently drawn out of the bag with 
an 18 Gneedle and 60 ml syringe and then injected If a 
standard canine unit is being used to transfuse a small 
patient, a biuret can be placed between the bag and the 
fiter set to regulate the delivered volume. 

Record keeping 
A transfusion log should be kept noting the informa- 
tion from the blood product label, recipient, trans- 
fusion date, and transfusionreactions. A highly visible 
notationshouldbe added to themd~calrecord to show 
the patient has received a transfusion. 

Transfusion reactions are categorized as immunologi- 
cal and non-immunological and as acute and delayed. 
The major transfusion reactions are listed in Figure 
15.28. Immunological reactionsare due toRBC, plasma 
protein, white cell and platelet antigens. The non-spe- 
cific signsthat may occur with an acute immunological 
reaction to any blood product are shown in Figures 
15.29 and 15.30. More specific clinical signs are dis- 
cussed with eachtype of reaction. Some of the informa- 
tion concerning causes andmanifestations of transfusion 
reactions is based on experimental evidence and ex- 
trapolated from human medicine. The reported rates of 
acute transfusion reactions in dogs and cats range from 
3 to 8%. These rates are expected to decline with 
improved compatibility testing and increasing experi- 
ence in veterinary transfusion medicine. 

~e.qcti.@..t< @lasi;p~6f$i~ 
Reacfionsto.white blood cells and pl&tel&t$ . . 
other immunological kadtions 
Non-immunological transfusion reactions a 
Anaphylactoid reactions 
Volume (circulatory) overload 
Hypothermia 
Citrate intoxication (hypocalcaemia) 
Heparinization 
Coagulopathy and thrombosis 
Microbial contamination 
Hyperammonaemia 
Hypophosphataemia 
Hyperkalaemia 
Acidosis 
Pretransfusion (in vitro) haemolysis 
Haemosiderosis 

Figure 15.28: Transfusion reactions in the dog and cat. 

Weakness, depression, recumbency 
Tremors, agitation, vocalization 
Polypnoea, dyspnoea , , 

Tachycardia, bradycardia (cats), arrhythmias, pal?. 
mucous membranes, weak pulses (hypotension): 

Cardiopulmonary arrest (may be the only sign 
present during anaesthesia) 

Salivation (and other signs of nausea), vomiting,. , 

diarrhoea 
Urination 
Seizures, coma . , 

&gi&$.epa &,d~aria~@.e:Pfp.15~%Oj! ' . 

Figure 15.29: Non-spectfic clrnical srgns that may occur wifh 
an acute immunologtcal reaction to a trarqiksed bloodproduct. 
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Figure 15.30: 
Angroedema in a 
dog occurrtng 
within minutes of 
giving a test dose 
of whole bloodat 
0.25 m@g/h. 

Immunological transfusion reactions 

RBC incompatibility reactions (haemolysis) 
The pathogenesis of haemolytic reactions has been 
discussed above (see Canine blood groups and Feline 
blood groups). The clinical signs of an acute haemo- 
lytic crisis in dogs include one or more of the signs 
listed in Figure 15.29 plus haemoglobinuria and hae- 
moglobinaemia. Fever is common but urticaria and 
augioedema are not. Acute renal failure and DIC are 
uncommon sequelae. The severity of the reaction is 
directly correlatedwiththenumber ofRBCs destroyed. 
The reaction is predominantly IgG mediated. 

The severe acute haemolytic reaction of cats isIgM 
mediated and resembles anaphylaxis more than the 
reactionindogs. It isdividedinto two phases (Auer and 
Bell, 1986; Griot-Wenk and Giger, 1995). Recum- 
bency, stretching of limbs, hypotension, bradycardia 
and apnoea are the most common signs in phase I, 
occumng within 2 minutes of starting the transfusion 
and lasting up to 5 minutes. Other acute signs may also 
occur. Less severe reactions areassociated withmilder 
hypotension, tachycardiaandpolypnoea. Haemoglob- 
inuria and haemoglobinaemia may be undetectable 
since small volumes of blood, as little as 1 ml, can 
initiate a severe reaction. Phase 11 (the recovery 
phase) is characleri~ed by tad~ycardia and polypnoea, 
which may last for several hours. Hypertension and 
ventricular arrhythmias follow a severe reaction for 
about 30 minutes. Pulmonary oedema may develop 
within several hours. 

In a delayed haemolytic reaction there are no acute 
clinical signs, but the post-transfusion PCV declines 
rapidly over 3-5 days. In dogs and cats a transfusion is 
expected to 'last' 4-6 weeks, because the half-life of 
transfused compatible RBCs is about 21 days in the 
dog and 35 days in the cat. 

Pretransfusion treatment with antihistamines and 
corticosteroids will not prevent an acute or delayed 
RBC incompatibility reaction in either dogs or cats. 

Reactions to plasma proteins 
Immunological reactions to plasma proteins (usually 
gamma globulins) are allergic in nature (i.e. IgE 
mediated), resulting in urticaria and angioedema or, 
rarely, anaphylaxis. Pruritus, salivation, vomiting 
anddiarrhoea, anddyspnoea frombronchoconstriction 
may occur, but fever is not typical. The hallmark of 
anaphylaxis is hypotension, characterized by weak- 
ness, weak pulses and pale mucous membranes. In 
allergic reactions there is loss of fluid and albumin 
from the circulation, which partly abrogates any 
benefit from the transfusion in this regard. With severe 
reactions, ascites, pleural effusion and pulmonary 
oedema may occur. Allergic reactions to plasma 
proteins typically occnrwithin 1- 15 minutes but may 
occur at any time during a transfusion, even if there 
has been no reaction to a test dose. The risk of such 
reactions increases with the rate of transfusion, pos- 
sibly because some are aoaphylactoid. 

In humans, anaphylaxis occurs when a sensitized 
IgA deficient individual with anti-IgA antibodies 
receives a transfusion containing IgA (i.e. most donor 
blood). The author has seen one anaphylacticreaction 
in a dog that was IgA deficient, but circulating anti- 
IgA antibodies could not be demonstrated. Allergic 
reactions do not seem to occur frequently in dogs 
andcats, but they canoccnrinanaYverecipient. There 
is some evidence that the risk of allergic reactions 
increases with multiple transfusions in dogs and 
cats, and that an animal that has had a previous 
allergic reaction is at increased risk of a subsequent 
one. An urticaria1 reaction in humans is not typically 
repeated on subsequent transfusion, whereas anaphy- 
laxis becomes more severe. Dogs and cats, unlike 
humans, may be transfused more than once from a 
certain donor, and this may increase the risk of 
allergic reactions. 

For animals receiving multiple transfusions, use of 
a new donor for each transfusion (donor rotation) and 
pretreatment with antihistamines with or without 
corticosteroids can be considered, especially if there is 
a history of allergic reactions. Pretreatment with anti- 
histamines andcorticosteroids should beusedif arapid 
transfusion rate is necessary. However, such pretreat- 
ment does nut guardntee that an allergic reaction will 
not occur. For an antihistamine, either diphenhydramine 
or tripelennamine 1.0 mg/kg i.m. 30 minutes before 
transfusion can be nsed. These drugs can be given 
intravenously if necessary, but in some cases admini- 
stration by this route results in transient hypotension 
and agitation. For a corticosteroid, dexamethasone 
sodium phosphate 0.5-1.0 mg/kg i.v. 5-15 minutes 
before transfusion is recommended. 

If a recipient requiring a RBC transfusion has a 
history of severe allergic reactions or is known to have 
aplasma proteinincompatibility withthe only available 
donor, RBCs should be washed with saline before 
transfusion. Washing may be performed either with 
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apheresis equipment or by centrifugation. With the 
latter technique, packed RBCs are prepared as previ- 
ously described, except that as much plasma as possible 
is expressed. A volume of saline equivalent to the 
volume of plasma expressed is added to the RBCs, 
which are resuspeuded by gentle manual agitation. The 
saline-RBC suspension is then centrifuged as before to 
producepackedRBCs,andtl~esaline-plas~nasi~pematant 
is expressed. The procedure is repeated two more times. 

Reactions to white blood cells 
In humans, reactions to leucocytes occur owing to 
inco~npatibilities of major histocoinpatibility complex 
(MHC) antigens. Platelets also express these antigens. 
Reactions between recipient antibodies aud donor 
leucocytes are characterized primarily by fever, chills 
and vomitiug. Such reactions are not usually clinically 
dangerous but interfere with patient wellbeing and with 
monitoriug for sepsis in critically ill patients. In addi- 
tion, when fever occurs haemolysis must be ruled out. 
Non-haemolytic febrile reactiolls may also occur ill 
response to cytokines and other bioactive substances 
that accu~nulate in the stored blood. With either cause, 
the rate of transfusion does not seem to be important. 

Non-haemolytic febrile reactious in dogs and cats 
after whole blood and platelet transfusions are pre- 
sumed to be due to recipient immune responses to donor 
leucocyte antigens and bioactive substances. In the 
author's experience, such fevers (accompanied variably 
by tremors and vomiting) may occur during or within 
several hours of tra~lsfusion, range from mild to greater 
than41.0°Candmay tabeup to 12 hours to fully resolve. 
Animals typically donotseemto beasclinically ill as do 
a~limals with an equivalent fever due to a bacterial 
infection. In humans, the riskof subseqoe~lt i~actions is 
12.5-50%. The risk in dogs and cats is not !u~own, but 
it is presumably high if the same donor is used. 

Pretreatment with antiliistamines will not prevent 
febrile reactions. Pretreatment with dexamethasone so- 
diumphosphate0.5-l.Omg/kg i.v. 5-15 minutes before 
transfusion, or non-steroidal anti-inflammatory drugs at 
standard doses orparaceta~nol (dogs only) 10- 15 mgkg 
orally 1 hour before transfusion may help to prevent a 
febrile reaction. Pretreatment is only recommended if 
the recipient has a history of deleterious febrile re- 
actions. Donor rotation may also reduce the risk of 
febrile reactions. Leucocyte-absorption filters for vari- 
ous bloodproductsareavailablebutexpensive (Brownlee 
etal., 2000). Leucocytecontent of packedRBCsmay be 
reduced less expensively although less efficiently by 
using 20-40 pm filters and/or by inverted centrifuga- 
tion, where the whole blood bag is centrifuged upside 
down when preparing packedRBCs and70-80% of the 
RBCs (determined by weight) are removed by gravity. 
Platelet concentrates may be depleted of leucocytes by 
using a special centrifugation system (Leukotrap Plate- 
let Pooling System, Cutter). All methods of white blood 
cell removal result in some loss of RBCs or platelets. 

A severe acute respiratory distress syndrome may 
also occur in llu~nans after transfusion. This is charac- 
terized by non-cardiogenic pulmonary oedema and is 
believed to be due to donor antibodies reacting with 
recipient leucocytes. This specific reactionin dogs and 
cats has not been reported, althoughpulmonary oedema 
may occur in phase I1 of the reaction of a type B cat 
receiviug type A blood. 

Reactions to platelets 
Platelet alloitninu~lization may occur with repetitive 
transfusions and results in platelet transfusions becom- 
ing ineffective (Slichter, 2000). The onset of platelet 
alloi~nmunization may be delayed by using a new 
uurelated donor for each trallsfusion and may be pre- 
vented by treating the recipient with cyclosporin, but 
not with prednisone or cyclophosphamide. Leucocyte 
reduction combined with ultraviolet irradiation may 
also prevent alloimmunization, but it is unavailable to 
most veterinary clinics. 

Post-transfusion thrombocytopenia may rarely oc- 
cur in humans and dogs within 1-2 weeks after trans- 
fusion and last up to 2 months (Wardrop et al., 1997). 
Antibody response to transfused platelets is general- 
ized to an attack 011 the recipient's own platelets. 
Immunosuppressive therapy with prednisone may 
hasten recovery. 

Other immunological reactions 
I~nmunosuppression resulting from blood transfusion 
is most important in organ transplantation, enhancing 
allograft survival except with marrow allografts. 
It is controversial whether or not transfusion- 
associated i~nmu~losuppression increases the risk of 
illfeetion and neoplasia. The effect of transfusion on 
the course of canine and feline immune-mediated 
diseases is not known. 

Transfusion-related graft-versus-host disease re- 
fers to paucytopenia caused by an im~nunological 
attack on the recipient's boue marrow by lymphocytes 
in the transfused blood. 111 dogs aud cats it is a probler~l 
mostly in bone marrow transplantation but may be a 
concern inseverely i~ninunosuppressedcancerpatieilts. 
If available, irradiation of blood products with 25-50 
Gy should be considered for such patients. 

