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Preface 

Th~ last twO dtcades have seen major advances in 
the field of small animal medicine. Indeed, this 
progress continues aI a pace which al limes must 
seem overwhelming both to undergraduate vCleri· 
nary students trying to come to terms with this 
wealth of knowledge for the first time, and busy 
small animal practitioners who uc si mply trying 
to stay abreast of current developmcms. During 
this ?t'riod many new conditions have been iden
tified and our understanding of the pathophysio
logical mechanisms of disease has improved 
considerably. Funhermore the 2dvcm of more 
sophisticated diagnostic techniques. panicub.rly 
ultr.uonography, and the introduction of many 
new forms of therapy hu greatly enhanced our 
ability to cff«tively treat and more objectively 
assess the progress of animals placcd under our 
care. 

My main aim has been to provide an easy-to
read reference source for undergraduau: veteri
nary students and small :mimal pl"2,ctitioners, 
including those who have opted for periods of 
postgraduate training or who are studying for the 
Revs Certificate or Diploma in Small Animal 
Medicine, or the Diploma of the European 
College of Veterinary Internal Medicine (Small 
Animals). With this in mind, every attempt h;ls 
been made to make the text accessible and to pre
sent information in a way that is concise and clin
ically relevant. 

This textbook covers diseases of the dog and cat 
in one volume. I have been fortunate to recruit the 
services of 31 authors from the United Kingdom, 
mainland Europe. United Stones of America and 
Australa.sia. All are authorities in their own dini
cal disciplines and are respected internationally 
for their individual contributions co both teaching 
and research. There is no shortage of illuslr.llions; 
many, including those depicting diseases of the 
skin, eyes and blood. are repeated in colour in the 
plate section. 

The book is divided into two sections. The 
first consists of 33 chapters devoted to specific 
clinical problems all of which are commonly 

encountered in day-to-day practice. An attempt 
has been made to retain a uniform format 
throughout. The emphasis is very much focused 
on clinical problem solving. A unique feature of 
this textbook is the production of checklists 
for history and physical examination. These 
checklists, which have been used in preference 
to algorithms, take the (orm of questions 
or a series of prompts designed to ensure that 
essential historical and clinical details are not 
omitted. 

Each chapter starts with a bricf introduction 
(including relevent anatomy and underlying 
pathophysiology). This is followed by sections on 
the use and interpretation of relevant diagnostic 
techniques and. finally, management of the prob
lem under investigation. References in this section 
have been kept to a minimum; those that have 
been ci ted relate to points of contention. 
Information concerning specific disuses is cross 
referenced to the appropriate systems chapters in 
Section II. 

Section II comprises 18 chapters, each describ
ing the diseases of a specific organ or body sys
tem. In order 10 provide rapid retrieval of 
information, each chapter is preceded by a table of 
contents. This is followed by a review of the clin
ical examination of each body system and an in
depth discussion of sp«ific conditions. Diseases 
of the dog and cat are dealt with separatel), where 
appropriate and each chapter is extensively refer
enced. 

Textbooks of this nature rely heavily on the 
goodwill and cooperation of many people. I 
extend my sincere thanks to all the contributing 
authors, without whose enduring patience this 
project would never have been completed. M r 
thanks also go OUt to my colleagues and staff at 
the University o f Cambridge Vet School who 
provided enthusia.stic suppOrt throughout. A par
ticular debt is dut' to John Fu ller for his artwork. 
His magnificent illustrations and line drawings 
have added a degree of continuity and enhanced 
the overall appearance of this textbook. The 
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xii I PREFACE 

editorial staff ;u \'(f.B. Saunders, in part icular 
Catriona Byr~s, Tim Kimm:r, Carol Parr and lat· 
terly Debo!";lh Russell , have been instrumental in 
guiding me through the lows and highs during 
preparation of the manuscripts. Thank you for 
your hard work and for keeping me on track. 
Finally, very special thanks are due to my famil y 
;md friends who must h;l\'e wondered whether 
this textbook would ever sec the light of day. 

Regardless of how long we have practised the 

art of veterinary medicine, we all stnve to 
improve our clinical expertise and practical 
skills in the knowledge that it is far easier to 
become complacent and stagnate than to expand 
our base of acquired know1(,d ge. [ hope this 
textbook contributes in some small way to this 
upward learning curve that we refer to as con
tinued professional development. 

John K. Dunn 
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Introduction to Medical 
Problem Solving 

J. K. Dunn 

I WHY USE A PROBLEM·ORIENTED 
APPROACH? 

The field of small animal medicine is one of the 
moSt rapidly expanding areas of veterinary sci
ence, and veterinary students arc now required 
to usimilatc and absorb more factual informa
tion than ever before. Morc impon:mdy, each 
student must I( .un how 10 apply this vut 
wealth of information to clinical situations 
which <lfC geared to providing the beSt possible 
quality of patient care in terms of diagnosis and 
management. In this respect the problem
oriented apprc».ch. in addition to being an 
integral pan of the diagnostic process, is an 
inva1uablc educational tool. Whereas older diag
nostlc systems to a large extent rdied on ruling 
out diffcrcntia1 diagnoses baRd simply on clini
cal impressions of the case in question, prob
lem-oriented medicine places more emphasis o n 
critical identification of the palient's problems 
and an understanding of the pathophysiological 
mechanisms responsible for each problem, 
thereby providing the framework for a more 
logical and structured approach to diagnosis and 
management, which in tum promotes a higher 
quality of patient care. By concentrating more 
on scientific logic rather than 'gUt feelings', the 
problem-oriented approach eliminates much of 
the guesswo rk and discourages hasty and mis
guided presumptive diagnoses. It ensures that 
the clinician, having accurately identified spe
cific problems, then places them in proper per
spective and investigates them :lCCordingly. By 
recording all the problems identified from the 
history and physical examination, plus any lab
oratory andlor radiographic findings, a more 
complete and ultimately mo re reliable, clinical 
picture is obtained. Insignificant problems, or 

problems which at fi rst may appear irrelevant if 
taken in the COntext of the primary presenting 
complaint, are therefore less likely to be fo rgol
ten and can be recalled if necessary al a lalef 
stage of the invesligative process. 

I THE PROBLEM·ORIENTED 
VETERINARY MEDICAL RECORD 

The problem -oriented approach emphasizes the 
n«d for accurate and complete medical records, 
and a well-prepared medical record is funda 
mental to the conccpt of quality patient care. It 
should r«ord details of the animal's history, 
clinic;U findings and results of ancillary tCSts. 
For hospitalized patients, it should chan a daily 
assessment of the- animal's progress togethe-r 
with plans for further investigations, and should 
include a discharge summary. In this rcsp«1 the 
medical record serves as an important form o f 
communication belW«n technical and profes
sional staff as well as a source- of material for 
retrospective studies. Finally it should be 
remembered that a medical record is also a legal 
document which may be called upon in cases of 
litigation. 

The components of the problem-oriented 
veterinary medical rccord (POVMR) can be 
conveniently d ivided into four groups: 

I. ColI«:tion of baseline informatio n (usually 
referred to as the database); 

2. Formulation of a muter problem list (problem 
definition); 

J . Initial assessment and diagnostic plan; 
1. Progress notes (to include daily assessment, 

follow-up plans, and discharge summary). 
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" I PROBLEM ·ORIENTEO MEDICI NE 

COLLECTION OF BASELINE 
INFORMATION (DATABASE) 

The d:llabase consists of problems identifled from 
the history and physical eumination. At the out
set the clinician should record each problcm sepa
rately, regardless of whcther or not it appears 
relevant to the primary presenting complaint. 
Remember most problems identifled from either 
the history or physical examination which war
rant further mooical investig,ation are not diag
noscs. Depending on the extent of the previous 
investigations and nature of the illness the data
b:ue may also include the results of preliminary 
labor:ltory sc~ening tests (uri nalysis, routine 
haematology and the resulu of a limited biochem
ical screen) and/or radiographic fl ndings. As the 
case progresses the database expands as the resul ts 
of furtl1er diagnostic tests become available (e.g. 
eleclrocardiographiclechocardiogr.lphic fl nd ings. 
biopsy reports etc.). As the database expands, 
problems which were identifled at the outset 
become progressively more deflnoo until a 
speciflc di;lgnosis is reached. 

• Hisiory 

The history begi ns with a description of the ani
mal (age, sex, breed). Special care should be taken 
when interpreting problems described by the 
owner. AlthouSh their observarions may be accu
r;lte, owncrs ohcn tend to exaggerate the impor
tance of some problems whilst underesti mating 
th e:! signiflcance of others. A complete and detailed 
history is therefore absolulCly essential in de:!\"d
oping the minimum database. Question design is 
extremely important when ",king a history. 

Questions should be phrased in such a way so 
as to obtain a factual rather than an infere:!ntial 
answer, i.e. care should be taken not to ask a ques
tion in such a way th:!.t only one allswer is implied; 
by providing several possible answers the clini
cian is leu able to bias the owner's response. 
Responses which arc equivocal, i.e. answe:!rs such 
as ' I don't know' or ' I'm not sure' or ' Perhaps, 
well y~$ I think so' should be listed as qucstion
able on the m:uter problem list so th.l l the:!Y may 
be recalled as such at a later date. For the own~r's 
pe~ce of mind it is best to focus attention, at least 
initially, on th~ prima.ry pres~nting complaint. 
The clinician should ask questions in a systematic 
manner 50 that the problems wh ich aTe identifled 
c;tn be arra.nged in chronological order. The open
ended tcchnique where :l.n owne:!r is asked to 

'describe hislh~r pet'S problcm(s}' is probably the 
least satisfactory from a chronological ,'ie:!wpoint. 

The fo llowing gen~ral it~ms of informa.tion 
should be obtained from the owner (readers arc 
requested to consult 5«tion II of this book for 
more detailed points rebting [0 the history-taking 
for a spednc body sy5lem or organ): 

• Past medic:t.l/ surgic;t1 history, including vacd
nuion status, parasi te (ontrol and pr~v ious 
therlpy 

• Tim~ in owner's pos5(!ssion and details of 
present environment (ruraUurban) 

• The nature of the primary complaint; if neee:!$
s.ary :uk the owncr 10 describe the eours~ of 
events 

• Contact with other pets in the household 
• General activity/demeanour 
• Diet 
• Appetite 
• Water consumption 
• Vomiting or diarrhoea 
• Coughing or sne:!e1.ing 
• Weightlosslga.i n 
• Lameness 
• Reproductive history (particullrly 

bitchcs) 

• mtact 

It is important to communicate with d icnts at a 
level that they l re f:lmilia.r with and l re abl e:! to 
understand. For c1arificnion, the main problems 
identified during the history taking can be 
5 umn:':l.ri~.cd on complction of a full physica.l 
~xammauon . 

• Physical examination 

Detailed accounts of the clinic3.l examination of 
each body sy$t~m arc included in Section II. In 
ord e:! r to obtain consiSUIlI and meaningful infor· 
mation the ge:!neral physical examination should 
be performed in a systematic manner. Haste is 
probably the mos t (ommon reason for errors and 
omissions during a physical examination. For Ihis 
rC:ISOn the d inician should not be tempted to take 
short CUts or be distracted by th~ nature:! of the 
primary complaint. and the s.ame routine should 
be used for each examination. 