A transfusion inay have an antineoplastic effect. 
This bas been reported with lymphoid leukaemia in a 
dog (MacEwen et nl., 1981). 

Non-in~n~unological transfusion reactions 
These reactions occur from excessive volumes or rates 
of trausfusion or from changes during storage. 

Anaphylactoid reactions 
Anaphylactoid reactions usually occur from too rapid 
a transfusion rate and resemble allergic reactions to 
plasmaproteins. Non-IgE-mediated mast cell degranu- 
lation occurs, probably triggered by plasma proteins. 
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Volume (circulatory) overload 
Transfusion often involves tlie administratioil of 
relatively high fluid rates and/or volumes. Volulne 
overload is most often a problem in cats, animals 
witli concurreiit cardiac or renal failure and animals 
witli chronic anaemia. The resulting polypiioea and 
dyspnoea - and occasionally ascites - niay be 
confused witli a RBC incotnpatibility reaction or 
a~iapI~ylactic/anapI~ylactoid reaction to plasma 
proteins. The radiographic changes associated witli 
voluine overload and anaphylaxis/anapl~ylactoid 
reactions inay also be similar, in that the latter may 
result in puhnonary oedeina or pleural effusion 
secondary to increased vascular permeability. 

In addition to history, cardiovascular findings are 
helpful in distinguishing volume overload from 
aiiaphylactic/a~iaphylactoid reactions. With volutne 
overload, tlie heart rate tends to be normal to low 
(unless tachycardia is present due to heart disease or 
another disorder), arterial pressure tends to benor~nal 
to high and central venous pressure is high (e.g. 
jugular distension may be evident). If pulmonary 
oedelna is due to volu~ne overload, pulmonary ve- 
nous distensioli will be present on radiographs, and 
cardiomegaly may be evident. In contrast, anaplly- 
lactic/a~iaphylactoidreactio~iscansedistributivesl~ock 
and are characterized by tachycardia, arterial hypo- 
tension (weak pulses) and poor central venous pres- 
sure. Pulmonary veins are normal to sinall on 
radiographs, and microcardia may be present (unless 
tliere is cardiomegaly due to heart disease). 

Polycythae~llia and hyperproteinae~l~ia 
Polycythaemia !nay occur when repetitive trailsfusions 
of fresh whole blood are used to treat a haelnostatic 
disorder. The increased blood viscosity and altered 
rheology may be detritnental in animals that are 
septic (ideal PCV=30%) or prone to thrombosis 
and ischaemia. Phlebotomy (20 ml/kg) may beneces- 
sary, and tlie plasma and platelets may be returned to 
the donor to minimize loss of haemostatic function. 
Hyperproteiiiaemia may also occur with repetitive 
transfusions of plasma products. In the event that 
hyperproteinae~nia causes an unacceptable increase 
in blood viscosity, phlebotomy and reinfusion of 
RBCs should be used before transfusion to remove 
a volulne of recipient plasma equal to tlie volutne 
to be transfused. 

Hypotherniia 
Administration of cold blood products may result in 
hypotliermia. This occurs most often withrapid large- 
volu~ne transfusions, transfusions to paediatric and 
small patients and transfiisions during anaesthesia. 
Transfusion-induced hypothermia may aggravate 
hypother~nia due to shock, cause tremors and result in 
arrliythtnias, which may in turn cause acute cardio- 
pulmonary arrest. 

Citrate intoxication (hypocalcaemia) 
When large volumes of citrated blood proclucts are 
given rapidly, thecitrate anticoagulaiit (which is present 
in excess) can chelate calciuln in the patient resulting 
in signs of Iiypocalcaemia, including inuscle tremors, 
twitching of ears, tetanic seizures, vomiting and 
arrliythmias. The problem is only likcly to occur if 
inore than one recipient blood volume is transfused. 
Lesser volurnes call cause citrate intoxication if blood 
collection bagshave been underfilled or if tliere is liver 
failure, severe hypotension or hypothennia, impairing 
tlie nietabolisrn of citrate to bicarbonate. Tremors due 
to hypocalcaemia can be confused with those due to 
hypotherinia, which inay also result from rapid large 
volnme transfusion. 

Confirmation of citrate-induced hypocalcae~nia re- 
quires measurement of ionized calcium, because the 
citrate-bound calcium will be measured if total serum 
calciuni is measured. Unfortunately, ionized calcium 
levels are not available as a 'stat' value in most veteri- 
nary clinics. Electrocardiograpliic changes may be 
supportive. The most cominon change is prolongation 
of the Q-T interval; other changes include depression 
of P and T waves and ventricular arrliythmias. Treat- 
ment is 10% calciumgluconate0.5-1.5 ml/kgi.v. over 
5-10 minutes, to effect. The injection of calciu~n 
gluconate should be interrupted if vomiting or 
arrhythmias occur. 

Citrate intoxication may also cause hypomagnes- 
aemia. With tlie recent interests in the role of mag- 
nesium in critical care, this effect may receive inore 
attention in the future. 

H e p a r i ~ ~ i z a t i o ~ ~  
An animal is considered to be lieparinized when it  
has received a hepari~? dose greater than 100 IU/kg, 
but marked hae~norrhagic tendencies are not likely 
to occur until doses greater than 300 IU/kg have 
beell given. Heparin is rapidly rnetabolized (plasma 
half-life is 1.5 hours) so bleeding is rarely a problem. 
I11 the event of an inadvertent inassive overdose 
of heparin, protamiiie sulphate may be given at a 
lnaxiinum dose of 1.0 mg/100 IU of heparin intrave- 
nously, althoughfewveterinary clinics routinely carry 
this product. It is important to err on the side 
of underdosing protamine, since protamine itself is 
an anticoagulat~t witli no antidote. 

Coagulopathy and thron~bosis 
Dilutional coagulopathy may occur from rapid trans- 
fusionof largevolu~nes (usually greatertha~i one blood 
volume) of stored whole bloodor liqiiid/frozen plasma, 
which are deficient in platelets and have reduced levels 
of coagulatio~i proteins. This is most likely to occur in 
catastrophic trauma patients, al~dtliesituatioliisaggra- 
vated by aggressive fluid therapy. Transfusion witli 
platelet-rich blood products and fresh frozen plasma 
may be required. 
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Blood t r a ~ ~ s f u s i o ~ ~  may increase the risk of pul- 
monary thromboe~nbolis~n in dogs witli IMHA 
(Klein ct a/. ,  1989). Transfusions of fresh or fresh 
frozen plasma may increase the risk of thrombosis 
in some situations (see Cryoprecipitate and 
Cryosupernatant). 

Microbial contaniination (transfusion-associated 
sepsis) 
Transfusion of blood products conta~ninated with 
bacteria or fungi can result in acute vomiting, 
diarrhoea, dyspnoea, collapse, cardiopulmonary 
arrest and haemolysis, thus rni~nickii~g immunologi- 
cal reactions. Fever may occur, but its absence 
does not rule out blood product contatnination. The 
peracute signs result from transfused endotoxins 
rather than bacterial proliferation in the recipient. 
However, the trailsfused bacterialnay also cause later 
signs of systemic or localized infections. Contami- 
nated blood may appear darker than usual or brown 
and/or contain air bobbles or clots, and such blood 
should not be used. 

Sources of microorgai~is~ns i~icludedonors (bacter- 
aernia and skin flora) and contaniinated blood collec- 
tion, banlciug and transfusion supplies. Infections 
resulting from a fresh transfusion are unlikely to occur 
unless there is gross conta~ninatioti during collectio~~. 
The proble~ns occur inost often when microorganisms 
proliferate in stored blood products. The risk of trans- 
fusion-associated sepsis witli   nod ern human blood 
banking is low. The risk is higher witli leucocyte- 
depleted products, since leucocytes phagocytose 
lnicroorganisms during storage, and witli platelet pro- 
ducts stored at room temperature. 

The organis~ns iinplicated most often in humans 
are psychropbilic environmental couta~ni~iants and 
faecal flora, which can typically use citrate as a carbo- 
hydrate source. The most colnmon RBC conta~ninants 
are Yersbzia enterocolitica and Pse~rdonlorlns spp., 
whereas platelet products are most coin~nonly con- 
taminated with Stqlzylococcus spp., Streptococc~ts 
spp. and various Gram-negative organisms. 

The prevalence of ~nicrobial contamiuation and 
organisms involved in veterinary transfusion medi- 
cine are poorly docu~nented. Sepsis after transfusion 
of Klcbsielln spp. contaminated blood occurred in 
one dog at the OVC. Contamination of cat blood 
with Serratin rilarcescens has been reported 
(Hohenhaus etal., 1997). In this report sepsis resulted 
from use of a contaminated intravenous solutioii 
and not from use of an open collection system. When 
a practice is first developing blood banking, 
blood products should be routinely cultured usi~ig 
blood-culture media before atid after storage. 
Routine culturing was disconti~iued at the OVC in 
1991 since there had not been a positive isolate in 5 
years, and no i~ifections owing to tra~~sfusions have 
been docu~nented since that time. 

Hyperammonaemia 
A~nmo~iia builds up during RBC storage, and only 
RBC products stored for less than 2 weeks should be 
given to aninials witli liver failure. 

Hypophosphataemia 
Phosphate levels decrease progressively during RBC 
storage, and RBC fragility increases. Tliis is not nor- 
mally aproblem. However, transfusionof whole blood 
or packed RBCs nearing the end of tlieir storage 
periods may aggravate liypopliospliataen~ia. Trans- 
fusion of RBC products stored for less than 2 weeks is 
recommended in Iiypopliosphataemic animals, espe- 
cially if the transfusion is being given because of 
haemolysis secondary to liypopliosphatae~nia. 

Hyperltalaemia 
RBCs leakpotassiu~n during storage, and transfi~sioiis 
greater than one recipietit blood voluine inay cause 
hyperkalaeniia in humans with renal failure or 
pretransfi~sion Iiyperkalaernia. This is not as likely to 
be a proble~n in dogs and cats, which have lower RBC 
potassiu~n levels. Purebred and crossbred Akitas are an 
exception and sliould therefore not be used as donors. 
Shiba Inus also have increased RBC potassiu~n levels 
but are uot usually used for blood doiiation because of 
their srnall size. 

Acidosis 
There is a progressive decrease in tlie pH of stored 
RBC and platelet products. Large-volutne transfusion 
could, therefore, potentially aggravate metabolic acid- 
osis. This rarely occurs, especially since transfused 
lactate and citrate are usually rapidly ~netabolized to 
bicarbonate. 

Pretransfusion (in vitro) haemolysis 
In vitro haemolysis may occur from microbial con- 
tamination, poor RBC viability during storage, rough 
handling, freezing, overheating of blood or mixing 
witli hypotonic solutions. RBC-rich blood products 
should not be diluted in a 5% dextrose solution. A 5 %  
dextrose solutioii is isotonic, but when mixed with 
whole blood or packed RBCs, the red cells will meta- 
bolize tlie dextrose, and the resulting hypotonic solu- 
tion will cause haetnolysis. Signs of pretra~isfusion 
hae~nolysis are identical to IgG-mediated haemolysis. 
At tlie OVC two transfusion reactions tocaninepacked 
RBCs stored in CPDA, were attributed to poor in vitro 
viability and rough handling; no such proble~ns have 
occurred witli transfusions of packed RBCs stored in 
Adsol, Nutricel or Optisol. 

Even under ideal storage conditions, some liaemo- 
lysis occurs. In IMHA transfused RBCs are likely to 
utidergo immediate im~nunological attack. RBCs with 
increased fragility are likely to be more susceptible to 
immunological injury, so transfilsious of RBCs less 
than 2 weeks old are preferred. 
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Haelllosiderosis 
Liver damage {nay rarely occur as a complication of 
iron overload from numerous transfusions. It has been 
reported as a complication of transfusion therapy with 
some congenital Iiaemolytic anaemias. 

MANAGEMENT OF ACUTE 
TRANSFUSION REACTIONS 

Tlie management of acute transfusions reactions has 
been reviewed by Auer and Bell (1986), Harrell and 
Kristensen (1995) and Mathews (1996). 

General measures 

1. Monitor the patient closely during transfusion to 
facilitate early detection. Tlie patient sliould be 
observed 'at tlie bedside' for tlie first 15 rninutes 
and then 'at a distance' throughout the transfusion 
for any signs of a possible reaction. Temperature, 
heart rate and respiratory rate sliould be obtained 
every 5-10 minutes for the first 15-30 tnioutes 
and every 15-30 ~ninutes thereafter. 

2. Stop tlie transfusion at the first sign of a possible 
reaction. This may be the only specific measure 
required with mild reactions. With a severe 
peracute reaction (e.g. anaphylaxis, type B cat 
receiving type A blood), aspirate any blood 
product remaining in the catheter before infusing 
fluids or drugs. Verify tliat the correct blood 
product was given to tlie intended recipient. 
Identify tlie volutne tliat has been transfused and 
tlie rate at which that volu~ne has been 
transfused. Do not discard tlie blood product - it 
may be needed for full investigation or it may be 
possible to resume the transfusion. During 
intern~ption of a transfusion, platelet-poor blood 
products should be refrigerated. Interruption of a 
transfi~sion tnay violate tlie 'complete transfusion 
within 4 hours rule'. In the author's opinion, this 
is acceptable as long as care was taken not to 
contaminate the transfusion during set up, and it 
is preferable to wasting a blood product. 

3. If a reaction is suspected, assess the recipient's 
temperature, pulse rate and quality, respiration 
rate and character, lnucous membrane coloi~r 
and capillary refill time and aleltness. Monitor 
these variables closely. If hypote~~sion is 
suspected, measure blood pressure if possible. 
If arrhythmias are present or there is a high risk 
of occurrence, establish continuous 
electrocardiographic monitoring if possible. 

4. Begin artificial respiration if respiratory arrest 
has occurred and cardiopul~nonary resuscitation 
if cardiopultnona~y arrest has occurred. 
Resuscitation should be attempted as the 
situation is not liopeless. Resuscitation niay 
result in recovery without drug therapy. 

Addtxss angioede~ila and anaphylactic/ 
anaphylactoid shock 

5. If urticaria, angioedelna or pruritus is present, 
rule out liaemolysis and examine for signs of 
shock (e.g. recumbency, tachycardia, weak pulses, 
pale mucous membranes). Give an antihistamine 
(e.g. diplienhydramine 0.5-2.0 ~ng/kg i.m., 
tripelennamine 1.0 &kg i.tn.) atid 
dexamethasone sodiuln phosphate 0.5-1.0 mdkg 
i.v. over 20 minutes. Tlie antihistamine and 
corticosteroid sliould not be given as rapid 
intravenous boluses as both such treatments can 
promote liypotension. If a reaction to plasma 
proteins is stable or subsiding, the transfusion can 
be started again at 25-50% of the previous rate. 

6. Ifanapliylacticoranapliylactoidsliockhasoccurred: - Ensure an open airway and administer oxygen 
If peracute give 1: 10 000 adrenaline 0.1 
ml/kg i.v. 
1:10 000 adrenaline is prepared by taking 
1 ml adrenaline 1:lOOO (1 mg/ml) and 
diluting in 9 ml saline 
Ifsevere give 1:l00000adrenaline0. I ml/kgi.v. 
1:100 000 adrenaline is prepared by taking 
0.1 tnl adrenaline 1:lOOO (1 mglml) and 
diluting in 9 ml saline 
If mild to moderate give 1:100 000 adrenaline 
0.05 ml/kg i.tn. and 0.05 ~nl/kg s.c. Adrenaline 
may berepeatedevery 2-30minutes as required - Begin saline or similar fluid at 90 ml/kg/h 
(1.5 ml/kg/min) in dogs and 60 ml/kg/h (1.0 
ml/kg/niin) in cats. This Iiigh fluid rate sliould 
be discontinued as soon as possible to avoid 
exacerbation of pullnonary oedema - Give an antihistamine as in (5) . Give an H2 blocker, for example, ci~netidine 
5 mg/kg i.v. or ranitidine 0.5-2.0 mg/kg i.v. 
(dog), 2.5 mg/kg i.v. (cat) - Once liypotension has been reversed, give 
prednisolone sodium succinate 5-30 mg/kg 
i.v. or dexa~iietliasone sodium phosphate 
0.5-4.0 mg/kg i.v. over 20 tninutes. More rapid 
administration lnay exacerbate liypotension 
If there are signs of increased vascular 
permeability (e.g. increasing PCV with 
decreasing total solids, ascites, pulmonary 
oedema, pleural effusion) or liypotension is 
persisting, give pentastarcli or lletastarcli at a 
dose of 10-20 ml/kg (dogs) and 5-10 ml/kg 
(cats) over 15-30 minutes 
If liypotension is persisting, give adrenaline or 
dopatnine by constallt rate infusion (CRI). For 
adrenaline CRI, add 5 mg adrenaline to 1.0 
litre saline (final concelitratio~i = 5 pg/ml); 
start at 0.1 pg/kg/min (0.02 ml/kg/min, 1.2 
ml/kg/li) and titrate up or down to effect. 
For dopamine CRI, add 200 mg dopamine to 
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500 ml5% dextrose solutio~i (final 
concentration = 400 pglml) and give at 2-10 
yg/kg/min (0.005-0.025 ml/kg/min, 0.3-1.5 
ml/kg/h) and titrate up or down to effect . If dyspnoea is present (from pullnonary oede~na 
or bronclioconstriction), give a~ninopliylline 
5 mg/kg i.v. over 20 minutes. The dose tnay 
be repeated in 6 liours if necessary. Do not 
use aminopl~ylline with cimetidine 
Once an anaphylactoid reaction has subsided, 
the transfusion may be resumed at 10-25% of 
the previous rate. If a transfnsion has resulted 
in anaphylaxis, the recipient should never be 
transfused from that donor agaiu and must be 
transfused from a new donor with extreme 
caution in the future. 

Rule out hael~lolysis 

7. If RBCs are being transfused, collect a 
microliaematocrit tube of blood from tlie recipient 
and fro~n the blood bag. Examine plasma from each 
for evidence of haemolysis. Check the recipient's 
urine for llae~noglobinaemia. Remember that cats 
in particular call have a haetnolytic reaction 
without evidence of haemoglobinae~nia and 
Ilaernoglobinuria. If a haemolytic reaction has 
occurred, blood typing of donor and recipient a~id 
crossmatching should be perfonlied to elucidate 
the incompatibility or repeated to rule out 
pretransfusion laboratory error. 

8. Canine haeniolytic reaction: If haemolysis is 
present in a dog, regardless of cause, obtain 
baseline serum urea and/or creatinine level and 
activated clotting time. Begin intravenous fluid 
therapy witli a replacement fluid to maintain 
adequate hydration and treat liypotension. I11 
moderate to severe cases give frusemide 2-4 
mg/kg i.v. to help maintain urine production. If the 
dog has severe haetnolysis and is acidaemic, it may 
also be beneficial to treat with intravenous sodium 
bicarbonate; this may facilitate excretion of RBC 
stroma, although it is not of proven benefit. 
Monitor urine production. 111 the unlikely event 
that acute renal failure develops, give dopamine at 
5 pdkdmin i.v. as in (6), aud i~istitute standard 
therapy. If massive hae~nolysis or ovenvhel~ning 
sepsis has occurred, consider giving lieparin 
70-200 IU/kg s.c. tid as prophylaxis for DIC. 

9. Feline haemolytic reaction (type B cat receiving 
type A blood): Treatment of short-tenn (phase I) 
hypoteusion is the cornerstone for tnaiiaging this 
reaction. Giving crystalloids as described in (6) 
and 'waiting out' tlie reaction may be all that is 
necessary. Antihistamines and coaicosteroids are 
not routinely given. If cardiopi~lmo~iary arrest 
occurs, the most i~nportant treatment is 
cardiopulmonary resuscitation. If cardiac function 
has not returned within 90 seconds, give 1: 10 000 

(0.1 mdml) adrenaline 0.1-0.3 mljkg i.v., and 
repeat in 2-3 minutes if necessary. Persistent 
phase I liypotension should be treated witli 
syntlietic colloids (preferably) or crystalloids and 
drugs if necessary, as described in (6). Pe~sistent 
phase I bradycardia may be treated with atropine 
0.04 tnglkg i.v., or 0.08 mdkg intratracheally. Tlie 
latter route reduces the risk of ventricular 
fibrillation. Treatment for liypotension niust be 
discontinued when phase I1 Iiypestension develops. 

10. Management of pretransfusion liaemolysis in 
both dogs and cats is similar to the management 
of Iiaemolysis it1 dogs described in (8). Tlie dose 
of frusemide in tlie cat is 1-2 mg/kg. Potential 
causes should be investigated. 

Rule out microbial contalnination of blood product 

11. If signs are compatible with transfusion-associated 
sepsis, microbial contamination should be ruled 
out by testing tlie blood remaining in the bag. 
Gram-stained or Wright's-stained blood smears 
should be examined for tnicroorganisms, and tlie 
blood sliould be cultured at 1-6'C, 25-30°C 
and 37'C. Two si~nultaneous satnples for blood 
culture from different veins sliould also be 
obtained from the recipient, who should then be 
treated with enrofloxacin 5 ~ng/kg i.v. and either 
cefazolin 30 mg/kg i.v. or clinda~nycin 10 ~ng/kg 
i.v., all given over 20 minutes. This approach is 
not necessary with simple urticarial reactions. 

Address dyspl~oea 

.2. Rule out liaemolysis, sepsis and allergic reactions 
and treat these as described above. If dyspnoea is 
due to volume overload, give fmse~nide 2-4 
mgjkg (dog) or 1-2 tng/kg (cat) i.v. Oxygen 
therapy is usually beneficial regardless of the 
cause of dyspnoea. A~ninopliylline (see 6) may 
also be beneficial. Mechanical ventilation may be 
required in severe cases of non-cardiogenic 
pulrnonasy oedema, such as may occur in phase 11 
of an acute feline haemolytic reaction. 

Address fever 

13.If fever is the only sign, rule out liaemolysis and 
bacterial contamination as previously discussed. 
If the transfusion is not co~npleted and the fever 
is believed to be due to leucocyte antigens, tlie 
transfusion tnay be resumed. If the temperature 
is liiglier than 41.0°C, consider giving an 
antipyretic drug if not contraindicated by 
concurrent disorders. Drugs include dipyrone 
25 mg/kg (dogs) or 10 mg/kg (cats) by slow 
intravenous bolus, intramuscularly or 
subcutaneously; aspirin 10 mg/kg orally (dog 
only) and other non-steroidal anti-inflammatory 
drugs at standard doses; paracetamol 10- 15 
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mg/kg orally (dog only); and dexamethasone 
sodium phosphate 0.5-1.0 mglkg i.v. 

Address other problems 

14,Arrhythmias should be treated by standard 
therapy. Note that the most common arrhythmia 
in phase I1 of an acute felime haemolytic reaction 
is ventricular bigeminy, which does not normally 
require treatment. 

15. Seizuresareusually self-1imiting.Frequentseizures 
or status epilepticus should be treated by standard 
therapy withdiazepamwithorwithoutphenobarbital. 

16. Gastrointestinal signs are usually self-limiting 
and do not require specific treatment. An 
exception is with allergic reactions, where 
treatment with an H, blocker as listed in (6) 
should be considered if moderate to severe 
vomiting and diarrhoea are present. 

AUTOTRANSFUSION 

In autotransfnsion the patient's own blood is collected 
andreinfused. This approach, whichis underutilizedin 
veterinary medicine, avoids disease transfer, the need 
for a donor and incompatibility. There are three types 
of autotransfusion: preoperative donation, haemodilu- 
tion and scavenging. 

Preoperative donation and haemodilution 
These procedures refer to elective donation of blood 
from a patient before a procedure where there is a high 
likelihood of transfusion requirement. These proce- 
dures are particularly useful with dogs that have a 
history of transfusion reactions and with type B cars 
where donor availability may be limited. A case series 
of preoperative donation has been recently reported in 
cats (Fusco et al., 2000). 

Preoperative donation may be performed at any 
time within the maximum RBC storage period, but is 
ideally performed about 2-3 weeks in advance of 
surgery. This allows time forthe marrow to regenerate 
the lost RBCs while minimizing the decrease in stored 
RBC viability. Iron supple~nentation is recomnended 
in humans. If sufficient regeneration has occurred, 
predouation may be combined with haemodilution. 

With haemodilution the donation is performed 
immediately before surgery. The withdrawn blood 
volume is replaced by three times that volume with 
crystalloid solutions. Colloid solutions may also be 
used, with the replacement volume equal to the with- 
drawal volume. In acute blood loss, the haemo- 
dynamic problem is one of volume depletion and not 
RBC loss. With this procedure volume depletion is 
corrected andintraoperativeRBC loss is minimized. If 
the donation precedes volume replacement, the maxi- 
mum donation volume is 25% of estimated blood 

volume. If volume replacement occurs concurrently 
with blood withdrawal, the target haematocrit is 
20-28% in an otherwise healthy animal. The volume 
to remove is calculated as: 

Estimated Initial PCV -Final PCV = blood 
volume volume Average of initial and final PCV 

The hloodisstoredatroomtemperatureandreinfused 
within 8 hours to preserve haemostatic properties. 