The physical e:!xamination 5(!rves twO u5(!ful 
functions: ( I) to dctect congenital abnormalities in 
the young animal and (2) to establish the serious
ness of a problem in a sick animal. A full physic3.1 
uamination should be performed on every 
animal preferably when it is presented fo r 
its flrst v3ccination to identify lny congenital 

" , 



abnormalities whit,:h m;ay be prescnt (cardiac mur
murs, umbilical hernias and cryptorchidism). 

Regardless of how localized the primuy com
plaint may appear, a filII physical cxaminiltion 
should be performed on nJery patient. Once the 
general cnmin:ltion has been completed. panicu
lar attention may then be given to the body sys
tcmCs) in which dysfunction is suspected from the 
history. To a ccnain ~COl. the emphasis of the 
general physical cxamm2uon may be influenced 
by the age of the patient. Congenital de-feets. par
ticularly those involving the hem, arc more com
mon in animals less than six months of :lgc, 
whenas gcri;mic patients may show clinical signs 

. of multiple" organ dysfunction ;uSOCi:UM with 
age-related degenerative changes in the hc;an, 
lungs, liver. kidneys. joints and eyes. 

The history and gener:ll physical examination 
are best recorded separately (Fig. I. t ). A written 
eh«k-off list is invaluable, and if possible should 
be: incorpor:lted into the medical r«ords to 
ensure rnat each body system is examined in 
sequence. A serits of tick boxes arc provided on 
the form and thCR arc filled as each system 
examination is completed and any abnormalities 
are recorded in writing below the boxes (Fig. 
1.1 ). On completion, the sheet should be signed 
or initialled by the person performing the nan,j-

• 
natiOn. 

GENERAL PHYSICAL EXAMINATION OF 
THE OOG ANO CAT 

A step by Step check lin fo r performing a full 
genera.l physical examination is given below. 

• Inspection 

The fint part of the examination involves inspect
ing the animal from a distance, e.g. as it enters the 
examin:uion room, and cen:linly before lifting it 
onto the examination table_ Observations should 
be made regarding the rollowing: 

• The animal's general body condition (note 
wherner thin or obese, hair coat quality and 
cleanliness) 

• Demeanour (bright, disinterested o r depressed) 
• Attitude (friendly, wary or aggressi\'e) 
• Conformation and symmetry 
• locomotion/gait 
• Neurological deficits, e.g. loss of vision, head 

tilt, ataxia, circling or knuckling of a limb 

INTRODUCTION TO MEDICAL PROBLEM SOLVING I 5 

• Physical examination 

Before progressing with the second pan of the 
examination the clinici:ln should familiari1.e 
himself with the patient. The examination then 
proceeds by recording the animal's body weight, 
temperature, pulse and respira tory rate. 

As a rough guide the normal resting tempera
ture, pulse and respiratory rate (fPR) for the dog 
and cat arc gi\'en ~low (considerable o\'crlap 
exists between these ranges of normaJ vaJues): 

T emper.r.turc (OC) 

Pulse rale (beats per minute) 
small dogs/cats « 10 kg) 
medium-sizM dogs (10-25 kg) 
large dogs (>25 kg) 

Respiratory r:tle (respirations 
per minute) 

R.ct.ll.mp."tu" 

37.5-39.0 

11 0-1 15 
80-120 

70-90 

20-40 

R~membcr the animal's tcmperature will increase 
with physical :lctivity, cxcitement :lnd high 
environmental temper.nures. A dog's tcmper:tturc 
may rise :lfter a long car joumey on a hot day. A 
brief examination of the :lnus, anal sacs, perineal 
region and external genitalia m:ly be performed 
white taking the tcmpel'2ture, and the consistency 
and colour of the f.t«~s on the end of the ther· 
mometer should be nOled (h;ud. soft, diarrhoeic, 
paie, bloody etc.). 

Pul" 
The pulse should be counted for at leu t 15, and 
prefcl'2biy 30 s«onds. Both femol'2i :lneries 
should be palpated, placing the fingers on the 
anery from thc fronl of th~ leg. Note and record 
rate, character, rhythm, tension and type of wave. 

Rsspf",ory "Is 
Note the ra te :lnd ch:iTaeter of respiration by watch
ing the movement of the thoracic wall at the tho
I'2cic arch. Count for at least 30 seconds and note 
the type of movement, depth and rhythm of respi. 
ration. This is especially imponant in cau where 
changes in rcspiratory patt~m may be subtle. 

H.,d 
Nare1: check for symmetry, patency, altered 
pigmentation and discharges. 

Lip1: ch«k for symmetry, presence o f lesions :lnd . . 
pigmentation. 
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• c. .. No: _____________ _ 0.1.: ___________________ _ 

Ow ..... ·• n ...... "· ___________ _ 

p-,;'nt'. l'I.me: ________________________________ • ____ _ 

... ' .."..-;-----rco---- - ================--== $e.: O M O F 

o Enti,e 0 Ney, .. --------_._._ . 
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o BOOIlen 

o TII.nul o tnltuenu 
o Dill.,.,,"' o Hepllius o LeDIQSPi.osis o P.rvovi'UI 

) 

o DIM. ( ) 
o 8oosl ... BIOP ____________________________ _ 

P''''';OUI problems: , . 

Othe •• nim.'s: 
(wn.... "'-'<Inl) 

En~irQl'InNnt: 

O".ils it ,.levl"' 
' .11'. bedd.ng. 
type 01 ",,~_nl: 

2. 

3 . 

•• 

o U,ban o Subvrblon o RUf. 1 
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CASE NO: 

OWNER'S NAME: 

PATtENrS NAME. 

Norm.' 

I . G,,, .... 0 "1 ,,',nee 
2.. Anitude 0 

3. L.ocomoIIon 0 

4. HNd .. F':I 0 
E,.. 

.... 0 N_ O 

5. 0.11 ca"lfy 
M ueous 
~br.n. 0 

Ging;vI 0 

T_h 0 

Tons,b 0 

6. Lymph "Odell 0 

7. IM&gume,u 0 

DATE: 

T, ~ 

-, N._ 
8. Ml,IICulo*Mt.' 

0 0 Joints 

S-
0 0 

Muscln 
0 0 

9. PltrilleO.lm 
0 0 '"~ 

0 0 
Vulv., 
lIStie ... 

0 0 M ........ gLendl 
p..,.;. 

PfOSUoII 
0 0 

10. AbdomiNI 
0 0 """ 0 0 11 . Aespit.lory 

0 0 1 2. C.rdiov.scu .... 

0 0 13. He.voul system 

0 0 

efTAILEO EXAMINATION 
(AulCult~ion. Pen:uuion. RICt8I. 1'tC) 

WEIGHT: <G. N_. Abnormal No .... m 

0 0 0 

O 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

"' .... _----- - --
PHYSICAL EXAMINATION 

Flilure 1.1 History and physical examination forms used to compile the problem-oriented medical record at the 
Queen's Veterinary School Hospital, University of Cambridge. SlOP, been in owner's possession; FVR, fe line vi ral 
rflinotracheilis. 

b 
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8 I PROBLEM-ORIENTED MEOICINE 

Oral cavity: check colour and moistness of oral 
mucous membranes_ Normal capillary refi ll time 
is less than 2 seconds_ Inspect gingivae for signs of 
infbmmation or masses, and teeth for evidence of 
calculus formation. Open the mouth gendy to 
examine the onl and occlusal surfaces of the teeth, 
tongue, hard/soft palate, pharynx and tonsils. To 
visualize the latter it is usually necessary to 
depress the tongue with a spatula or finger, eat's 
tonsils are particularly difficult, and sometimes 
almost impossible, to examine without some fonn 
of sedation. The underside of the tongue should 
be examined for evidence of a linear foreign body, 
such as a thread or piece of Slring in any animal 
that is vomiting. 
Eyes: a superficial examination of each eye should 
include an examination of the conjunctival 
mucous membranes, eyelids, cornea, iris and lens. 
Pupillary light reflex es should be evaluated with a 
pen torch and the conjunctival mucous mem
branes for changes in colour (pallor, erythema, 
jaundice). The ocular sclera is particularly useful 
for detecting early jaundice. 
Ears: ex:tmine the pinnae for skin lesions, 
swellings etc. and check each external auditory 
meatus for the presence of abnormal odours, 
discharges or other signs of inflammation. 

SupBrflclallymph nodes and sill/vary glands 

• PalpJ.te the submandibular, prescapubr (super
fi cial cen'ieal) and popliteal lymph nO<.l<:s. 
Generalized lymphadenopathy such as that 
which occurs with multicentric lymphoma 
may also result in palpable enbrgement of the 
axillary and inguinal lymph nodes. 

• Palpate the submandibular and parotid salivary 
glands. 

NICk 
• Palpate the larynx and thyroid region particu

larly in older cau. 
• Gently pinch the trachea to sec if this elicits a 

cough. 
• Assess hydration StatuS by 'tenting' the skin 

over the dorsal aspect of the neck or top of the 
head. 

The trunk Bnd IBgS 
• Palpate and observe for s)'mmetry. size J.nd 

shape. 
• Examine skin and hair coal. 
• Palpate the mammary ghinds for swellings, 

lumps, discharges and ulceration. 

• Palpate the ribs for old fractures etc. 
• Palpate the muscles and flex the joinlS; note :my 

pain, swelling or crepitation. 
• Examine the external genitalia, i.e. penis, pre

puce and scrotum/ testes in the male, and vulva 
in the female. When examining the vuh'a check 
the colour of the mucosal surface and note the 
presence of any discharge. 

ThafBx 
Physical examination of the thorax involves 
palpation. auscultation and percussion. Auscul
tation should be carried out in a quiet room and 
if the dog is panting it will be necessary to ask 
the owner 10 gently close the animal's mouth. 
This is particularly important when :mempting 
to classify or categorize a cardiac murmur. 
Purring in a contented cat is not easily over
come; blowing gendy into each nostril may 
sometimes help. 801h components of the end
piece of the stethoscope should be utilized when 
auscultating the heart and lungs (the bell deteclS 
low pitchro sounds and the diaphragm the 
higher pitched sounds). With experience the 
clinician will learn to differentiate an efactual 
sounds such as hair rubbing on the stethoscope 
diaphragm, fine muscle fasciculations, gastro
intestinal sounds, sniffing or purring, which may 
interfere with, or be superimposed on normal 
respiratory and cardiovascular sounds. Always 
auscultate both sides of the thorax. 

HSlrt 

• Palpate the chest wall to locate the apex heat 
(the area where the palpable shock, produced 
when the apex of the heart beats against the 
chest wall during e:tch 5)'51O[e, is strongest). 
This point coincides roughly with the region of 
the mitral valve. 

• Assess the heart sounds for loudness 2nd 
clarity. The fi rst heart sound (S I) corresponds 
to the vibration which occurs during closure of 
the atrioventricular (mitral and tricuspid) 
valves followed by the r;J.pid ejection of blood 
from the ventricles. The second heart sound 
(Sl) is associated with the closure of the pu l
monic and aortic valves. Other ' normal' heart 
sounds (e.g. S3 and S4 sounds) and murmurs 
may be auscultated particularly in disease states 
(see Chapters 13 and 14). The pulmonic, aortic 
and mitral valves are most readily auscultated 
on the left side of the chest, the tricuspid valve 
on the right side. While listening to the hean 
the femoral pulse should be simultaneously 
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palpated. A pulse deficit is the term used 10 

describe a set of heart sounds without a corre
sponding pulse and indic3tes 3 dysrhythmi3. 

R,splratory syst,m 
• Auscultate the luymt, tnchea and thor;J.x. 

Upper airway noises, particul;1rly hush cr;J.ck
Jes or wheezes, may be tnnsmitted downwards 
and heard over the lungs (referred lung 
sounds). 

• Respiratory sounds m3y be referred 10 as 
normal or adventitious. 

Normal rtlplretory loundl 
These may be classified as bronchial or vesicu
lar, or a combination of the two (broncho
vesicular). Bronchiitl (or tracheal) sounds arc the 
result of air passing through larger airways. 
These harsh sounds may be heud if the stetho
scope is placed over the larynx or tnchea; simi
lar sounds may be heard over the middle third 
of the thorax as air in the intrathoracic trachea 
passes C3udally towards the coryna. The)' occur 
with equal duration during the inspiralOry and 
expir.ltory phases of respiration, and decrease in 
intensity caudal to the hilar region. Increased 
bronchial sounds with or without increased 
vesiculu sounds occur with excitement and 
panting, and also in young or thin-chested dogs. 
Vesicular sounds are the softer low pitched 
rustling sounds which can be heard during nor
mal respiration. They are slightly louder on 
inspiration. Vesicular sounds have been attrib· 
uted to the vortices of air which fonn ;15 thc 
terminal bronchioles open into the alveoli. 
BronchO'f)esicuLtr sounds, as the tenn implies, are 
intermediate in quality between bronchial and 
vesicular sounds. Feline respiratory sounds are 
generally less audible than those of the dog and 
bronchial sounds tend to predomin:,He, 

Actnntilioul I1spll1tory loundl 
Adventitious sounds indicate the presencc of a 
pathological process. They may originate from the 
bronchi. lungs and pleura. Crackles (mlcs) are dis
continuous or inu~rmiuem sounds which :a.re 
superimposed on the normal bronchovesicular res
piratory noises, They are usually classified as fine 
or cou~ (synonymous with the sounds previously 
referred to as dry and moist crackles respectively). 
Fine crackles occur with interstitial oedema, inter
stitial pneumonia and pulmonary fibrosis, and are 
most commonly heud during latc inspiration, 
Course crackles genen.lly indicate fluid accumula
tion in the bronchi, bronchioles or alveoli (e.g. 

INTRODUCTION TO MEDICAL PROBLEM SOLVING I '1 

bronchopneumonia or :tdvanced pulmonary 
oedema). They have a more gurgling or bubbling 
qu:tlity and tcnd to be more pronounced during 
early inspir.ltion. Whrezes (previously referred to 
as rhonchi), in contrast to crackles, arc continuous 
sounds which :tre genen.ted by air passing through 
a narrowed airway which results in vibration of the 
airway wall. They possess a musical, often 
whistling, quality and can be described as high 
pitched (sibihmt) or low pitched (sonorous). 
Whcczes are a featu re of chronic obstructive pul 
monary disease, usually occurring during expir.l
tion. Lowcr pitched wheezes may be associated 
with secretions in thc airway and thercfore may be 
heard with course crackles. Inspiratory stridor is 
the more specific term used to describe the wheezes 
which are frequently associated with stenosis or 
partial obstruction of the upper respin.tory tract 
(larynx, tnchea or m:tinstem bronchi). Pleural fric
tional sounds are fine crackling noises caused by 
the rubbing together of roughened parietal and vis
ceral pleural surfaces. These relatively rare sounds 
tend to be higher pitched and more focal in distri
bution than pulmonary crackles. Although not 
continuous, they are consistent in that they occur 
during the u.me phase of respir3tion (usually bte 
inspiration), 

Abunca of lung soundl 
A reduction in the intensity or complete absence of 
lung sounds is likely to OCell r if free fluid or air accu
mulates in the thoracic cavity. Other causes of 
reduced lung sounds include obesity, large space
occupyi ng intrathor.lcic masses, diaphmgmatic her
nia and scvere, diffuse terminal airway disease 
resulting in consolidation of one or more lung lobes, 

Parcuulon 
Percussion is a less useful diagnostic technique in 
small animals than it is for large animal species. 
The middle finger of one hand is placed over an 
intercostal space and struck with the middle 
finger of the other hand between the dist:tl inter
phalangeal joint and the linger nai l. Incre:tSed res
onance occurs with pneumothorax or possibly 
severe pulmonary emphysema; decreased reso
nance may be expectcd with pleur.ll effusions or 
large intrathoracic masses. The amcrior thorax 
should be palpated in any dyspnoeic cat. 
Normally this area can be compressed easily 
betwcen the thumb and fin gcrs of one hand; fail 
ure to do so is highly suggestive of an anterior 
thor.lcie mass. Dyspnoeic cats are sen'oljJ n'sks [or 
any typr of examination and sedation may be nrc
mary to avoid struggling and [uttber rtspiratory 
embarrassment. 
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10 I PROBLEM·ORIENTED MEDICINE 

Abdom,n 

The abdomen should be palpated gently between 
the fingers of both hands. Altering the position of 
the animal, for example by raising the forelimbs 
or placing in later.a1 rtcumbency, may ocasion
ally aid palpation of an organ or mus that would 
otherwise not be palpable. The following Struc· 
tures may be palpated in the abdomen: 

I. Anterior abdomen 
• small intestine 
• liver (if enlarged) 
• slOmach (if distended) 

2. Mid-abdomen 
• small intestine 
• mescnteric lymph nodes (if enlarged) 
• kidneys; in the cat especially, the left kidney is 

extremely mobile and easy to palp.:lte :lOd it is 
usually possible also to palp;ne the posterior 
pole of the right kidney, parti111y hidden under 
the right costal arch. 

• ± spleen 

J. Caudal abdomen 
• small intestine 
• faeces in the descending colon or rectum 
• uterus (if distended) 
• bladder (if moderately distended with urine) 
• prostate gland (only if grossly enhl,rged) 

RlCt,/ 'Xlm/n,l/on 

A rectal examination should, if possible, be per· 
fonned on every sick animal and cert;tinly in 
every middle-aged male dog as part of a full 
physical examination, It should be combined with 
a simultaneous single-handed palpation of the 
caudal abdomen to include the following: 

• Direct digi t11 examination of the rectal mucosa 
and anal sacs (check for perineal hernias, 
rectal diverticulae, rectal polyps or rumours, 
anal sac impaction, abscessation or tumours) 

• Palpation per rectum of the prosute gland, 
bladder neck, pclvic urethra, uterus, cervix and 
dorsal wall of the vagina 

• Note the consistency of faeccs and presence of 
any blood 

I THE INITIAL PROBLEM LIST 

The initial problem liS! eonsisll of problems 
which have been identified from the history, 
dinical examination and rcsulu of preliminary 

laboratory sertening tests. To begin with, it is best 
if each problem is listed separately in chronologi
cal order. This ensures that problems which .:It 
first sight appear to be unrelated to the mllin pre
senting complaint arc not forgotlCn and can be 
recalled if the need lIriseS li t a Illter stage of the 
investigati,'e process, It may also be helpful, par
ticularly with the more complex cases, to establish 
a priority list of high and low priori ty problems 
AI this sillge il is often a good idell to review the 
problem list with the owner. This ensures that the 
owner has an insight into the complexity of the 
case and is aware of the high priority problems 
which warrant the most urgent au ention. 

When listing the problems, each problem 
should be stated 3t its highest level of refinement, 
j,e. its current level of understanding. Care should 
be taken not to overstate a problem or group of 
problems. A problem may be defined in one of 
four different forms: 

I. A problem identified from the history or a 
clinical sign (e,g. pica, polydipsia, anorexill, 
altered behaviour, etc.) 

2. An abnorm.:lliaboratory finding (e.g, increased 
blood urea, leucocytosis, persiste-nt prolein
uria, elc.) 

J. A pathophysiological process or syndrome 
(e.g. lInaemia, uraemia, nephrotic syndrome, 
etc.) 

4. A specific diagnosis (e.g. keratoconjunctivitis 
si'al, perinelll hernia. valvulllr endocardiosis) 

Having identified the problem(s), an ammpt 
should be made to localize each problem to II 

specific orglln or bod)' system. To this end, it is 
usually possible to re-fine and condense the list of 
problems under investigation. For example, prob
lems which lack specificity 2nd which C2nnOt be
localized to one system (anorexill, weight loss, 
lethargy, etc.) clln often be grouped with prob
lems such as vomiting or diarrhoea which 2re 
more likcly to refl ect specific organ dysfunction. 
Since polyuria and polydipsia gcnerally occur 
simultaneously (in most Clues polyuria is 
secondary to primary polydipsia) it is logical to 
consider the two problems as one. It may also 
be possible to group together problems which 
relate 10 the same body system or which arise 
from a common underlying p;l thophysiological 
mechanism. For example, cry the-rna, exudation 
lind crusting may be grouped together as one 
problem (moist exudati\'e dermatitis), Groupi ng 
problems in this way is hclpful in th.:lt il ;llIows a 
clinician to be more selective in formulating 
his/her initial dill gnostic plan. 
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As a case progresses, additional problems may 
be added to the problem list and it may be possi
ble to condense and refine problems which have 
already been identified. For example, an initial 
problem list in a middle-aged male Dobermann 
may consist of nve separate problems (exercise 
intolerance, weight loss, non-productive cough, 
4/6 systolic hean murmur and tachycardia). If 
thoracic radiography subsequently reveals gener
alized cardiomegaly and evidence of pulmonary 
offiema, the problems may be refined and 
grouped as one, in this case. the syndrome of con
gestive hean failure. The problem list therefore, is 
constantly re-defined and amended as the results 
of funher diagnostic procedures b«ome avail
able, until a specific diagnosis is reached. 

A master problem list should be placed at the 
front of the patient's record. This consists of a 
numbered list of e\'ery problem, active or 
resolved, preferably in chronological order. The 
date of onset and resolution of each problem 
should be recorded on this sheet. In most cases the 
master problem list is a condensed version of the 
initial problem list since it may list diagnoses 
rather than separate problems. One advantage of 
such a list is that it helps colleagues who are not 
familiar with the case to gain an immediate picture 
of the patient's past and present medical history. 

I FORMULATING A PLAN 

This is one of the most critical steps in the inves
tigative process. A plan of action may be divided 
into three components: (I) a diagnostic plan, (2) a 
therapeutic plan and (3) client education. 

• Diagnostic pia. 

Initially it may be n«essary to draw up a plan for 
each problem identified, concemrating on the most 
seriow problem(s) first. The differemial diagnoses 
or rule-outs for each problem (or group of prob
lems) are listed in d« reasing order of probability. 
The aim of the ini tial diagnostic plan should be to 
confirm or rule out conditions which appear either 
at the tOP of the list or as differemials for more than 
one problem. Having considered the potential 
pathophysiological mtthanisms responsible for 
tach of the problems under investigation, the clin
ician must then decide which laboratory tests or 
diagnostic procedures are the most appropriate. 
Funhermore, from an owner's point of view, il is 
imponant that the tests selected are cost-effective. 