Haemodilution is more complicated than 
preoperative donation. The main advantage of haemo- 
dilution over preoperative donation is that the blood 
contains normal levels of platelets and coagulation 
factors. Haemodiutiou is also useful where blood 
banking is not possible. 

Although immunological transfusion reactions are 
avoided, anaphylactoid reactions, non-haemolytic fe- 
brilereactions to bioactive compounds andnou-immu- 
nological reactions may st111 occur. 

Salvage (scavenging) 
This refers to collecting intrathoracic or intra-abdomi- 
nal bloodand reinfusingit. It is usually performed with 
traumaandsurgerypatients, andis a particularly useful 
procedure inveterinary emergency clinics where blood 
supply can easily be exhausted and there is insufficient 
time for a fresh donation (Purvis, 1995). 

Commercial scavenging systems, and in-line col- 
lecting bags for use with commercial suction chest 
drainage systems, are available. Scavenging systems 
using readily available equipment have been 
described (Crowe, 1980). Large volumes of shed 
blood may be suctioned th~ough a Poole suction tip, 
peritoneal dialysis catheter or large-bore tube itlto a 
sterile collecting bottle. Another method is to attach 
an injection cap ('INTS', 'PRN adapter') to a collec- 
tion catheter. The needle of a blood collection set is 
pierced through the injection cap, and blood is col- 
lected by vacuum as described previously forjngular 
collection. The salvaged blood may be reinfused as 
rapidly as possible. For small dogs and cats, aspira- 
tion of blood with a 60 ml syringe and sterile intra- 
venous tubing will suffice. Three-way stopcochs 
and intravenous tubing may be attached to allow 
direct reinfusion and anticoagulation. Because it 
takes 1 hour or more of serosal contact for blood 
to become fully defibrinated, anticoagulation is rec- 
ommended at a rate of 0.05 ml CPD (or CPDA,)/ml 
salvaged blood. 

Salvaged blood is more prone to haemolysis and 
must be handled gently. Vacuum pressures should be 
40-60 mmHg (1.6-2.4 iuChesHg, 54-82 c m i 0 )  for 
intraoperative collection and 10-15 mmHg (0.4-0.6 
inchesHg, 14-20 cmH,O) for collection from closed 
body cavities.Aspirationof air shouldbe minimizedas 
this can worsen haemolysis. Autotransfusion should 
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not be p e r f o r m e d  if haemorrhage o c c u r r e d  more t h a n  
6 h o u r s  p r e v i o u s l y ,  b e c a u s e  c o n t a c t  o f  b l o o d  w i t h  
t r a u m a t i z e d  serosa increases I i a e m o l y s i s .  E x c e s s i v e  
p r e s s u r e  m u s t  be avoided when r e i n f u s i n g  b y  injec- 
t i o n .  I n f ~ t s i o n  p u n i p s  s h o u l d  not be u s e d .  

C o a g u l a t i o n  and f i b r i n o l y s i s  are a c t i v a t e d  on con- 
t a c t  of b l o o d  with s e r o s a l  s u r f a c e s ,  and p l a t e l e t s  are 
r e d u c e d  in n u m b e r  and f i rnc t ion .  This has s e v e r a l  
i m p l i c a t i o n s .  F i r s t l y ,  s a l v a g e d  b l o o d  c a n n o t  be e x -  
p e c t e d  t o  c o r r e c t  l i y p o c o a g u l a b l e  s t a t e s .  Indeed, l a r g e -  
volumeautotrallsfusiotltnay resultina1iypocoagiilable 
s t a t e .  This i s  m o s t  l i k e l y  t o  o c c u r  w i t h  v o l u m e s  g r e a t e r  
t h a n  50% o f  p a t i e n t  b l o o d  v o l u m e ,  and h a e m o s t a s i s  
u s u a l l y  normalizes w i t h i n  3 d a y s .  S e c o n d l y ,  s a l v a g e d  
b l o o d  contains m i c r o t h r o m b i  ( a s  w e l l  as o t h e r  
m i c r o e m b o l i )  and s h o u l d  be giveti t h r o u g h  a f i l t e r .  
I d e a l l y  a 40 pln f i l t e r  s h o u l d  be u s e d .  

The r i s k  of sepsis r e s u l t i n g  from an a u t o t r a n s f u s i o n  
o f  s a l v a g e d  b l o o d  is p o t e n t i a l l y  g r e a t e r  t h a n  t h a t  
f r o m  a r e g i t l a r  t r a n s f u s i o n .  M i c r o b i a l  c o n t a m i n a t i o n  
of s a l v a g e d  b l o o d  m a y  o c c u r  a s  o p e n  c o l l e c t i o n  
s y s t e m s  are u s e d  and s t e r i l i t y  m a y  be b r o k e n  in t h e  
r u s h  of e m e r g e n c y  p a t i e n t  care. I n t e s t i n a l  r u p t u r e  
m a y  r e s u l t  in c o n t a ~ n i n a t i o n  of i n t m - a b d o m i n a l  
b l o o d .  A u t o t r a n s f u s e d  p a t i e n t s  are f r e q u e n t l y  
i m m u n o c o m p r o m i s e d  b e c a u s e  of s h o c k  or u n d e r -  
l y i n g  d i s o r d e r s .  For t h e s e  reasons e t n p i r i c a l  t h e r a p y  
w i t h  broad-spectrumantibiotics ( s e e c h a p t e r  8 ) s l i o u l d  
be considered. 

D i s s e m i n a t i o n  of n e o p l a s i a  i s  a t h e o r e t i c a l  con- 
cern w i t h  s a l v a g e  a f t e r  r u p t u r e  of a haemangiosar- 
coma. D i s s e n i i n a t i o u  o f  n e o p l a s i a  does n o t  s e e m  to 
be a major concern w i t h  s c a v e n g i n g  i n  h u m a n  m e d i -  
c i n e ,  h u t  l l a e m a n g i o s a r c o m a  is an u n c o r n m o n  t u -  
t n o u r .  N o t  a l l  c e l l s s l i e d f r o m  a t u l n o u r h a v e l n e t a s t a t i c  
p o t e n t i a l ,  and t h e  l i k e l i h o o d  is t h a t  a r u p t u r e d  l i a e m -  
angiosarco~na has a l r e a d y  m e t a s t a s i z e d ,  so 
a u t o t r a n s f i ~ s i o n  s h o u l d  be considered if no o t h e r  
t r a n s f u s i o n  i s  a v a i l a b l e .  Perhaps a more i m p o r t a n t  
c o n c e r n  w i t h  s a l v a g e  of b l o o d  s h e d  f r o m  a h a e m -  
a n g i o s a r c o m a  is t h a t  t h e  b l o o d  m a y  h a v e  beell p o o l -  
ing i n  b o d y  c a v i t i e s  for more than 6 h o u r s .  H o w e v e r ,  
t h e  s e r o s a l  surfaces w o u l d  n o t  be t r a u m a t i z e d ,  and 
a u t o t r a n s f u s i o n  s h o u l d  be p e r f o r m e d  if t h e  dog re- 
q u i r e s  t r a n s f u s i o n  and no o t h e r  b l o o d  i s  a v a i l a b l e .  
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CHAPTER SIXTEEN 

Blood Groups in Cats 

Andrew Sparkes and Ern Gruffydd-Jones 

INTRODUCTION 

Blood groups are established by identifying major 
antigenic differences between erythrocytes from dif- 
ferent individuals. In cats, a well established A-B 
blood group system based on naturally occurring 
alloantibodies has been described that has important 
clinical implications. Recent work suggests that the 
antigenic differences between erythrocytes in cats 
forming this grouping system relates to the form of 
neuraminic acid present on the glycolipids of the 
erythrocyte cell membrane (Andrews et al., 1992). 

THE A-B BLOOD GROUP SYSTEM IN 
CATS 

The A-B blood group system in the cat seems to be 
inherited in a simple dominant form via two alleles at the 
same gene locus. Theallelefor group Aisdominantover 
that for group B, and thus cats expressing the group A 
phenotype have a homozygous (A/A) or heterozygous 
(Ap)  genotype, whereas cats expressing the group B 
phenotype are invariably homozygous for the B allele 
(BIB). In addition to the A and B phenotype, a small 
proportion of cats (generally less than 1 %) have been 
identified that express both A and B antigens on the 
erythrocyte membrane (i.e. are of AB phenotype), al- 
though a recent study from the UnitedKingdom identi- 
fied ahigherproportionofAB cats (5 %) inthepopulation 
studied (Knottenbelt et al., 1999). These AB cats are 
assumed to have an genotype but with a third allele 
that prevents the normal A dominance being expressed, 
the genes therefore acting as a co-dominant pair. 

CLINICAL SIGNIFICANCE OF BLOOD 
GROUPS IN CATS 

The clinical significance of blood groups in cats relates 
mainly to the high levels of naturally occurring 
alloantibodies found in many cats against the hetero- 
logous blood group (a situation that does not occur in 
dogs). Most cats of blood group B (more than 95%) 
contain moderate to high titres of both baemagglutinat- 
ing (mainly IgM) and haemolytic (IgM and IgG) 
alloantibodies against group A antigens, whereas a 

much smaller proportion (about 25%) of group A cats 
have corresponding alloantibodies against the B group 
antigen, and when they are found these are of very low 
titre. Therare ABgroupcatscontainneitheralloantibody. 
These alloantibodies are of particular significance in 
two situations, firstly, blood transfusions where there 
are implications for immediate transfusion reactions 
and also for the survival of transfused erythrocytes and, 
secondly, the phenomenon of neonatal isoerythrolysis. 

Major transfusion reactions 
The high levels of anti-A alloantibodies in most group 
B cats means that these individuals carry a high riskof 
a major transfusion reaction if they receive blood from 
a group A donor. Fortunately this is not common, as 
there is a low prevalence of group B cats in the general 
population. Nevertheless, certain breeds have a much 
higher prevalence of group B cats (Figure 16.1) and 
consequently the riskof major reactions in these breeds 
is much higher. 

edigree breed 
(%) (%) I * I 91 

Devon Rex 

FInmali 78 22 

Scottish Fold 

Abyssinian 

I Oriental Shorthair . i! 
I American Shorthair 

Burmese 
Norwegian Forest 100 

80 

Siamese 

Figure 16.1: F~eqequency of typesA and B bloodgroups in 
pedigree catsfrom the United States. (Giger et al., 1991a; 
Biicheler and Cotter, 1993) 

20 
20 Himalayan 

100 

80 

0 
0 Tonldnese 100 
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If a group B cat receives type A blood, the donated 
erythrocytes are destroyed within minutes to hours 
depending on the antibody titre, and clinical signs of 
transfusion reaction may develop. The initial clinical 
signs of a severe reaction (seen within seconds of 
receiving even 1-2 ml of type A blood) are typical of 
acute anaphylaxis, with restlessness, vocalization, 
urination, vomiting, salivation, collapse, mydriasis, 
apnoea/hypopnoea, bradycardia (sometimes with 
atrioventricular block), dysrrhythrnia, and profound 
hypotension. Thesesigns typically last for 1-5 minutes 
and are followed by tachycardia, dysrrhythmia, hyper- 
tension and tachypnoea, with gradual retumto normal- 
ity in about an hour. In addition, haemoglobinaemia 
andhaemoglobinuria occur owing to acute intravascu- 
lar haemolysis. Although such transfusion reactions 
are potentially fatal, the severity of thereaction will be 
related to the titre of anti-A alloantibodies, and some 
cats will therefore experience less severe subacute 
reactions. 

Major transfusion reactions have not been reported 
in group A cats receiving type B blood, but the short 
half-life of the transfused erythrocytes in this situation 
is an important concern. 

Survival of transfused erythrocytes 
The half-life of transfused erythrocytes in cats given 

group A phenotype kittens within the first 2 to 3 days 
after birth. Although relatively few cases of neonatal 
isoerythrolysis have been reported, the true incidence 
is difficult to define as many affected kittens may die 
without a specific diagnosis being made (death being 
attributed to the 'fading kitten syndrome'). Affected 
cats typically show haemoglobinuria, bilimbinuria 
and jaundice and should be separated from the queen 
and artificially reared or fostered until they are 48-72 
hours old. 