INTROOUCTION TO MEDICAL PROBLEM SOLVING I 11 

Therefore tests whi~h specifically rule in or out the 
differential diagnosis in question should be chosen 
in preference torhose which are more likely to yield 
equivocal resul ts. With life-threatening problems, 
it may be necessary to investig:ue several possible 
diagnoses simultaneously, e.g. acute renal failure, 
diabetic ketoacidosis, liver failure, hypoadreno
corticism and pyometra are possible differential 
diagnoses for a severely dehydrated, semi
comalose middle-aged bitch which is presented 
with a history of vomiting, polydipsia, polyuria 
and depression, and each differential must 
be investigated accordingly. Each test or procedure 
to be performed should be accompanied by a tick
off box in the medical r«ord. 

• Therapeutic pia. 

The therapeutic plan should state the goal of ther
apy and whether the therapy is specific, sympto
matic, 5upponi\'e, or simply palliative. Details of 
treatment r«eived should be rttorded in the 
medical r«ord, i.e. medication, dose, frequency 
and route of administration. Details relating to 
inlravenous fluid therapy and urine output, e.g. 
type and volume of fluid to be administered, rate 
of administration, cumulative totals for fluid 
recei\'ed and volume of urine produced, are best 
recorded on a separate form. Ideally, treatment 
should be withheld until the cause of the problem 
has been accurately identified since some drugs. 
most notably glucoconicoids. significantly influ
ence the results of biochemical tests, thereby 
making the interpretation of results considerably 
more difficult. Where this is not possible, for 
example in an animal which preSents with life
threatening signs, an attempt should be made to 
obtain all the necessary diagnostic specimens (e.g. 
urine, blood, samples for bactenological culture 
etc.) before treatment commences since this may 
provide useful baseline data to compare with 
post-treatment laboralOry results. 

• Client education 

The final part of the plan involves keeping the 
owner fully informed on the animal's progress 
(response to Iherapy, results of tests, diagnosis, 
prognosis), and/or any new problems which may 
have arisen. Not least of all an owner of a hospi
talized patient should be provided with a written 
estimate of the costs likely to be incurred at each 
step of Ihe investigative process. 

Avtor 0 zas~ te 10 gradivo 



12 I PROBLEM-ORIENTED MEDICINE 

I ASSESSMENT AND PROGRESS NOTES 

Each problem should be eval uated separately at 
appropriate intervals (usually once daily for hos
pitalized patients but the frequency will depend 
on the severity and nature of the problem, and 
also the ra tc at which haematological, biochemical 
and other physiological p31":1.meters change). The 
progress notes should be organized using either 
the SOAP or DAP formats outlined below. 

The SOAP format consists of fou r sections: 

1. Subjective data: Record history obtained from 
the owner and subjective observations sueh as 
changes in ment;}] attitude, activity, appetite, 
etc. Is the animal's condition improvi ng, 
remaining stable or deteriorating? 

2. Objective data: Record objective clinical infor
mation, i.t". clinical findings (include norma.! 
findings if necessary) and the rt"sults of labora
tory tests and special examinations. 

3. Assessmt'm: Interpret the significance of (ht" 
subjccti,'e and objccti"t" data paying particular 
anemion to new abnormalities or complica
tions which may have arisen. If appropriate re
evaluate the prognosis. 

4. Pian: Updatt" ;md/or revise the diagnostic and 
therapeutic plans on the basis of the above. 
Update the owner with re-gard to the animal's 
progress. 

The DAP (Data, Assessment and Plan) system 
is essentially a condensed \tersion of the SOA P 
format. The sections contai ni ng the subjective 
and objective observations arc combined into 
one section (0 for Data). By repeating the 
SOAP (or DAP) systcm on a daily basis, the 
clinician is forced to usess each l cti"e problem 
in a logical and organized manner until the 
problem is either resolved or no further 
progress can be made. 

I DISCHARGE SUM MARY 

A discharge summary should be preparccl for the 
owner and. if appropriate, the referring "elerinary 
surgeon. This should include the diagnosis (or 
[entative diagnosis), details of therapy (and 
response to therapy), prognosis and ldvice con
cerning the short-term and long-term manage
meO[ of the patient. 
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Anorexia and Polyphagia 
J. K. Dunn 

I REGULATION OF FOOO INTAKE 

In veterinary medicine the te:rms ap~li te and 
hunger are often used syno nymously. Appttitt, 
defin«l as a desire for food, is cucntially a 
psychological process which is sti mulated by the 
sight. smell and thought of food and :lccompanicd 
by the fl ow of uliva in the mouth and gastric juice 
in the stomach. In contrast, hunger can be dd lncd 
as an excessive desire for food and is a normal 
physiologic:!.1 responSt to meet th(' body's 
demand for more food. Sat;elY is the opposite of 
hunger and represenU the sensation that occurs 
after eating ;a meal which fulfils the energy ;and 
nutritional requirements of the animal. 

Food intake is regulated by internal (c('ntn.!) 
and peripher.tl control mechanisms. These 
include: (1) mechanical stimulation of the gastro
intestinal tract; (2) hormonal responses to the 
sight, smell and ingestion of food; (3) body stores 
of fat and glycogen, and (4) ovarian and testicular 
hormones. In addition food intake is modified by 
several external factors including environmenu l 
temperature. 

Food intake can be divided into two phases. 
First, initiation of feed ing is due to physiological 
stimulation of the appetite centre located in the 
ventrolateral hypothalamus. The feeding centre is 
activated by a1pha-adrenergic mechanisms and 
inhibited by beta-adrenergic and dopaminergic 
input. The satiety centre directly inhibits ac tivity 
of the feeding centre. The onse! of feed ing is 
brought about by a reduction in negative sign;als 
from the sati tty centre to the appetite centre. 
Lesions which destroy the fceding ceOlre le:.ad to 
progressive anorexi;a ;and weight 10$$. 

Second, termination of feeding is due to 
increased activity of the satiety centre rep~nted 
by a group of nuclei in the ventromedi;al hypo
thalamus. Lesions which de5lroy the ventro
medial nuclei result in a voracious ;appetite. The 
5;atiety ceOlre receives input from preabsorptive 
and posubsorptive receptors. Pre;absorptive 

receptors arc located in the oropharynx, sto01;ach 
and intestines. Mechanoreceptors respond to gas
tric filling and generate afferent vag;!.1 impulses to 
the satiety centre. Postabsorptive signals to the 
s;!. tiety centre arc thought to arise prim;!.ri ly as a 
result of :lherations in glucose metabolism in the 
liver, mul-induced incre:lSes in insulin concentra
tions :lnd insulin:gluc:lgon ratio, and possibly :llso 
postprandial changes in amino :lcid b;!. lance. 

• Factors regulating food Intake 

Both the appetite and satiety centres are influ 
enced by higher centres in the cerebn! cortex 
which upl:lins why feed ing behaviour may be 
modifi ed by p:lin, or the stress or anxiety related 
to alterations in an animal's daily rOUline or 
immtdiate surroundings. F;actors which influence 
calorific balance may be expected to influence 
food intake. In the shon term, a caloric deficit 
promotes hunger and caloric excess activates the 
satiety centre (sec Chapter 3 on weight loss/gain). 
O ther factors which arc known to influencc food 
intake include alterations in taste and smell sen!a
tion, basal metabolic n te, body temper.ature, 
plasma conceOltations of glucose and amino acids. 
and the central nervous system concentrations of 
neurotransmitters, such as serotonin and its pre
cursor tryptophan. Several hormones (e.g. insulin, 
glucagon, growth hormone, thyroid hormones 
and oestrogen) and gut peptides, rdcued during 
fred ing. h:lvC :lIse been implicated in :lppetite 
control. for ~ample cholecystokinin is known 
to promote u tlety. 

I ANOREXIA 

Anorexia refers to ;a complete loss of appetite 
and/or disinterest in food. Inappetence infcrs a 
partial loss of appetite or depressed food intake 
{the term partial anorexia is also sometimes used 
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in this COntext). Anorexia may lx- psychologicJ.l, 
physiological or pathological in origin. Many 
diseucs cause anoruia by interfering with the 
normal neural, humoral and mechanical control 
mechanisms which regulate food int.tke. 

• Classification 

Prim,ry ,norexl, 
Primary anorexia implies either some disease 
process acting directly on the hypothalamic 
appetite centre, e.g. an expanding hypothalamic or 
piluit;lry tumour, or the presence of some psy· 
chological factor which interferes with the neural 
control of feed ing. In contrast to humans where 
anorexia nervon is a relatively common disorder, 
primary anorelCia in small animals is uncommon 
or at leut rarely diagnosed . For example a hypo
thalamic tumour is probably unlikely to be diag· 
nosed as a cause of anorexia until it expands to a 
point that it resulu in other signs of neurological 
dysfunction. Psychological factors resulting in 
'Stress' such as a change of home or new environ· 
ment (especially (:au ). a sudden change in diet to 

one which is less palatable. alterations in daily 
rouline. fear. anxiety. eICci tement or severe pain 
may influence food intake and should be consid
ered ;t5 p05sible causes of allorexia particularly in 
thc absence of more specific clinical signs. 

SB&ondary ,no",la 
Most cases of anorexia in smail animals occur 
secondary to some other diseuc process which 
affects the neural and endocrine regulation of food 
intake. The net resul t is decreased stimulation of 
the appetite centre or increased acti \'it)' of the 53ti· 
ety centre despite the fact that the animal may 
already be in a state of negative caloric or protei n 
balance. Cases of sccondary anorexia areof ten ;uso
dated with other clinical signs in particulu yom· 
iting and diarrhoea. Most disorders which result in 
nausea or vomiting also cause anorexia or inap
petance implying that the feeding conu ol centres 
and the vomiting centre. which is also located in 
the hypothalamus. may lx- interconnected. Cancer 
is an impomnt differential diagnosis which should 
be ruled out in any animal presenting with chronic 
anort'Xia and weight loss (see Chapter SO). Most 
patients with cancer become anorectic (n ncer 
cachexia). Sometimes anorexia may develop only 
during the terminalst'age of the disease whereas in 
others it may be the primary complain t before other 
signs of cancer become apP;J. rent. It has been shown 

that some tumour-bearing experimental animals 
have high CNS levels of the neurotransmitter tryp
tophan which together with othu peptides are 
thought to inhibit the feeding centre. 

Primary or sccondary anorexia should be dif
ferentiated from causes of pseudoanortxia where 
an animal shows an interest in food but is either 
unable to eat due to a problem affecting prehen
sion, mastication or swallowing, or is reluctam 
to eat because it elicits pain. Causcs of 
pseudoanorexia should be readily identifitd on 
the b;uis of tht' history and clinical examination. 
They include oropharyngeal disease (tooth root 
abscess, se\'ere periodontal diseuc and gingivitis, 
buccal ulccration. foreign bodies). maxillary! 
mandibular fractures or temperomandibular joint 
luxation. hypoglossal or mandibular paralysis. 
temporal myosilis. tetanus and oesophagitis. 

Common causes of primary and secondary 
anorelCia are lined in Table 2.1. In most cases of 
secondary anorexia tht' eIC:;!ct p:uhophysiogical 
mechanism is uncert'ain. 

I INVESTIGATION OF ANOREXIA 

The main objective of the investigations should 
be to identify the underlying cause using an 
approach that is both logical and COSt effect ive. 
Since anorexia is a non-specific finding, emphasis 
shou ld be placed on attempting to identify addi
tional significant historical. clinical or laboratory 
findings tow:.rds which more specific invt'stiga
tions may be directed. 

I§~I HISTORY CHECKLIST 

Q Durallon? 

o Ae:companled by wel llhllOH? 
If the answer is yes, may reflect degree of 
chronicity. 

Q Chanlle lO leu palatable (tow calorie) diet? 

o Amount led and lrequeney olleedlnll? 

Q Breed and nervous disposition? 
Some oriental breeds of cat are fussy caters; highly 
strung dogs may have variable appetites. 

Can animal prehend , chew and swa llow load 
normally? 

o Dlher clinical signs 01 syslemie disease? 
E\'idence of systemic disease such as lethargy. 

o 



Table 2.1 Causes of primary and secondary anorexia 

Prim.ry .norexl. 
Neurological dysfunction 
Destruction of tlie appelile centre, e,g by an expanding 
pituitaI}' Of hypothalamic tumour 
Increased IntraCflncal pressure (hydn)(:ephalus or cerebral 

"""""I 
AlIered smelt or taste sensation 

PsychOiogiul facfors 
SUdden change 01 diet (less palatable tood) 
Change In environment 
Altered daily routine 
Excitement, fear, anxlety, stress 

Second.ry 'norllia 
Fewr (anorexia possibly mediated by endooenous pyro· 
gens such as tumour necrosis laClor, Interlerons and 
interleukil'l· t ) 

Pain (especially severe abdomlnal pain) 

Toxins/clrvgs 
Bacterial endotoxillS, e,g pyometra 
Endogenous toxins released in association With uraemia, 
hepatic tallure, ketosis (keloacidotic dlabe!lc) 
Exogenous toxillS (cardiac gtycosides, chemotherapy Wlth 
cytotOXIC agents; anorexia. may be associated with 'o'OmIting 
and nausea via a dlfl~CI actiOn ot the drUij on the chemore
ceplQl' triOger lone in the medufta obloooata) 

InfectIOuS disease (may be associated WIth fewr, endo· 
toxaemia elc.) 

Inflammaf/onlneopiasia 01 abdomlflallllscera, e,g stom· 
ach, small and large Inteslme, kidneys, pancreas or IIwr 
(may be associated WIth paln and vomiting) 

Dis/ension 01 stomach Of small in/es/me, e,g loreign 
body obstruction (probably associated with pain and 
vomiting) 

Uterfne enlaf{lf!menl/d/$/ension, e,g. late pregnancy or 
pyometra (With the laner, releasa 01 toxins may con· 
tribute to anorelll3 and Yomlling) 

Endocrine and melRboIic dlSOfders, e_g, hypoadrenoconl' 
cism, hypercalcaemia, hepatic lipidosis in cats 

NeopldSia (Cdncer CdChenJ) 

High fflviron~fIIl lemlMfi)/ures 

Miscellaneous dis«ders 
cardia<: lallure (carcfl3C cachexia) 
Molion sJcknesslinner ear disease 

fever, vomiting/diarrhoea, pain, pol ydipsi.tl 
polyuria. oculonasal discharge, cough or respi
ratOry distress, eNS signs or altered bcha\"iou r 
may help to localize the cause of the anorexia. 
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o Change in animal', envilllnment or dally llIutine? 

o Rlcord details of previous tre. tment or currenl 
mldlcalion, e.lI. digtlllil or cytotollc .gents. 

1'iY1 PHYSICAL EXAMINATION 

Since anorexia is a non-specific sign of so many 
different disorders a full physical examination is 
absolutely essential in attempting to establish the 
cause, particularly in cases where anorexia may be 
the sole presenting complaint. The presence of 
additional signs of localized or systemic disease 
may provide vital clues and almost certainly will 
be helpful in determining the direction which 
further investigations should take. The animal 
should be weighed on a regular basis. Anorexia 
accompanied by progressive weight loss and/or 
fever often indicates the presence of systemic 
disease. 

It is important to rule out immediately those 
conditions which interfere with the mechanical 
processes of prehending, chewing or sW<lilowing 
food. If necessary food may be offered [0 confi rm 
that there is no desire to eat. A full physical 
examination should include detailed e)];amination 
of the following: 

• Check the oral cavity for pain on opening 
nlOuth, tooth root abscesses, fractured teeth, 
periodontal disease, stomatitis. gingivitis, 
buccal or lingual ulceration and foreign 
bodies. 

• Check the bones of the face, mandibles and 
the muscles of mastication (for fractures/ 
dislocations and p3.inlswelling over temporal 
muscles). 

An initial diagnostic plan fo r the patient with 
persistent anorexia should incl ude the following: 

• Full routine haematological examination 
• Complete biochemisrry screen 
• Urinalysis 
• Lateral radiographs of the thorax and abdomen 
• Feline leukaemia virus and fcline immu no

deficiency virus assays in cats 

Additional tests are based on the history, clinical 
findings and resul ts of the initial database 

• Symptomatic therapy 01 anorexia 

Symptomatic therapy of anore)];i3. or inappe
tence is only indicated if the cause cannot be 
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:l.Scc:ruin~. i.e. :mim2ls which arc nOt showing 
clininl or bOOr:Hory evidence of syStemic 
d ist2U'. 

Appetite rna)' be stimulated in the following 
ways: 

I. Improve the odour of the diet for cx.1mplc 
the ;tddition of luna. sardines. I)r l \'Y etc. may 
nimul:uc the appetite of the (ussy caler. 

2. B complrx vit:l.mins either per 05 or by injce-
-lion. 

J. Dincpam (0.25 mg kg" body wcight once 
daily). 

Dchydr.ttion and ;lny underlying electrolyte o r 
acid-buc diSlurb2nces should be corrected 
bdorch;l.nd. Nasog:utric or ph;aryngoslomy tube 
fceding should be considcrcd when anorexia is 
pcnislcru and the metabolic cons~ucnccs of nOI 

eating become life-threatening, for cumpic the 
C:II with hepatic lipidosis. 

I POLYPHAGIA 

Polyphagia can ht defined ;u a 11l\'CnOU5 o r 
voracious appnit~ which resulu in th~ ingestion 
of food in quantities in ~xcess of th~ calcul:&ted 
nomlal intake. It should be diff~rentiated from 
pica which is Ih~ craving for abnormal sub
stances such as soil or paper. Polyphagia may 
b~ psychological. physiological or pathologic;ll 
in origin and can be classified as either pri m:uy 
or secondary. 

• Primary polyphagia 

Polyphagia is th~ result of increau·d activi ty of 
the feeding centre and inhibition of th~ sa t i~IY 
c~ntr~. L~sions which deslroy th~ ventromedial 
hypothaiJ.mic nucl~i. for ~xampl~ hypothalamic 
tumours, arc rarc causes of polyphagia. 
Overft«li ng can be regarded :IS a psychological 
form of polyphagia and is the most common 
cause of obesity in small animals. Undcr normal 
circumstances a positivc caloric balancC' would 
aclivatC' thc 53liC'I)' cC'nllC'. In obesC' dogs thC' 
normal conlro\ mec.hanisms fail and affC'CtC'd 
animals continue 10 C'at C'xccssivC"ly C'vC'n in thC' 
facC' of incrc;ued body fat deposits. The reuon 
for this failure of ncgative feedback on the 
appctitc centre is not known but Ihe fact that 
cC'nain breeds of dog h;lvc a tendency to 
bC'Comc obese suggests a gcnetic prcdisposition 
(sec Chapler 3). 

• Secondary polyphagia 

Disnses that eithu induce a ncgative caloric 
balance (e.g. maldigestion/ malabsorption syn
dromcs) Of increase basal metabolic rate (e.g. 
hyperthYfoidism) result in secondary polyphagia. 
In these cases polyphagia is p:llhological a~d 
represents a compenuwry response to sust:un 
increased nutrilional requi rements and mainl.:!.in 
body weigh t ( r ;lble 2.2). This compensatory 
mechanism is gener.llly inadcqu.ue and the 
polyphagi;l is USU;ll1y ;lccompanied by a variable 
degree of weight loss and musclC' wasting. An 
appropriate physiological incrc;uC' in appetite may 
occur in respons~ to gC'slalion, lactation. Strenu
ous exercise and txposure to cold environmental 
temperatures. Certain drugs such as glucocor
ticoids. progeSl'agens (e.g. megocstrol acetate). 
diazepam and the anticonvulsive agents pheno
b:.trbitone, priOlidone and phenytoi n arc also 
potent appeti te stimulanu . 

I INVESTIGATION OF POLYPHAGIA 

O\'erfecding. o hen usociated with insufficient 
exercise, is thC' most common cause of weight gain 
and obesity in small animals. In most cases where 
polyphagia is associated with progressive weight 
loss thc history and physical examination will usu
ally provide cvidence of additional problems. The 
next pll rt of the investigation elln then be directed 
towards ruling OUt di~;ucs which creatc negative 
caloric and/or nitrogen balance or which resull in 
an increased met;lbolic ra te (sec Table 2.2) . 

I §~I HISTORY CHECKLIST 

Q Duration? 

Q A~,ompanled by welllht loss or weillht IIlln? 
If weight loss or muscle wasting, rule out 
disorders which i nc rea~ metabolic rate or which 
create a negative energy balance (maldigestionl 
mab,bsorption syndromcs. diabetes mellitus. 
hyperthyroidism. hyperadrenocorticism). If 
animal has gained weight rule OUt overfeeding. 

Q Has there bllln I thanlle to a mort palltlbte 
(talorle dense) dlel? 

(I Amount led Ind frequency olflldlnll . Table straps 
and ttl-blls? 

Avtlr. ) Z ,.,'.'no 1 0 



Table 2.2 Classilication and causes 01 polyphagia 

Prim • .,. polplllil. 
Dtstructlon ot the ul!ety centre, e g. by i hypOthalamIC 
tumour (rare) 
Overleedll'lg (may be psychOloglcat In OOgln and tile 
tendency to become obese may involve a genetic 
jlfedlsposlllOn) 

S.~nll.ry polplllil. 
PfIysIoJogiuI CJum 
GestallOn 

UCla"" 
Strtnuous exercise 
Exposure 10 cold !I1'o'ifoomental temperalUles 

PathOlogIcal c.Juus 
Disorders Induclng negative caloric balance 

Makllg"lion (e.g. exocrilH! pancreatIC InsuHlClency) 
Malabsorption syndromes (e.g inliltratlV! diseases 01 
the small intestllle) 
DIabetes mellitus 
HyperadrenoconlCism 
1Hypoo1ytaeIT'lUl. I.g. insutmoma 

DIsorders r"uillng in inCreased basal metabole rate 
HypenhyJoIdlsm 
Phaeochromocytoma 

Drug-indiJCfd 
Glucoconicolds 
PrOO"tagens (I.g. megoestrOI acetale) 
AnUconvulsanTs (ptlenobarbilone, primidof)e and 
pherryloin) 
Diazepam 

Other clinical sIgns 01 systemic disease? 
Other elinic;al signs such ;as lelharg)'. exercise 
intolerance, uchycardia, vomitingldi;arrhoea, 
po lydipsia/po lyuri~ ;aiQPc:cia, centr.11 nervous 
system signs o r altered beha\·iour (e.g. irri t;abili ty, 
restlessness) m;ay help establish the cause of the 
polyph;agil . 

o Record detaits 01 previous healmenl or current 
medIca lion 

e.g. glueocorticoids. proge:Sl.lgellS or anticonvul
$l.l1ts. 