PREVALENCE OF BLOOD GROUPS IN 
CATS 

Relatively little information is available on the preva- 
lence of the different blood groups in cat populations, 
but what there is suggests there may be noticeable 
geographical variations and certainly profound differ- 
ences between pedigree breeds. 

As the allele for group A is dominant, there should 
be a low prevalence of type B cats among large 
relatively free-breeding cat populations. Meed, in 
most countries where studies have been made of do- 
mestic (both shorthair and longhair) cats, the preva- 
lence of group A cats is between 94% and 100% 
(Figure 16.2). . 

autogenous blood is typically 30-38 days. A similar 
half-life is also seen in group A and B cats given 
matched allogeneic transfusions, indicating the effec- 
tivenessof these transfusionsinclicalpractice. Eryth- 
rocytes from mismatched transfusions have a much 
shorter half-life. Depending on the anti-A titre, as 
already noted type A erythrocytes transfused to a 
group B cat might have an extremely short half-life 
(minutes to hours), whereas type B erythrocytes trans- 
fused to a group A cat typically have a half-life of 2 
days (Giger, 1992). The survival ofthe transfused cells 
is animportantreason why matchedtransfusionsshould 
be given, in addition to the need to avoid major 
transfusion reactions. 

Neonatal isoerythrolysis Switzerland >99 
Neonatal isoerythrolysis is an immune-mediated United States 1 >99 
bsemolfic disease of ncOnatcs that can a 16.2: Frequency of fype A blaodgmup in d o m s i ~ ~  I 
kitten of blood group A (or AB) is born to a queen of cao ~n various counmes. (Gzger et at., 1989; Lubas and 
blood group B. The potential for this to occur is present Continanza, 1995; Knonenbelt et al., 19991. 
in any mating of a group A tom to a group B and 
the chances of such a mating occurring are much 
higher in the breeds with a higher prevalence of group 
B cats (Figure 16.1). 

The group B queen secretes anti-A alloantibodies 
in her colostrum and milk and, after sucking, the IgG 
antibodies can be absorbed from the intestine of the 
neonate during the first 24 hours of life. Depending 
therefore on the antibody titre in the blood and colos- 
tmm of the queen and the amount absorbed by the 
kitten, haemolytic anaemia and death can occur in 

At present the only substantial published informa- 
tion on the prevalence of blood groups in different 
pedigree breeds comes from the United States (Giger 
et al., 1991a), with some additional data from Italy 
(Lubas and Continanza, 1995) and the United King- 
dom (Knottenhelt et al., 1999). As the production of 
pedigree breeds involves selective breeding (some- 
times from a limited starting gene pool) it is not 
surprising to find that many breeds have a much higher 
proportion of group B cats than the domestic (non- 
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pedigree) cat population. It is, however, unwise to 
assume that the distribution of blood groups in cats 
from the United States will be similar in all countries. 
For example, in Italy (Lubas and Continanza, 1995) 
tlie prevalence of group A cats among Siatnese was 
found to be 96% and among Pelsians was 97%, corn- 
pared with 100% and 76% respectively in the United 
States. Even within countries, regional variations are 
likely to exist in tlie prevalenceof blood groups in both 
pedigree and non-pedigree cats (Giger et al., 1991b). 

The general picture for tlie distribution of blood 
groups in pedigree breeds in the United Kingdom 
seems to be similar to that described in the United 
States. Most breeds identified as having a high preva- 
lence of type B cats in the United States also have a 
high prevalence in the United Kingdom (e.g. Devon 
Rex, British Shorthairs). The major difference is that 
groupB cats are rareinUK Abyssinians (TJ Gruffydd- 
Jones, unpublished observations). In the study of UK 
cats by Knottenbelt et al. (1999), information was 
available from 121 British Shorthairs (59% were type 
B), 24 Birmans (29% were type B) and 17 Persians 
(12% were type B). Other breeds were tested but the 
numbers were slnall (<lo). 

BLOOD TYPING 

Although naturally occurril~g blood transfusiol~ reac- 
tions are uncornmon in cats, it is clear certain breeds 
run a much higher riskof a major reaction. Knowledge 
of the overall prevalence of group B cats within a breed 
helps to quantify the risks involved but may be inaccu- 
rate owing to geographical and local regional varia- 
tions. Blood typing before transfusion is therefore 
routinely recomtnended as the safest approach. In 
addition, blood typing of pedigree cats with a known 

high prevalence of B group in the breed may facilitate 
planned breeding programmes to avoid the possibility 
of neonatal isoerythrolysis (i.e. avoid mating a type B 
queen to a type A tom). 

The recent introduction of a simple rapid card- 
agglutination test for typing cat blood makes these 
procedures much simpler, and is available to all prac- 
titioners (Rapid Vet-H Feline, DMS Laboratories). It 
shoold be noted, however, that major and minor 
crosslllatcbing of blood may still have to be performed 
in cats receiving more than one transfusion, as the first 
transfusion (even with matched blood)  nay induce 
productionof antibodiesagainstredcell antigensother 
than those involved in the A-B blood group system 
(Giger, 1992; Lubas and Continanza, 1995). 
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APPENDIX ONE 

Reference Values for Haematology 
and Haemostasis 

The reference values in the following table have been It should always be remembered that any table of 
taken from the BSAVA Small Animal Formulaly, P reference values of this kind is for guidance only. 
edition (1997; edited by Bryn Tennant). These values Whenever asample is sent to a laboratoly for analysis, 
reflect those commonly used by small animal veteri- the laboratory should be asked to provide a reference 
nary surgeons. The ranges given in individual chapters value for the specific laboratory, the specific test and 
may vary because of the geographical spread of the the specific patient type so that interpretation of the 
authors. results can be done fairly. 

~ H ~ E M A T O L ~ G Y  
.*Value Dog Cat 
p c v  (111) 0.35-0.55 0.26-0.46 
Hb (dl) 120-180 80-150 
RBC (x 10l2/1) 5.4-8 5-11 
MCV (fl) 65-75 37-49 
MCH (pg) 22-25 12-17 
MCHC (dl) 340-370 320-350 
Reticulocytes (%) 0- 1 0- 1 
Reticulocytes (x 109/1) 20-80 20-60 
RBC life (days) 100-120 66-78 
ESR (mm/h) 0-2 0-10 
M:E ratio 0.75-2.5:l 0.6-3.9:l 
Platelets (x 109/1) 150-400 150-400 u 

WBC (x lo9/l) 6-18 5.5-19.5 
Neutrophils: bands - 0-0.3 0-0.3 
Neutrophils: mature 3-12 2.5-12.5 
Lymphocytes 0.8-3.8 1.5-7 
In young dogs up to 6 months old lymphocyte number 
may be increased by as much as 50%. 
Monocytes 0.1-1.8 0-0.85 
Eosinophils 0.1-1.9 0.1-1.5 
Basophils 0-0.2 0-0.2 

MCV (fl) = (PCV x 1000) + RBC. 
MCHC (g/l) = (Hb concentration) 7 PCV 

@AEMOSTASIS 
+Value Dog Cat 
One stage prothrombin time (OSPT) (seconds) 7-12 7-12 
Activated partial thromboplastin time (AFTT) (seconds) 
Bleeding time (ear) (min) 
Whole blood coagulation time 

Glass (min) 
Silicone (min) 
Capillary tube (min) 

Activated coagulation time (seconds) 
Fibrinogen (g/l) 
Fibrin degradation products (pdml) 

12-15 
1-2 

6-7.5 
2-15 
3-4 
60-129 
2-4.5 
<I0 

12-22 
1-5 

8 

5-5.4 

1-4 
< 10 
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APPENDIX TWO 

List of Abbreviations 

ACD 
ACT 
ADP 
AIHA 
AITP 
ALL 
AML 
AMoL 
ANA 
APTT 
ARC 
ARDS 
ARF 
ATIII 
ATP 
AZT 

BFU-E 
BMBT 
BUN 

C3 
CAMP 
CBC 
CFU-Bas 
CFU-E 
CFU-Eos 
CFU-G 
CFU-GM 

CFU-M 
CLAD 
CLL 
CML 
CNS 
CPD 
CPDA 
CRI 
CRD 
CRF 
CSF 

DAT 
DDAVP 
DEA 

acid citrate dextrose 
activated clotting time 
adenosine diphosphate 
autoiminune haemolytic aiiaemia 
autoiinniune tliroinbocytopenia 
acute lymplioblastic leukaemia 
acute tnyeloid leukae~nia 
acute inonocytic leukae~nia 
antinuclear antibody 
activated partial tliroinboplastin time 
AIDS-related complex 
acute respiratory distress syndrome 
acute renal failure 
antithrombin 111 
adellosine tripliospliate 
zidovudine 

burst-forming unit - erythroid 
buccal inucosal bleeding time 
blood urea nitrogen 

third component of complement 
cyclic adenosine monophosphate 
complete blood count 
colony-for~ning unit - basopliil 
colony-forming unit - erytliroid 
colony-forming unit - eosinophil 
colony-forming uuit - granulocyte 
colony-forming unit - grauulocyte- 

niacropliage 
colony-forming uuit - macrophage 
canine leucocyte adhesion deficiency 
chronic lymphocytic leukaeinia 
chroi~ic inyeloid leukaeinia 
central iiervous systein 
citrate phosphate dextrose 
citrate phosphate dextrose adenine, 
coustaiit rate infusion 
chronic renal disease 
chronic renal failure 
colony stimulating factor 

direct aiitiglobulin test 
1-deamino-8-D-arginiile vasopressin 
Dog Erythrocyte Alltigel1 

DIC 

2,3-DPG 
DSH 

ECF-A 

EDTA 
ELISA 
EPO 

FAD 
Fc 

FDPs 
FeLV 
FeSFV 
FeSV 
FIA 
FIP 
FIV 
FVII1:Ag 

G-CSF 
GM-CSF 

HES 
HIV 
HUS 

IFN-y 
Ig 
IL 
IL-2R 
IMHA 

IMT 
ITP 
IVIG 

LGL 
LPD 

disseminated i~itravascular 
coagulation 

2,3-diphosphoglycerate 
domestic shorthaired (cat) 

eosinophil chemotactic factor of 
anaphylaxis 

ethylenediainine tetra-acetic acid 
enzyme-linked immunosorbe~~t assay 
erythropoietin 

flea allergy dermatitis 
immunoglobulin heavy chain 

(fragment c~ystallizable) 
fibrinogen degradatio~i products 
feline i~ninunodeficiency virus 
feline syncytiun-forming virus 
feline sarcoma virus 
feline infectious a~iaeinia 
feline i~ifectious peritonitis 
feline iminunodeficiency virus 
factor VIII antigen 

gra~iulocyte colo~iy stimulating factor 
granulocyte-inacropl~age coloiiy 

stimulating factor 
glycoprotein 

liypereosinopliilic syndrome 
burnan immunodeficiency virus 
haemolytic uraemic syndrome 

interferon gamma 
iminunoglobulin (IgG, IgM, IgA) 
interleukin (e.g. IL-1 to IL-18) 
interleukin 2 receptor 
immune-mediated haemolytic 

anaemia 
immune-mediated thrombocytopenia 
idiopathic thrombocytopenic purpura 
intravenous iinmunoglobulin 

(therapy) 

large granular lymphocyte 
lymphoproliferative disease 

www.vet4arab.co.cc



312 Manual of Canine and Feline Haematology and Transfusion Medicine 

MCHC 

M-CSF 
MCV 
M/E 
MGDF 

MODS 
MPD 
MPS 
MPV 

NBT 
NK 

mean corpuscular haemoglobin 
co~lce~ltratiotl 

macrophage colo~iy sti~nulating factor 
mean corpuscular volume 
~nyeloikerytliroid 
~negakarocyte growth aiid 

development factor 
multiple orgall dysfunction syndrome 
~nyeloproliferative disease 
tnononuclear phagocytic systeln 
meal1 platelet volutne 

~iitroblue tetrazolium (test) 
natural killer (cell) 