1\&1 PHYSICAL EXAMINATION 

The: ;animal's weight should be recorde:d on a 
regu lar b;asis. Polyph;agic animals which lose: 
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weight may be expected to show addi tional 
clinic21 signs consimnt with the underlying dis
order. 

• Di;arrhoea? Consider m;aldigestion or malab-
• sorption. 

• Polydipsia/polyuria? Consider diabetes mell i
tus, hyperadrenocorticism, hyperthyroidism. 

• Alopecia? Consider hypen.drenocorticism. 
• CNS signs o r altered behaviour? Consider 

hypoglycaemi;a or hyperthyroidism. 
• Palpably enlarged liver? Consider dj;abete$ 

mellitus. hyperadrenocort icism or hyper
thyroidism. 

The initial diagnostic plan should consist of 
the following: 

• Full routine haematological uamin;ation 
• Complete biochemical screen 
.. Urinalysis 
• l;ateral radiogr;aphs of the thorax and abdomen 

Wh4!'n polyphagiA is acrompani4!'d by a hinory of 
diarThoea or suarorThoea the following adJitional 
wtJ should be p4!'rformed: 

• F;atcal worm egg count 
• F;aecal culture ;and sensitivity 
• Faecal smears for undigested starch, fat and 

musele fibres 
• Serum trypsin-like immunore;activity (fLl), 

fol;ate: and vitamin BIZ assays 
• ± oral fat, xylose or differenti;al sugaf ;absorp-

• tion tests. 

Additio nal tests may be nece:ssary to investi
gate thyroid function (T. assay m;ay help to 
rule: out hyperthyroidism) and the pituitary
adrenal axis (adrenocorticotropic hormone 
response tCSt or low-dose dexamethaso ne sup
pression tCSt to screen for hyperadrenocorti 
cism). 

• Ma.agemenl 

Symptomatic therapy fo r stcondary polyph;agia is 
not appropriate ;and the main objtctive should be 
to remove o r tr~at the underlying cause. Dietary 
restriction and/or the f«ding of a low ealory/ high 
fibre diet is indic;a ted only when polyphagia is 
;associ;ated with overf«ding and results in obesity. 
Management of obesity is covered in greater detail 
in Ch;apter ], 
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Weight loss and Weight Gain 
P. J. Watson and J. K. Dunn 

I INTROOUCTION 

W~ight 1055 or o~ity occur if the inuke of calo
ries docs not m:uch expenditure. particularly if the 
imbalance is prolonged or the body's nonm.l 
homeostatic adaptation to changes in calorie intake 
fails. Rapid changes in weight n1 :1.y be due (0 

changes in loul body water, such as weight gain in 
ascites or pericardial effusion or weight loss d ue to 
dehydration or diuretic thenpy. Reputed weight 
measurements, although importllOl, must therefore 
be inlcrpreu!d with caution along with other dini
cal findings and a general :l55wmcnt of body con
dition. Weight loss or gain is usually considered 
significant if there is a 10% incrcue or dCCrCl5C' in 
body weight not uwcialoo with fluid eh:mgcs, II 
should be noted Ih:'1 fluid rcu:ntion, such :ls:lscites, 
may mask concurrem weight loss and owners m3y 
confuse nuid retention with obesity. 

Two commonly qUOted measures of energy 
r~uiremt'nt are basa! energy rcquiremeOl (BER) 
and maiOlenanee energy r~u irement (MER). 
MER is about rwice BER in dogs and 1.4 times 
BER in cau. BER is the amount o f energy uJCd in 
thernloneutral conditions following sleep and 
12- 18 hours after food consumption. whereu 
MER is the amount of energy used in thenno
neUiral conditions by a moder.uely active animal 
including the energy needed to obtain and usc 
food in the amounts necessary to maintain body 
weight. It does no t include the energy neooed for 
addi tiona! physical act ivity or production. 

To calcubte aVer:lb'C BER, the following IineM 
approximations may be used (where W '" weight in kg): 

BER (keal day-I) '" 70 +)0 W for dogs 
BER (keal day-I) '" 50 W fo r cats 

Alternatively, the following ~uations for MER 
may be used: 

ME R (kca! darl) = 110 WO'" for dogs 
ME R (keal day-I) '" 70 W for cats or 80 W 
for active outdoor cau 

It should be stressed th;lt any formula is only 2n 
average for the species and individual animals may 
\'ary as much as 30% abo\'e or below this even in 
health. In disease, the variation is even more 
m2rked. 

I WEIGHT LOSS 

Weight lou results from negative caloric bal2nce 
and is usually associ2tcd with depletion of total 
body reserves of nitrogen (lean body mass) as well 
as fat. E\'en in controlled weight loss programmes 
in obese humans 1 s-tO% of weight loss is $.1id to 
be lean body mass. In conditions causing hyper
meubolism (trauma, many systemic d iseases. 
stress, burns, neoplasia) loss of lean body man is 
even more significant. Weight loss is therefore of 
conccrn cven in an obese dog or cat, especially if it 
has concurrent diseuc. 

Emaciatio1l is the tcrm used to describe a state 
of ~vere weight loss induced by prolonged mal
nutrit ion o r undernutrition. 

Cachexia describes the general physical wasting 
and malnutrition associated particularly with 
malignancy (cancer c.1chexi;a) and chronic conges
tive cardiac fail ure (cardi.1c c;achexia). The precise 
pathophysiological mechanisms c;ausing it ;are 
not undcrstood although humoral ractors ;and 
.1norexia, inustiu ;al m;alabsorption, uncoupling or 
metabolism by tumours, hypoproteinaemia and 
poor tissue perfusion C2using tissue hypoxia have 
all been impliC2ted. The pre~nce of cachexia is a 
poor prognostic indicator in both neoplasia and 
heart hilure. 

• Causes 01 we ight loss 

Many conditio ns m;ay result in weight loss and it 
is most appropriate to d i\·ide the causes into the 
following categories (fable 3.1): 



Tablt 3.1 Causes 01 weight loss 

tgdlqU.11 Intlkl 01 nulrllnts 
Primary causes 
Poor quality die!, l.1. low calorie. low protein or poor dlgestibihty 

WEIGHT lOSS ANO WEIGHT GAIN I 19 

NlItritionally acceptable diet In Inadequate amollnts lor normal animal 
Nutritionally acceptable diet in inadequate amounts IOf stal)e olllle Of lilestyle 

Note: MER and thus dally calorie requirements are increased by apprO)umate amounts sllOwn in brackets 
Pregl\ancy (1.1-1 .3 MER durlllg last trimester In dog; up to 1.25 MER cat) 
Lactation (2.0-4 0 MER durlno peak Lactation) 
Growth (1.2-2.0 MER depending on stage and breed) 
Strenuous exercise (up to 4.0 MER IOf sled dog) 
Cold (1.25-1.75 MER) 
Haat (up to 2.5 MER in tropical climates) 

Secondary c.1US6$ 
tnability to prehend, Chew or swallow lood (orophaJyngeal disease, e.g glossopl\arynoeaJ 01 mandibular paralySis: 
mandlblliar/maxillary Iractures; temporomandibular luxation: sewre periodootal Of looth disease, gingivitis or stomahtls: 
oropharyngealloreign body or neoplasia: temporat myositis; cricopharyngeal achalasia) 
Nausea and vomltillg (see Chapter 5) 
Regurgitation (megaoesopl\agus, oesophagitis. oesophaoeal obSlluction) 
Anorexia or inappeteote associated With dill!) therapy or localized 01 systemlt dtsease (see Chaj)ter 2) 

lnerl ... d IUrttilm rtquiremlnb dUI to p.lholollr 
Reduced nulri8n! assimilation 
Maldigestioo (exocrine pancreatic insuHlcIency. bIle salt deliciency or Gegradation 01 bite salts by sman inteshnal bactertal 
overgrowth) 
Malabsorption (Inllammatory or neoplastic inliitration 01 the small Intestine, vascular conoestlon, may Octur as a component 01 
cardiac and cancer caChexia) 
'Short bowtl syndrome' (malabsorption arK! maldlgeslion lollowlng extenslY! resectiOn 01 small intestine) 

Inc~s~d nutrient metabOlism and/or im{JJired synthesis of body prolein 
Hyperthyroidism 
Diabetes meUitus 
Hypermetabolism due to trauma. suess or systemic disease 
Pyrexia (13% rise in BER lor every 1·C 1emperature Increase) 
NlIOplasia (cancer cacheXIa) 
Congestive IleaI1lailure (cardiac cachexia) 
Chronic liver disuse (decreased syntllesis 01 albumin and globulins excePllillobulins) 
Pl\aeochromocytoma 

Inctedsed nutritn! loss 
Protein· losing enteropathy (IymphallgieclaSia.lymphDSarcoma anc! severe inflammatory bOI'tel disease. both albumin anc! gtob' 
utin IraCIJons lost) 
Protein· losing nephropathy (glomerular disease: mainly albumin lost) 
Chronic blood loss (serum proteins IOSI) 
Sewre burns (serum proteins lOst) 
Severe pyoderma (serum proteins lost) 
Orainillg purulent conditions, e.g. pyothoru (serum proteins lost) 

1. Feeding a diet insufficient for normal physio
logical needs 
(a) Feeding poor quality, low calorie, low 

protein o r poorly digestible diet to normal 
animal 

(b) Feeding insufficient amounts of nutrition
ally acceptable diet to a normal dog (a and 
b amount to neglect or ignorance and are 
uncommon) 

(c) Failing to provide the necessary increase in 

calories and protein for a demanding stage 
of life (pregnancy, lactation, growth, hard 
work, extremes of cold or heat). 

2. Impaired desire or ability to cat (sec C hapter 2) 
3. Increased nutrient requirements due to a 

disease process 
(a) Reduced nutrient assimilation 
(b) Increased nutrient metabolism and/ or 

impaired synthesis of body protein 
(c) Increased nutrient loss 

AvKlI:;.ko £as~ eno gradrvo 
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• Consequences 01 welghlloss 

In a normal fasting animal, the reduction in 
blood glucosc caused by ncgative caloric ba1;mce 
leads to a reduction in insulin secretion which 
causes reduced conve-rsion of thyroxine (Tot ) 
into the more active- ui -iodothyronine ( D ). 
This results in a lowering of basal meubolic 
rate- so reducing the caloric requirement. The
concurrent increase in circulating glucagon 
caused by hypoglycaemia stimulates hep:uic 
glycogenolysis and glucose- rdease, hepatic glu
conrogcnsis (rom amino acids, lactic acid and 
glycerol, and the release of glycerol and fatty 
acids from fat SlOre! (lipolysis). Lipolysis is 
facili tated by the reduction in insulin secretion 
and fatt y acids are conven ed in the liver into 
ketone bodies which can be used as fuel. 