OSPT one-stage prothrombin time 
OVC Ontario Veterinary College 

rHuEPO reco~nbina~it human erytliropoietin 
rHuG-CSF recombinant liuman granulocyte 

colony stimulating factor 
rHuGM-CSF recornbinant h~iman granulocyte- 

macrophage colony stimulating 
factor 

RVVT Russell's viper venoln test 

SCID severe combined irntnunodeficiency 
SID strong ion &fference 
SIRS systemic iliflani~natory respollse 

sy~idro~ne 
SLE systemic lupus erytliernatosus 

T4 thyroxine 
TCT thrombin clot time 
TF tissue factor . . -- 

TFPI tissue factor pathway inhibitor 
PAI- 1 plasminogen-activator inhibitor 1 TIBC total iron binding capacity 
PCR polymerase chain reaction TNF tulliour necrosis factor 
PCV packed cell volume tPA tissue-type plasminogen activator 
PF3 platelet factor 3 (test) TPI tissue plasmin inhibitor 
PFK ul~os~liofructokinase - .  
PGL persistent ge~malized 

uPA urokinase-type plasminogen activator lymphadenopathy 
PIE pulmonary infiltrates with eosinophils 
PIVKA proteins induced by vitamill K VPIS Veterinary Poisons Inforlnatioli 

absence Service 
PRCA pure red cell aplasia v WD von Willebrand's disease 

PT prothrolnbili time vWf voll Willebrand factor 

PTH parathyroid lionnone vWf:Ag von Willebrand factor alltigel1 

RBC red blood cell WBC white blood cell (count) 
RDW red cell distribution width WBCT wllole blood clotting tirne 
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Index 

Abyssinian cats 
blood groups, 305 
pyrwate kinase deficiency, 36 

Acanthocytes, 9 ,31 
Acid citrate dextrose, 276 
Acidosis, 298 
Activated clotting timc, 177 
Activated partial thromboplastin time, 178 
Acute leukaemia, 148-51 

clinical features, 148 
diagnosis, 148-9 
epidemiology, 148 
management, 150 
prognosis, 150-1 

Acute pl~ase proteins, 56 
Acute respiratory distress syndrome, 87, 90 
Adhesion of platelets, 201-2 
Aeirr~-osn-o!rgyl~~s al~sfrirs~rs, 132 
Agglutination, 69,71, 269, 271,272 

grading of, 270 
Aggregation of platelets, 183, 202,203 
Airedale Terriers, von Willebrand's disease, 231 
Alaskan Malalnutes 

coagulopathies, 21 1 
llereditarv stomatocytosis, 36 

~lbumin-ricil products,i88 
Aleukaemic leukaemia, 139 
American Cocker Spaniels 

coagulopathies, 2 11 
storage pool deficiency, 205,206 

American Foxhounds, Pelger-Huet anomaly in, 109 
American Shortl~air cats, blood groups in, 305 
Anaemia, 29-41 

bone marrow sampling, 39 
causes, 41 
characterization of, 30-1 
of chronic renal disease, 59-65 

clinical evaluation, 60-1 
pathophysiology, 59-60 
treatment, 61-5 

classification of, 32-9 
definition of, 30 
erythron disorders withoot, 31-2 
in FIV infection, 160-1 
in FeLV infection, 157 
l~aelnatoooietic neoolasia. 39-41 

Ar~giosnwigylrrs vasorrorl, 132 
Anisocytosis, 8 
Antibiotics, 82-3 

in leukaemia, 146 
in neutropenia, 119, 121-6 

Antibody-mediated haemolysis, 80 

- 
clinical signs, 246-7 
diagnosis, 247-9 
prognosis, 250-1 
treatment, 249-50 

Anticoagulala rodenticides, 243-5 1 
inhibition of vitatnil~ K-enzyme complex, 244-5 
role of vitamin K i n  haemosrasis, 243-4 

Anticoagulants, 3-4 
Anticoazulation svstem. 253-5 - , . 
Antimicrobial therapy see Antibiotics 
Anti- latel let antibodies. 190.222 
~ntitiirombin 111, 170, i79 
Aolastic anaemia. 25 

AS-5,276 
L-Asparaginase, 150 
Australia, frequency of type A blood group in cats, 306 
Austria, frequency of type A blood group in cats, 306 
Automated blood count, 5-6 
Autotraositaion, 301-2 

preoperative donation and haemodilution, 301 
salvage (scavenging), 301-2 

Azathioprine, in immune-mediated thrombocytopenia, 224-5 

Babcsirr, 266 
Babcsia canis, 10, 37, 85, 185, 192,223 
Babesin canis carlis, 85 
Babesiu cartis I-oss1 85 
Babesia cnrtis vogcli, 85 
Bol~esia g ibso~~i ,  85 
Band cells, 88 
Barroi~elln ciarridgeiae, 266 
Bnrror~ella herlselae, 266 
Basenjis 

in~munoproliferative small intestinal discasc, 109 
Pelqer-Huet anomaly. 11 1 

haemolytic anaemia 
iron deficiency see Iron deficiency anaemia 
red cell production, 29-30 

Anaemic stress, 83 
Anaphylactoid reaction, 296 
Angioedema, 295 

~asophi l ic  leukaemia, 152-3 
Basophilic stippling, 10 
Basophils, 12-13, 14,98 
Basset Hounds 

thrombopathia, 205-6 
X-linked combined immunodeficiency in, 11 1 
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Beagles 
coagolopatliies, 211 
non-spherocytic llaelnolytic anaemia, 36 
pyruvate kinase deficiency, 36 

Bilirubinuria, 36 
Biopsy, 20-1 
Biopsy needles, 20 
Bir~nan cats, blood groups in, 305 
Blast cells, 188 
Blastic crisis, 41 
Blood antigens, 266-7 
Blood derivatives, 292 
Blood donors, 263-6 

cats, 265-6 
dogs, 264-5 
source, 263-4 

animal colltrol facilities, 264 
clinic-owned, 263-4 
commercial blood donor, 264 
donor programme, 264 
terminal donors, 264 

Blood films, 6-7 
Blood groups, 266-7 

in cats, 267, 305-7 
in dogs, 266-7 

Blood loss, 61-2 
Blood products, 283-92 

blood derivatives and blood substitotes, 292 
leucocyte, 291 
plasma, 286-90 
platelet, 290-1 
red blood cell, 284-6 
serum, 291-2 

Blood sampling, 3-4 
Blood substitutes, 292 
Blood transfusion, 62,263-303 

adverse reactions, 294-301 
anticoagulant-preservative solutions, 275-7 
autotransfusion, 301-2 
blood donation, 277-82 
blood donors, 263-6 
blood groups, 266-7 
blood product preparation and storage, 283-92 
canine babesiosis, 89-91 
cl~ronic renal disease, 62 
compatibility testing, 267-8 
crossmatchine. 268-75 -. 
H. felis, 83 
immune-mediated llaemolvtic anaemia. 74-5 
in leukaemia, 147 
wllole blood and blood comoonents. 292-4 

Blood typing 
in cats, 268, 307 
in dogs, 267-8 

Bone marrow, 19-27.142 
acute leukaemia, 149 
aspirate, 20 

polycythaemia, 47 
smear preparation, 21-2 

chronic leukaemia, 151 
core biopsy, 20,22-3 
cytology 

in inlmune-mediated Iiaemolytic anaemia, 73 
in polycythaemia, 47 

dysfunction, anaemias of, 32-4 
examination, 19 
iron concentrations in, 56 
leukaemia, 146 
production, 29 

sample collection, 20-1 
in anaemia, 39 
biopsy needles, 20 
biopsy techniques, 20-1 
core biopsy, 22-3 
smear preparation, 21-2 

sample interpretation, 23-7 
erythremic myelosis and polycythaemia, 25-6 
high magnification, 23-5 
low magnification, 23 - 
neoplaslns of llaelnatopoietic cells, 25 
non-hae~natopoietic neoplasms, 26-7 

Bone rnarrow evaluation 
immune-medialed thrombocytopenia, 221-2 
thrombocytopenia, 189-90 

Bone marrow transplantation. 112 
Border Collies. vitamin B., malabsomtion in. 37 
Breed-related t~lrornboc~tb;~enia, 1 9 i  
British Shorthair cats. blood erouos in. 305 " .  
Brodifacoum, 245 
Bromadiolone. 245 
Uucc:ll in~l;chill hlr.cdilii: tinie, 173--1,203, 233 
nul l  'Icrritrs, lc111a1 : ~ ; ~ ( ~ ~ I v ~ I I ~ ~ I I I I I c  oi, I I I 
Burliiese cats, blood groups in, 305 
Burr cells see Ecliinocvtes 
Burst-fonning units, 25 
Busulphan, 152 

Cairn Teniers, pyruvate kinase deficiency in, 36 
Calcium, ionized, 167 
Cm~rlirln nlbicnf~s, pliagocytosis, 107 
Canine babesiosis, 85-91 

clinical manifestations, 86-8 
clinical pathology, 88 
diagnosis, 89 
epidemiology, 85 
life cycle, 85 
pathogenesis, 85-6 
prevention, 91 
thempy, 89-91 

Canine blood donors, 264-5 
clinical evaluation, 264-5 
drug therapy, 265 
previous transfusions, 265 
temperament, 264 

Canine cyclic haematopoiesis, 11 1 
Cats 

blood donation, 281-2 
aftercare, 282 
collection system, 281-2 
sedation and anaesthesia, 282 
venepuncture and blood collection, 282 
volume and frequency, 281 

blood groups, 305-7 
A-B system, 305 
blood typing, 307 
clinical significance of, 305-6 
prevalence of, 306-7 

blood typing, 268 
coaeulopathies, 21 1 
cro&ma~ching,275 
tluombocvtopenia. 184, 190-1, 192 
see also ~ e l i ~ i e  

Cavalier King Cllarles Spaniels, thrombocytopenia in, 5, 184, 
193.224 

CD4' ~ ' l ~ m ~ h o c ~ t e  balance, 108-9 
Cerebral babesiosis, 86,90 
Chediak-Higashi syndrome, 11 I, 205 
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Chemotherapy, 147-8 
Chesapeake Bay Retrievers, von Willebrand's disease in, 231 
Clllorambucil, 152 
Chlorphacinone, 245 
Christmas disease, 21 1-12 
Chronic leukaemia, 151-2 
Circulatory overload, 297 
Citrate intoxication, 297 
Citrate ~ h o s ~ h a t e  dextrose, 276 

Clot retraction, 17516,203 
Clotting factors 

antibodies to, 214-15 
circulating inhibitors of, 214 

Coagulation 
mechanism of, 253 
it] thrombocytopenia, 190 

Coagulatioll factors, 288 
Coagulation inhibitors, 170 
Coagulation system, activation of, 255 
Coagolopathies, 86, 87.90 

clinical findings, 209-10 
inherited, 21 1- 13 
management of, 210-1 1 
transfusion-related, 297-8 

Coccidiosis, 132 
Cocker Spaniels, itnm~me-mediated tllrombocytopenia in, 

219 --. 
Codocytes, 8-9 
Colony-forming units, 29, 93 
Commercial blood donors, 264 
Conlplete blood count, 19 

immune-mediated thrombocytopenia, 221 
thrombocytopenia, 189 

Contact activatio~l factors, 167 
Copper deficiency, 35 
Corgis, X-linked co~nbined immunodeficiency in, 11 1 
Corticosteroids, 83 
Coulter counter, 6 
Coumafuryl, 245 
Coumatetralyl, 245 
Cre~loso~rm vrripis, 132 
Crossmatcldng, 268-75 

in cats, 275 
in dogs, 274-5 
procedures, 268-74 
rapid slide method, 269 
tube method, 270 

Cryoprecipitate, 239,289-90 
Cryosupematant, 290 
Cr),prococc~rs f?cofori~rai~s, 44 
Cutaneous purpura, 187 
Cyclic haematopoiesis. 205 
Cyclophosphamide, 150, 152 

in immune-mediated thro~nbocytopenia, 224-5 
Cyclosporin, 76 

in immune-mediated thrombocytopenia, 224-5 
Cytokines, 112 

therapy, 127-8 
Cytopenias, 16 
Cytosine arabinoside, 150 

Dachsliunds, immune-mediated thrombocytopenia in, 183 
Dacrvocvtes, 31.35 
~ana.zol: 76 ' ' 

in immune-mediated thrombocytopenia, 224-5 

Dcrfr~acefrror rrriculat~rs, 85 
Desmopressin, in von Willebrand's disease, 234-5 
Devon Rex cats 

blood groups, 305 
coagulopathies, 21 1, 213 

Dexamethasone, 83 
Diagnostic techniques, 3-17 
Dicoumarin, 245 
Difenacoum, 245 
Diff-Quik stain, 7 
Difloxacin, 121 
Diminazene, 89 
Diphacinone, 245 
Dirofilaria i~rlrniris, 191, 192, 223, 266 
Disseminated intravascular coagulation, 186, 192,206-7, 

214,223,253-60 
aetiology, 255 
clinical signs, 255-6 
definition, 253 
diagnosis, 256-8 
patl~ophysiology, 253-5 
treatment, 258-9 

Dobernlann Pinscllers 
neutrophil defects, 11 1 
votl Willebrand's disease, 230, 231, 233 

Doehle bodies, 96 
Dogs 

blood donation, 277-81 
aftercare, 280-1 
collection system, 277-8 
venepuncture and blood collection, 278-80 
volume and frequency, 277 

blood typing, 267-8 
crossmatching, 274-5 
thrombocytopenia, 191, 192 
see also Canine 

Doxorubicin, 150 
Drug-induced leucocyte disorders, 108 
Drug-induced tlrrotnbopathias, 206 
Dutch Kooikers, von Willebrand's disease in, 231 

Eccentrocytes, 9 
Ecchymoses, 187 
Echinocvtes. 9.31 

~ l l i ~ t o c ~ ~ o s i s ;  hereditary,36 
England, frequency of type A blood group in cats, 306 
English Spaniels, polysystemic disorder in, 36 
Eosinopenia, 98 
Eosinophilia, 97-8, 131-8 

llypersensitivity and it~flammation, 133-4 
investigation of, 133-4 
parasitism, 132-3 

Eosinophilic Ieukaemia, 152-3 
Eosinophils, 12, 14,53, 88,97-8 

function, 97 
production, 97 

Epistaxis, 187,230 
Erythremic myelosis, 25-6 
Ervthrocvte inclusions. 9-10 - 
I'rytlbrocyt2 [lrolop~rpll) r i l l ,  36 
Ervtl~rrlcvlti see Red blosrl ccll, 
~ j t h r o i d  leukaemia, 153 
Erythrophagia, 80-1 
Erythropoiesis, 43 Demodicosis, 109 
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Erytl~ropoietin, 43, 141 
deficiency, 59-60 
recombinant human, 62-5 

benefits, 62 
contraindications, 62 
indications, 62 
injection, 62 
preparations of, 62 
resistance to treatment, 65 
safety and side effects, 64-5 

serulli concentrations, 46-7 

Factor V. 168 
Factor VII deficiency, 212 
Factor VIII. 168. 237 

in llaeioplliiia A carriers, 240 
inhibitors, 214 

Factor X deficiency, 212 
Factor XI, 168 

deficiency, 212 
inhibitor. 215 

Factor XI1 deficiency, 213 
Factor XIII, 168 
Feline blood donors, 265-6 

clinical evaluation, 265-6 
Feline im~nui~odeficiency virus, 159-62, 189 

control of, 162 
diagnosis, 161 -2 
diseases associated with, 160 
epidemiology, 159-60 
haematological changes, 160-1 
oathozenesis. 160 
ireatment, IGZ 

Feline infectious ~eritonitis. 189 
Feline leukaemia'virus, 155-9, 189 

control of, 159 
diagnosis, 158 
diseases associated with, 156 
epidemiology, 155 
haematological changes, 156-7 
patl~ogenesis, 155-6 
treatment, 158-9 

Ferritin, serum concentrations, 56 
Fibrin degradation products, 179 
Fibrinogen, 168, 179 

deficiency, 212-13 
Fibrinolysis, 170-1,255 

tests of, 178-80 
Fibrin split products, 179 
Filnroirles hirrl~i, 132 
Finland, frequency of type A blood group in cats, 306 
Fleas 

and eosinophilia, 132 
and spread of Hnei,riobnrtoirclla felis, 80 

Fluid therapy, in leukaemia, 146-7 
France, frequency of type A blood group in cats, 306 

Gammaglobulin, intravenous human, 75-6 
Gastrointestinal haemorrhage, 60 

treatment, 61-2 
Gene tl~erapy, 239 
Germall Sl~epherd Dogs 

aspergillosis, 109 
blood antigens, 266 
eosinophil counts, 16 

German Shorthair Pointers, von Willebrand's disease in, 231 
German Wirehair Pointers, von Willebrand's disease in, 231 

Gerinany, frequency of type A blood group in cats, 306 
Giant Scl~nauzen, vitamin B,, malnbsorption in, 37 
Giardiasis, 132 
Gingival haemorrllage, 238 
Glanzmann's tl~rombasthenia. 205 
Glass bead retention test, 203 
Glucocorticoids, in immune-mediated thrombocytopenia, 224 
Golden Retrievers, blood antigens in, 266 
Granulocyte colony-stimulating factor, 141 
Granulocyte-macrophage colony-stimulating factor, 141 
Granulocytes, 93-9 

transfi~sions of, 126-7 
Granulocytopathy of Iris11 Setters, 110-1 1 
Granulopoiesis, 93  
Grey Collies, cyclic haematopoiesis in, 205 
Grey Collie syndrome, 11 1 
Greyhounds 

blood antigens, 266 
thron~bocytopenia, 184, 193,224 

Haemarthroses, 187 
Haematemesis, 187, 188 
Haematochezia, 187 
Hae~natocrit see Packed cell volume 
Haematology 

acute leukaemia, 148 
chronic leukaemia, 151 
H. felis, 82 
iron deficiency anaemia, 55 
Icokaemia, 145 

Haematopoiesis. 29 
Haeinatopoietic cells, neoplasms of, 25 
Haelnatopoietic system, 139.42 
Haematuria, 187 
Hne,r~~obn,nrto,relln cn~ris, 37 
Hoe~nobnrtof~ellci felis, 10,37, 67, 79-84, 192,266 

cl~aracteristics, 79 
clinical signs, 81 
diagnosis, 81-2 
epidemiology, 79-80 
pathogenesis, 80-1 
prognosis, 83 
treatment, 82-3 

Haemoconcentratio~~, 87-8,90 
Haenloglobin, 5 

measurement of, 5 
synthesis, defects in, 35 

Haelnoglobin concentration, 14 
Haemogmm, 19 
Haemolysis 

antibody-mediated, 80 
non-agglutinating, 69 
in vitro, 298 

Haemolytic uraemic syndrome, 193, 223 
Haemoperitoneurn. 187 
Haemopl~agocytic syndrome, 27 
Haemopl~ilia A, 21 1,237-41 

carrier detection, 239-40 
clinical signs, 238-9 
function of factor VIII, 237 
  re valence and inheritance. 237-8 
ireatment, 239 

Haeinoohilia B. 21 1-12 
Hncr,r~o/~li~~salis lenclri, 85 
Hae~norrhage 

gastrointestinal, 60 
treatment, 61-2 

Haemosiderosis, 299 
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Haelnostasis, 165-71 
coagulation inhibitors, 170 
diagnostic techniques, 173-81 
fibrinolysis, 170-1 
primary, 165-7 

tests of, 173-7 
secondary see Secondary lhaetnostasis 
submission of samples to laboratory, 173 

Haemothorax, 187,246 
Heinz bodies, 10, 31 
Heparin, 214,276 
Heparinization, 297 
Hepatic disease, 214 

platelet disorders in, 207 
Hepatopathy, 87,90 
Hel~nrozoo~~ spp., 14 
Himalayan cats, blood groups in, 305 
Histiocytosis, 27 
Holland, frequency of type A blood group in cats, 306 
Howell-Jolly bodies, 10 
Hungarian Vizslas, immune-mediated tlim~nbocytopenia in, 

183 
Hydroxyurea, 48, 152 
Hyperammonaemia, 298 
Hypercalcaemia, 144 

management, 147 
Hypergammaglobulinaemia, 145 
Hyperkalaemia, 298 
Hyperparathyroidisni, 60 
Hyperproteinaemia. 145,297 
Hypertension, 61 
Hyperviscosity, 145 

management, 147 
Hypoalbuminaemia, 61 
Hypocalcaemia, 297 
Hypofibriiioget~aemia, 212-13 
Hypophosphataemia, 298 
Hypotension, 88, 90 
Hypotbennia, 297 

Icterus, 87,90 
Imidocarb, 89 
Immune-mediated haemolysis, 37-8 
Immune-mediated haemolytic anaemia, 67-77,87,90, 189 

categories of, 69 
clinical signs, 69-70 
diagnosis, 70-3 
management, 73-7 
mechanism of red cell destruction, 68-9 
prognosis, 77 

Irnmune-mediated thrombocytopenia, 207,219-27 
clinical features, 220-1 
diagnosis, 221-4 
pathogenesis, 219-20 
prognosis, 225-6 
treatment, 224-5 

Immunocytes, 100 
Imniunodeficiency disorder of Weiniaraners, 110 
Immunodeficiency syndrome of Irish Wolfliounds, I I I 
Immunoglobulin, 292 
I~n~n~~nolog ica l  testing, 71-2 
I~n~nunomodulatory agents, 112 
Immunosuppression, 83 
Immunosuppressive therapy, 73-4 
Infusion therapy, 234 
Integrins, 198 
Interleukin-I, 30 
Interleukin-3, 141 

Interleukin-5, 141 
Intravascular haemolysis, 69 
In vitro haemolysis, 298 
Ionized calcium, 167 
Iris11 Setters, granulocytopathy of, 110-1 1 
Irish Wolfliounds, immunodeficiency syndrome of, I I I 
Iron 

metabolism, 55-6 
serum concentrations, 55-6 

Iron deficiency anaemia, 35,53 
causes of, 55 
in chronic renal disease, 60 
haematology, 53 
pathophysiology, 54-5 
tests of iron metabolism, 55-6 
treatment, 56-7 

Italy, frequency of type A blood group in cats, 306 

Jack Russell Terriers, coag~rlopatllies in, 21 1 
Japan, frequency of type A blood group in cats, 306 
Japanese Akitas, macrocytosis in, 37 

Kasabacll-Merrit syndrome, 257 
Keratocytes, 31 
Kerry Blue Terriers, coagulopathies in, 21 1 

Labrador Retrievers, blood antigens in, 266 
Laser cell counters, 6 
Left shift, I I 

degenerative, 102 
regenerative, 102 

Leislr~nn~~in spp., 14 
in bone niarrow aspirate, 20 

Leishman's stain. 7 

Leucine-rich glycoproteins, 198 
Leucocyte count, 5, 88 

age-related changes, 101 
differential, 16 
disorders of, 93-104 
total, 16,93 

Leucocyte products, 291 
Leucocyte reactions, 296 
Leucocytes 

f~~nctional disorders of, 105-14 
acquired, 108-10 
congenital, 110-1 1 
diagnosis, 11 1-12 
therapy, 112 

infectious inclusions, 14 
inflaln~natory responses, 102-3 
morphology, 10-14 
patterns of, 16-17 
responses, 101-3 
tests of function, 105-8 

Leucocytosis, adrenaline-induced, 101-2 
Leucoe~ythroblastic reaction, 103 
Leucopenia, physiological, 102 
Leukaemia, 16-17, 103-4, 139-54 

acute, 142, 148-51 
aetiology, 143 
approach to patient, 143-6 
chronic, 142, 151-2 
classification, 142-3 
eosinophilic and basophilic, 152-3 
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erythroid, 153 
haematopoietic system, 139-42 
management, 146-8 
~l~yelodysplastic syndromes, 153 
of platelets and platelet precunors, 153 

Leukaelnoid response, 103 
Lupus anticoagulant, 214 
Lympllocytcs, 13-14,53,88,99-101 

cytoki~~e/irninunoglobuli~~ release from, 108 
filnction, 100-1 
isolation frorn peripheral blood, 107 
production, 100 
proliferation assays, 107 
tests of fitnction, 107-8 

Lymphocytosis. 101 
Lymphoma, 26 
Lyinpllopenia, 101 

it? feline immttnodeficiency vints, 161 
iri feline leukae~nia virus, 157-8 

Lymplloproliferative disease, 143, 161 

Macrocytes, 7-8 
Macrocytosis, 37 
Macrophage colony-stimulating factor, 141 
Macrophages, tests of fimction, 107 
Macrothrombocytosis, 189 
Manchester Terriers, von Willebrand's disease in, 231 
Manual cell counts, 5 
Mast cells, 98 
Mast cell tumours, 26 
MCH see Mean corpuscular haemoglobin 
MCHC see Mean corpuscular haelnoglobin concentratioti 
MCV see Mean corpuscular volu~ne 
Mean corpttscular concentration, 53 
Mean corpuscular haemoglobin concentration (MCHC), 5. 