If fasting continues, glycogen resen 'es arc 
depleted rapidly (within a few days in humans 
but faster in dogs and cats). Body protein is 
thcn initially used as the main source of energy. 
Over about a week, there is a gradual change to 
using slOred fat as the predominant fuel because 
incre35ed blood ketone levels induce enzyme 
changes in peripheral tissues, including brain 
and heart. to incrcase- ketone- body usc and 
reduce glucose usc. There is a cominued, mod
erate protein loss mainly to provide glucose for 
obligate glucose users (red blood cells, renal 
medullary cells, nervous tissue and fibroblasts in 
wound repai r) bUI protein does not become the 
predominant source of energy again unti l late in 
the course of fasting when all fat reserves have 
been used. The animal is suffering severe mal 
nutrition by this stage. 

Unfonunatc1y in many animals with weight 
loss, nOt o nly is there negative caloric balance 
but also concurrent stress, injury o r d isease 
which accelerates loss of lean body mass as a 
result of ' hypermeubolism'. The reduced intake 
or increased loss of calories in these animals 
starts the same metabolic changes described 
above bUI thC' neuroendocrine responses to 
StrC'S5 counteract thC' down-regulation o f basal 
mctabolic rate. Sympathetic nervous system 
stimulation and release of catecholamines, 
adrenocorticoids, glucagon and growlh hor
mone act to Stop the reduction in conversion of 
Tot into TJ and cause increased glucose produC'. 
tion from glycogen and protein, increased lipol
ysis and increased protein synlhesis for tissue 
repair. Hypermet:.bolic animab are often hyper
glycaemic and peripherally insulin resistant in 
spite of negati\'e calorie b.llance. There is an 

increase in the rate and depth of respira tion and 
oxygen consu mption (due to increased fat oxi
dation) and increased heart rate. Blood is 
shunted from the spleen and splanchnic areas to 
the brain and muscles and card iac OUlput may 
be increased 2 to 3 times. In addition, if the 
animal is pyrexic. its energy requirements are 
increased by an estimated 13% per degree cemi· 
grade temperature rise. Fibroblasts in healing 
wounds and many neoplasms have increased 
glucose requiremems, which they metabolize 
anaerobically to prod uce lactic acid . 

T herefore, animals in neg:ltive energy balance 
with concurrem di sease have increased protein 
and fat requirements compared with normal 
:lnimab. T hey cannot supply all their caloric 
needs with carbohydrate due to metabolic 
changes includi ng peripheral insulin resistance. 

In animals wilh weight 1055, muscle protein 
breakdown occurs more slowly than changes in 
other body proteins, so by the time muscle loss is 
obvious clinically man)' other important physio· 
logical changes have occurred. There is no 'stored 
protein' in the body so any protein loss involves 
the use of structural or functional proteins. About 
half of body protein is in a statc o f dynamic flux 
and is relatively metabolically labile. This is used 
first and includes plasma, visceral and muscle 
protein. The other half is relalivc1y metabolically 
stable and is found in bones, ligaments, tendons 
and cartilage. T his prolein is not used until weight 
loss is marked. In the fi rst few days of negative 
calorie balance, liver and plasma proteins are lost 
and there is a marked reduction in hepatic protein 
synthesis. T hcn. protein is takcn from the gastro· 
intestinal traI'l resulting in a reduction in mass and 
enzyme aCli vit)' and an increase in inlestinal Iran· 
si t time. The immunc system is also affected rela· 
lively earl y in the course of weight loss. There is 
depression of humoral immunity with a reduced 
ability to synthesize antibodies, panicularly IgA 
and reduced interferon svnthesis. There is a 
reduclion in cell-med iated immunity with fewer 
T lymphocytes. T he barrier functions of Ihe skin 
and mucosal surfaces arc di srupted and inflamma
tory responses are reduced. There is a reduction in 
the le\'els o f most complement proteins except Cot 
and reduced leucocyte mobi lity and bactericidal 
ac tivity. Skeletal muscle is o nly affected after 
these other changes arc underway with reduced 
synthesis and increased degradation of muscle 
protem. 

Weight loss may therefore lead to serious 
changes in the immune system and viscera which 
may significantly impai r reco\'ery from surgery 
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and disease and lead to funher complications. 
Hypermetabolism was said to have contributcd to 
more than 85% of deaths in a human surgical 
intensive care unit (Donoghue, 1989) and patients 
with tumours and concurrent c:lchexi:l suffer 
more complications associated with chemother~ 
apy, radiotherapy :lnd surgery than those without 
c:lchexi:l (Hammer, 1994). If an animal has signif
icant weight loss, it is ob\'iously important to find 
and treat the cause and provide suffi cient ulorie 
and protein intake as soon as possible. 

• INVESTIGATION OF WEIGHT LOSS 

A detailed history and physical eX3mination 
should provide important clues to the P3lho
genesis and body system involved. 

I§~I HISTORY CHECKLIST 

o Age. breed . HX 
Growing, pregnant, lactating? 

a Temperament and general demeanour 
Hyperexcitable, nervous. lethargic, depressed? 

a Qu.ltly of diet •• mount led . frequency of feeding 
Is amount fed sufficient for age, degree of physical 
activity 3nd ambient temper:lture? 

a Severity and progression of weight loss7 
Remember to note the effccts of fluid imbalance 

a Appethe 
Depressed, normal or increased? 

a Polydlpsll/polyurl.7 

a VomHinll .nd/or di.nfloll7 

a Exercise Intolerance7 

a Coughlng7 

a Cumnt medlcatlon7 

I~ I PHYSICAL EXAMINATION 

Most chronic infectious, inflammatory or neo
plastic disorders and some meubolic and 
endocrine problems arc characterized by non-
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specific signs such as weight loss, anorexia and 
lethargy. In malign:l.ncy, weight loss may be 
apparent in the early $uge$ before more speci fi c 
cli nical signs develop. This is particularly the 
C:lse with neoplasms involving the gastrointesti
nal tract, pancreas, liver, spleen, lymph nodes or 
bone marrow. Physical examination should 
therefore include cueful and systematic palpa
tion of the abdomen and peripheral lymph 
nodes. 

The initial diagnostic plan for an animal with 
unexplained weight loss should include: 

• Full routine haematologic.al examination 
• Complete biochemical profile including tOial 

plasma protein concentr:ltion and albumin: 
globulin l':IIio 

• Urine analysis 
• Lateral radiographs of chest and abdomen 
• F:l.ecal worm egg count 
• Cats: feline leukaemia virus "nd fcline 

immunodeficiency virus ± fcline eoronavirus 
assays 

Additional tests arc based on the history, clinical 
findings and results of the initial database listed 
above. The reader should consult other Chapters 
for more detailed discussion of common cliniC:l1 
problems that may be associated with weight loss. 

• Symplomal1C Irealme.1 

Management of weight loss is directca primarily 
al correcting the underlying cause. In many 
chronic diseases, weight loss is associated with 
anorexia and it is essential to ensu re these animals 
arc obt;ilining sufficient protein and calories to 
prevent c:l.tabolism and loss of lean body mass 
with the consequences outlined above. This might 
be :l.chie\·«! by feeding a highly palatable, high 
quality food. but it will be necessary to tube feed 
some patients to ensure suffi cirnt intake. In most 
animals, some form of enteral feed ing is possible 
with nasogastric tubes being indicated in the shon 
term 2nd g:tStrostomy lubes for more prolonged 
support. If a diet designed for use in cats or dogs 
is used, vitamins and minerals will be correctly 
balanced to energy inu ke, although extra B vita
min supplementation may be considered in cats, 
particularly if they have concurrent polyu ria as 
urinary loss un be marked in this species. Total 
parenteral nutrition is difficult and potentially 
dangerous and is only indicated in animals with 
severe, inlr:lctable vomiting or extensive gastro
intestinal dise;!.se. The reader is referred to texts 
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on critical care nutrition for more detailed cover
age of tube feeding. 

I WEIGHT GAIN 

Obelity, result ing from the imake of calories 
exceeding expenditure, is the commonest cause o f 
weight gain in small animals and the most fre 
quem form of 'malnutrition' seen in practice, It 
has been estimated that if a dog or cat regularly 
co nsumes 1 % more calories than is necessary it 
will be almost 25% overweight by middle age. 
The incidence v;t ries in different studies and coun
tries but 25-44 % of dogs ;tnd 6-40% of cats seen 
in veterinary practices are o~se (Markwell and 
Bunerwick, 1994). This m;ty overestimate the 
incidence in the general population as obesity pre
disposes anim;tls to a number of diseases, but it is 
clearly a significant problem. Other causes of 
weight gain include increases in total body water, 
large masses such as splenic tumours ;tnd unsus' 
pected pregnancy. 

Humans ;tre defined as obese if they arc 
10-20% above ideal weight with reference to 
optimal height-weight standards. There arc 
utensive data on this in humans but much less in 
dogs (pure-breds only and not cross-breds) and 
none in caLS. It may, therefore, be more ;tppro
priate to define obesity physiologically in small 
animals as a pathological accumu lation of fat 
much in excess of that n«usary for optimal body 
function (Markwell and Butlerwick, 1994). 

• Causes Of obesity 

Obesity may be defined as uncomplicated, result
ing primarily from excessive caloric intake, or 
complicated, arising from other causes. In 
humans, only 5% of cases of obesity are 'compl i
c:ued' and the fraction is probably similar in dogs 
;tnd cats. In other words. most animals are obese 
becau$(' they are fed too much relative to the 
amoum of exercise OT other work they perform. 
Other factors described below, such as breed and 
neutering. may predispose to obesity but the pri
mary caUSf! remains owner- induced overfeeding 
and/ or under-exercising and therefore the pri 
mary cure is to reduce calorie intake and increase 
exercise. Somf! of the owner- related factors prf!
disposing to obesity arc listed in Table 3.2. It is 
imponant to feed each individual according to its 
energy necds and adjust intake as necessary to 
m;tintain a constant weight. Owners often fail to 
do this and also do not takf! into account extra 

Tlble 3.2 Owner-related 'actors predisposing 10 obesity 
in dogs and cats 

failure to adjust tood Intake to Individual calorie needs 
Failure to recognize some lIogs require less lood than aver· 
age (normal variallon) 
Failure 10 recognize reduced needs W1lh age. neutering, 
onhopaedic and Olller diseases re<fuclng exercise 

failure 10 taka into Iccounl additional energy obtalnd 
tram snaus or supplements 

Encouraging appelile/luding behaviour as a "gn ot 
health 
Encouraging begging behaviour 
Standing over animal while II eats (aggressive afhlude 
which may 'loree'lIog to eat when not hungry) 

failure to enrcisl sunicienlly 
InalleQuate exercise lIue 10 lack of lime or owner or ammal 
illness 
Providing tODd as a paliiallVe insteall 01 exerCISI 
Keeplll1l a cat indoors 

Obesity In owne,. toflen related to obesity In dogs) 

cnergy obtaincd from snacks and tit -bits. Exercise 
may be inadequate dUf! to Jack of lime or owner or 
animal illness or unwillingness. and food may be 
provided as a palli;uive to CJ(ercise. It has been 
shown that indoor cats arc more likely to bf!come 
obese than those allowed outside probably due 
to reduced exercise. In addition, owners often 
encourage feeding behaviour, such as begging in 
dogs, which increases caloric intake. Obesity in 
owners has been associatcd with an increased 
incidence of obesity in dogs. The reasons for this 
arc unclear but may include lack of exercise, 
consumption of high caloric tit-biu or failurc to 
recognize obesity in the aninlal as a problem. 