14. 15 

,, . . . . 
Megakaryocyte direct immunofluorescence test, 222 
Me~akarvocvte erowtl~ and develoo~ncnt factor. 14 1 - 
Megakaryocytes, 183, 190 
Megatl~rombocytes, 188 
Melaena, 187 
Mercaptopurine, 150 
Metastatic carcinomas, of bone marrow, 27 
Methaemoglobin reductase deficiency, 37 
Microcytes, 8 
Microhaematocrit, 4 
Microtl~ro~nbocytosis, 221 
Miniature Dachshunds, P~~eur!roc)irtis carinii infection in, 

110 
Miniature Poodles 

tnethaemoglobin reductase deficiency, 37 
non-spherocytic haemolytic anaemia, 36 

Monocytes, 13, 14,88,99 
tests of function, 107 

Monocytopenia, 99 
Monocytosis, 99 
Multiple myeloma, 26 
Myeloblastopenia, 158 
Myelodysplastic syndromes, 35-6, 153 
Myelofibrosis, 24,36,60 
Myeloid cells, 24 
Myeloid hyperplasia, 24 
Myeloid metaplasia, 36 
Myeloproliferative disease, 142, 160 

Natural killer cells, 108 
Neoplasia 

and eosinophilia, 134-5 
haematopoietic, 25, 39-41 
axid immune-mediated thrombocytopenia, 223 
noo-haematopoietic, 26-7 
and thrombocytopenia, 192 

Netilmycin, 123 
Neutropenia, 95-6, 117-29 

diagnosis, 118 
in feline i~nmu~~odeficiency virus, 159 
in feline leukuemia virus, 157-9 
infectious complications, 118-19 
management, 119-26 
prophylaxis, 120 

Neutrophilia, 95 
Neutrophils, 11-12, 88,93-7 

band, 14,53 
chemotaxis, 106 
function, 95 
isolatiot~ from peripheral blood, 105 
tnorpllological abnormalities, 96-7 
phagocytosis and killing assays, 106 
production of, 93-4 
respiratory burst, 107 
segmented, 14, 53 
tests of function, 105-7 

Non-agglutinating haemolysis, 69 
Norwegian Forest cats, blood groups in, 305 
Nucleotide synthesis, defects in, 34 

Obesity, polycythaemia in, 44 
Old English Sheepdogs, immune-mediated thrombocytopenia 

in. 1x1 ~~~ , -.. 
Oll~rla~rrts rricr,sl~is, 132 
Oral cavity hae~i~orrhage. 187 
Oriental Shorthair cats, blood groups in, 305 
Oslerr~s (Filflroides) osleri, 132 

Packed cell volume (PCV), 4,5,6,43,53,60,61, 88 
Packed red cells, 285-6 
Panleucopenia, 189 
Parasites, and eosinophilia, 132-3 
Parathyroid hortnone, plasma co~~centration. 61 
PCV see Packed cell volu~ne 
Pelger-Huet anomaly, 97, 11 1 
Pe~nbroke Welsh Corzis. von Willebrand's disease in. 231 - 
Persian Cats 

blood croups, 305 
~liediik-H'igashi syndrome, 11 1 

Petechiae, 183, 187,220,221 
Phlebotomy, in polycythaemia, 48 
Phosphorus, radioactive, 48-9 
Pindone, 245 
Plasma products, 286-90 

cryoprecipitate, 289-90 
cryosupernatant, 290 
fresl~/fresli frozen plasma, 287 
liquid plasma and frozen plasma, 287-9 
thawed plasma, 287 

Plasma protein reactions, 295-6 
Plasmapheresis. 76, 147 
Platelet aggregometer, 203 
Platelet-bound imlnunoglobulin G, 222 
Platelet concentrate, 290-1 
Platelet count, 14, 174-5 

automated, 15-16, 176 
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immnne-mediated thrombocytopenia, 221 
manual, 175 
thrombocytopenia, 189 

Platelet factor 3 test, 222 
Platelet plug, 184 
Platelet products, 290-1 
Platelet reactions, 296 
Platelet-rich plasma, 290 
Platelet transfusions, 191-2 
Platelets, 53, 88, 165, 197-208 

accelerated destruction, 185-6 
adhes~on, 184,201-2 
aggregation, 183,202,203 
clumping, 184, 188 
decreased production, 184-5 
dlsordcrs of function, 203-4,204-7 
disorders of number, 183-95 
m feline leukaemia vim, 158 
function, 200-2 
function tests, 175-7 
leukaemia of, 153 
morphology, 14,174-5 
procoagulant activity, 202,204 
release reaction, 202,203 
sequestration, 186 
structure, 197-200 

membrane systems, 200 
organelle zone, 200 
outer membrane, 197-9 
sol-gel zone, 200 

volume, 189 
Pneumocystls carinil, 110, 132 
Poikilocytos~s, 34 
Polycythaemia, 25-6,43-50,297 

consequences of, 44-5 
laboratory findings and diagnosis, 45-7 
primary, 44 
relative, 43 
secondary, 43-4 
treatment, 47-9 

Polycythaenua vera, 32.44 
Poodles 

unmune-mediated thrombocytopenia, 219 
von Willebrand's disease, 23 1 

Porphyria, hereditary, 35 
Post-splenectomy thrombocytosis, 193 
Prednisolone, 83,150,152 
Preleukaemia see Myelodysplastic syndromes 
Primary immune-mehated thrombocytopenia, 192 
Primary thrombocytosis, 193 

I Procoagulant activity of platelets, 202, 204 
Protein C,  170 
Protein S, 170 
Proteinma, 191 
Prothrombm tlme, 178 
Pseudoagglutmation, 269,271,272 
Pure red cell aplasia, 24, 34 
Pyreuean Mountain Dogs, coagulopathies in, 211 
Pyruvate kinase deficiency, 36 

Quantitative huffy coat analysis, 6 

Reactive thrombocytosis, 193 
Rebound thrombocytosis, 193 
Recombinant human erythropoietinsee Erythropoietin, 

recombinant human 
Red blood cell incompatibility, 295 

Red blood cell products, 284-6 
packed red cells, 285-6 
whole blood, 284-5 

Red blood cell substitutes, 286 
Red blood cells 

acquired defects, 37-8 
genetic defects, 36-7 
increased destruction, 36-8.68-9 
increased loss, 38-9 
increased osmotic fragility, 60 
indices of, 30-1 
morphology, 7-10,31,53 

see also individual red cell forms 
nucleated, 10, 14 
production of, 29-30 

reduction, 32, 34 
sequestration of, 80 
variables, 15 

Red cell count, 5, 14 
Red cell dishibution width, 55 
Red cell transfusions, 192 
Regenerative response, 30 
Release reaction of platelets, 202,203 
Renal disease 

acute, in canine babesiosis, 86, 90 
chronic, anaemia of, 59-65 
platelet disorders in, 207 

Renal neoplasia, polycythaemia in, 44,46 
Reticulocyte count, 60, 88 
Reticulocyte production index (RPI), 15 
Reticulocytes, 10,53 
Retinal haemorrhage, 187 
Rhipicephalus sanguineous, 10,85 
Rickensia rickettsii, 191 
Rocky Mountain spotted fever, 192 
Romanowsky stains, 7 
Rottweilers, immune-mediated thrombocytopenia in, 220 
Rubriblasts, 24 

Schistocytes, 9' 3 1 
Scotland, frequency of type A blood group in cats, 306 
Scottish Fold cats, blood gmups 305 
Scott~sh Terriers 

immune med~ated thrombocytopenia, 183 
von Willebrand's ksease, 231,233 

Secondary haemostasis, 167-9 
components of, 167-8 
disorders of, 209-15 

acqwed coagulopathies, 214- 15 
clinical fmdings in coagulopathies, 209-10 
inherited coagulopathies, 21 1-13 
management of coagulopathies, 210-1 1 

mechanism of, 168-9 
tests of, 177-8 

Secondary immune-mediated thrombocytopenia, 192 
Selectins, 198 
Sertoli cell tumour, 185 
Serum products, 291-2 
Shetland Sheepdogs, von Willebrand's disease in, 231 
Shiba Inns 

macrocytosis, 37 
thrombocytopenia, 184, 193,224 

Siamese cats .. 
blood groups, 305 
coagulopathies, 21 1 

SilQ Terriers, hereditary elliptocytosis in, 36 - 
Smouldering leukaemia, 139 
Sodium citrate, 276 
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Somali cats, blood groups in, 305 
Soherocvtes. 8. 3 1.70 
~pheroc;tosis, 70 
Soitz dor thrombo~athia. 205.206 
~b~enec tom~,  76,225 
Splenomegaly, 223 
Springer Spaniels, bilimbtnutia in, 36 
Spurious thrombocytopenia, 223-4 
Staining of blood films, 7 
Staphylococcus intermedius, phagacytosis, 106 
Stomatocytosis, hereditary, 36 
Storage pool deficiency, 205,206 
Stress leucogram, 16, 102 
Strongylotdesspp., 132 
Sul~haauinoxalime. 245 
~wftze~and, frequency of type A hlood group in cats, 306 
Synthetic plasma expanders, 289 

Target cells see Codocytes 
Tetracyclines, 83 
Thiacetarsemide sodium, 83 
6-Thioguanine, 150 
Thrombin clot time, 179 

,Thrombocytopenia, 184-93 
breed-associated, 5 
causes of, 184-6 
clmical presentation, 186-90 
immune mediated see Immune-mediated 
thrombocytopenia 
laboratory evaluation, 188-91 
specific causes, 192-3 
treatment, 191-2 

Thromhocytosis, 193-4 
'Iln'ombopatinas, 203-4 
Thrombopoietin, 141 
Thrombosis, 297-8 
Tissue factor, 167 
Tissue factor pathway inhibitor, 170 
Tonkinese cats, hlood groups in, 305 
Total iron binding capacity, 56 
Total nucleated cell count, 53 
Total protein, 53 
Toxocam cams, 132 
Toxocara cati, 132 
Toxoplasma gondzr, 192,266 
Toxoplasmosis, 132 
Toy Alaskan Eskimos, methaemoglobin reductase deficiency 

in, 37 
Transexamic acid, 239 
Transfenin.saturation, 56 
Transfusion-associated sepsis, 298 
Transfusion reactions, 294-9 

immunological, 295-6 
plasma protein reactions, 295-6 
platelet reactions, 296 
red blood cell incompatibility, 295 
white cell reactions, 296 

management of, 299-301 
non-immunological, 296-9 

acidosis, 298 
anaphylactoid reactions, 296 
cihate intoxication (hypocalcaemia), 297 
coagulopathy and thrombosis, 297-8 
haemosiderosis, 299 
heparinization, 297 
hypermonaemia, 298 
hyperkalaemia, 298 

hypophosphataemia, 2981 ~ropostn~&.9.? u.3:. .%..... 
hvnothermia. 297 -. 
microbial contamination, 298 
polycythaemia and hyperproteinaemia, 297 
pretransfusiou haemolysis, 298 
volume (circulatorv) overload, 297 

Trrchuris vulprs, 132 
Tmmhiculid mites, 132 
Trypan blue, 89 
Trypanosoma congolense, 34 
Tumour necrosis factor (TNF), 30 

Umbilical haemomhage, 238 
Uncinaria stenocephala, 132 
United States, frequency of type A blood group in cats, 306 

Valone, 245 
Venepuncture, 3-4 
Vmca-loaded platelets, 291 
Vincristine, 150, 152 

in immune-mediated thrombocytopen~a. 224-5 
VitaminB, deficiency, 35 
Vitam~n B,, malahsorption, 37 
Vitamin K 

antagonism, 214 
deficiency, 214 
role m haemostasls, 243-4 
treatment of anticoagulant rodenticide toxicity, 249-50 

Vitamin K-dependent coagulation factors, 168 
Vitamin K dependent coagulopathies, 213,214 
Vitamin K-enzyme complex, inhibition of, 244-5 
von Willebrand factor, 165, 183, 184,203 

antigen, 177 
function tests, 177 
measurement of, 232-3 
strncture and function, 193-4 

von Willebrand's disease, 205,229-35 
clinical signs, 230-1 
diagnosis, 232-4 
treatment, 234 

Warfarin, 245 
Weimaraners, immunodeficiency of, 110 
West Highland White Teniers 

inunune-mediated thrombocytopenia, 220 
pyruvate kinase deficiency, 36 

White cells see Leucocytes 
Whole blood, 284-5 

administtation, 292-4 
dehvery, 294 
filter, 293-4 
record keeping, 294 
transfus~on rate, 293 
venous access. 293 
warming and mixing, 292-3 

haemostatic mooerties. 284 
storage, 284- . 
transfusion, 284-5 
we, 284 

Whole hlood clotting time, 177-8 
Wright's/Giemsa stain, 7 

X-linked combined immunodeficiency, 11 1 
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