Factors other than owner bchaviour predispos
ing to obesity in dogs ;tnd cats 3re summarized in 
T;tble 3.3. In humans. obesity is recognized as a 
complex phenomenon involving genetic, cultural 
and social factors. Cmnic factors also appear to bf! 
involved in dogs. with some breeds being more 
prone to obesity than others. For eX:l.mple. 
Labrador retrievers, cairn terriers, cocker spaniels. 
long-haired d3chshunds. Shetland sheepdogs. 
Bass~t hounds. beagles and cavalier King Charles 
spaniels appear to be prone to obesity whereas 
Germ;tn shepherd dogs, greyhounds, Yorkshire 
terriers, dobermanns. Staffordshire bull terriers. 
lurchers and whippets ;tTl.' relatively resistant to 
weight gain (Edney and Smith, 1986). Breed inci
dence of obesity s~cms to relate to poor regulation 



TOIl U FactCH'S other than owner beNviour predisposing to 
obesity In dogs and cats 

Dill tH 
Home made diet - tends to be high lal. Iacb conSISteocy In 

calorie content and lack feeding guides 
High sugar diel - IIL/ctose Is used rnare etllclenlly than 
glucose 
High lal dlel -Increases palatability and caloric denslty: lal 
stored and used more effiCIently lhan carbohydrate or 
prolein 

Gltlllk tltion - some breeds 01 dog are predisposed to 
obesity (see text) 

SocIII lm.nttiDftI with DdIIr Mimi" - cornpeIJlion lor 
lood 

Nilltlrl"" - approximately doubles the Incidence 01 obesity 
In cals and dogs 01 both sexes 

... 
Hyperplasia of adipose C1!tls II obese while growing 
Reduced metabo1lc rale and exercise with Increasing age 
encou~ obesity 

of food intake when presented with a highly palat
able diet. which is similar to Ihe behaviour often 
observed in obese humans. It is presently unclear 
whether similar brttd predispositions occur in 
pedigree cats. 

Social inl"actionl with other animals in a 
household may also predispose to obesity with 
2nima.ls eating large amountS quickly to avoid 
competition or dominant anim;als consuming 
anOlher's food. 

NCNuring approximately doubles the incidence 
or obesity in dogs 2nd cats of both sexes. This 
appears to be due to a number of factors including 
rcducro exercisc due to Ie" 'roaming' behaviour, 
loss of the inhibitory effect of oestrogen on 
appetite in sp;ayed bitches and queens, and lower
ing of testosterone levels postcastration allowing 
increased efficiency or food utilization. 

Agl' has an effect on the incidence and conse
quences of obesity. It is important to ensure 
growing puppies and kittens do not become obese 
as overfeeding in the first +-6 months of life m.ay 
cause an increase in the number (hyperplasia) of 
adipose cells as opposed to simply an increase in 
cell size (hypenrophy) which occurs in the 
mature adul!. The hyperplasia is irreversible and 
penn.anently predisposes the ;animal to o~sity in 
later life. Animals require less calories as they get 
older ~c.ause their bual met:abolic rate decre:ases 
due to ;a reduction in lean body mass :and there is 
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also :a tendency tow:ards reduced physical .activity 
with :age. 

Finallr' the type of food fed influenccs the inci
dence 0 obesity, panicularly if the food is given 
:ad lib and the animal is expected to regulate its 
own intake. High f:at diets predispose 10 obesity 
as f:at incre:ascs both the p:al:a l:ability :and c:aloric 
density of the food. Fat is also uti lized :as :an 
energy source: :and Slored as fat more efficiently 
than carbohydr.ue or protein. Incre:asing diet:ary 
sugar also predisposes to obesity. Sugar (sucrose) 
consists of fructose and glucose whereas Slarch is 
composed of glucose only. Fructose is used more 
efficiently th;an glucose so high sugar foods ue 
more likely to cause obesity than high st.arch 
foods. Animals on home-made diets .are more 
prone to obesity u the constituents tend to be 
high in fu and the ingredients, :and thus calorie 
COntent, bck consistency from d;ay to day. In 
:addition, manufactured foods ue sold with feed
ing guides for average dogs whereas homemade 
diets have no guides m;aking it difficult to estimate 
daily requirements. 

The factors described above all increase the risk 
of 'uncomplicated ' weight g.ain. 'Complicated' 
obesity, secondary to systemic disease or drug
induced, is uncommon but must be ruled out ~fore 
contemplating a weight reduction programme. The 
1.auer is unlikely to be successful in these cases 
unless the primary c.ause is treated. The common
est causes of complicated obesity are listed in Table 
JA. Endocrine causes include hypothyroidism in 
dogs which causes weight gain by reducing the basal 
metabolic rate, hyperadrenocorticism in dogs and 

Tab113.4 Causes of complicated obesity 

Endocrln. disDrhrs 
HypolhyrOl(hsrn (dogS: cats only 'oIlowing brlalml 
thyroidectomy and rafe congenital cases) 
HyperadrenocortICIsm (dogs and cats) 
Insulmoma (dogs and very rare cases in cats) 
Acromegaly (dogs and cals) 
Hypogooadism (dogs and cats) 

Dfug·ill4tlcld 
Pfogestagem 
Gl\.ICOCOftlCOIds 
O""",m 
AntJCOnV\Jlynl$. !_g pflmidooe 

Priml" "",rtipidllmil 

BUIII,..1 dlliruction DI hypDlIl.lamic SllItty cent,. In" 
~ .. ) 
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elts which re$uhs in polyph:lgi:l and increased {It 
deposition, and insulinomas in dogs and very rarely 
in cats which also stimulate polyphagia and 
f:&t deposition. Animals with hypogonadism, 
aeromeglly and primary hyperlipidaemias may 
:lIsa show wei ght gai n. Some drugs induce polypha
gi:l :lnd/or increased fa t deposition. 111ese include 
progesr:lgens such as rnegocstrol acellle, glu
coconicoids, d iazepam and primidone. Bilateral 
destrucrion of the s:ltiety centre (for example bY:l 
~ll mour) results in polyphagia and obesity but this 
IS very rare. 

• Consequences 01 obesity 

It is important to treat obesity in sm;l.lI ;l.nim;l. ls as 
it wi ll cem.inly reduce the quality of life and :llso 
probably reduce the lifespan. Much work has 
been done in humans on the links between obesity 
and disease and panieularly the associated 
increases in cardiovascular and gall -bladder dis
ease and diabetes mellitus. There is much less 
informltion on dogs and even less in calS but 
the following associl tions have been found or 
proposed in small animals. 

Respir(l tory embarmwnent is frequ ent in obese 
dogs and is thought to be largdy due to nl rrowing 
of the llryngeal and pharynge:ll areas by fauy 
deposiu which interfere with the airwlY. This co n
trasts with humans where the respiratory difficul
ties associated with weight gain arc dueto increased 
wcighton thecheSl wall(Markweil and Butlerwick, 
1994}. An increlsed risk of eirCIIlatory problemt has 
been proposed duc to the increase in c:lrdiac out
put required to perfuse excess l dipose tissue :Uld 
weakening of elrdiac muscle by fl uy infi lt rate. 
However, this has only been shown in dogs which 
are grossly obese and not those which :lre only 
moderately so (Edney and Smith, 1986; Markwell 
and Buuerwick, 1994). There is a strong associa
tion in humans between h),perrcntion and obesity 
and an increased incidence of hypertension has also 
been shown in obese dogs (Hand tt (1/. , 1989). 

It is commonly proposed in both humlns lnd 
dogs thlt there is an increased incidence of 
oJttOltrtIJritiJ in obese individuals. However, no 
conclusive links between obesity and increased 
joiO[ damage have been shown in either species 
except with gross obesi ty. Dogs with osteolrth
rit is tend to exercise less and be relatively o ld. 
Older dogs arc also It incrc-lsed risk of obesity so 
:lny 2ssoci:ltion between ostcoarthritis :lnd 
obesity may not be causative. However, it would 
seem sensible to control lhe weight of dogs 

;l. lrcady affected with osteolrthritis both to reduce 
the stress imposed on joints lnd to counteract the 
tendency to become obese with the reduction in 
exercise caused by joint pain. 

Obesity :lppelTS to be lssociated in dogs with 
an jl/(Teased risk from infectio us diseases. 

Obesity appears to be associated with some 
cases of diabetes mel/itut in dogs and cats in a sim
ilar way to humans. In obese dogs, the degree of 
hypcrinsulin:lemia and insulin resistance seen are 
directly rel2ted to the degree of obesity, ;l.S in 
humans. The insulin resist:lncc is due to a reduc
tion in the number of insulin receptoTS with an 
additional postreccptor defect in some cases . 
Recent work in cats h:ls shown that o~it)' is also 
a risk {lctor in the development of diabetes melli
tus in this species 2nd thOl.I the effect of obesity o n 
insulin kinetics may contributc to the transient 
d iabetes mellitus seen in some cats. 

Obesity 01. 150 C:luses fatty infiltration in the liver 
o f dogs which may result in a subclinical decrease 
in hep;l. tic function. More importantly, o besity is 
a major predisposing fac tor for the development 
of idiopathic hepatic lipidQsis in CaiS which is 
potentially life- threateni ng, although the exact 
mechanisms behind its development arc unclear. 

Obesity increases surgi(:(l! ;l.nd anaesthetic n·tk. 
There :lre technical difficulties associated with 
operating on a fat individual lead ing to prolo nged 
surgery time; he:lling is slowed and there is an 
inereased risk of wound breakdown and ht 
necrosis following surgic:a llT2uma. Obesity :liters 
the kinetics of anaesthetic drugs and an:lesthesia is 
further complicated by the possibility of obesity
induced respiratory, cardiovascular and hepatic 
compromLse. 

O besity also complicates clinical examination 
and diagnosis with muffling of heut and lung 
sounds on ausculmion and di ffi cul ty in palplting 
the abdomen. 

Feline lower urinary tract diseau is linked epi
demiologically with obesity llthough the re:lson 
is unclear. One theory suggested is that, as a result 
of consumi ng a general excess of food, the over
weight cat also consumes excess minerals includ
ing mlgnesium which arc excreted in the urine 
:lnd contribute to urolithiasis. 

Obesity h:ls also been implicated as olle of thc 
factors prcdisposi ng to pancreatitis in dogs 2nd C:lts. 

A number o f other lssoci:ltions between 
obesity and disease in dogs and cats have been 
suggested. However, a survey of a large number 
of overweight dogs showed no clear rcl:ltionshi ps 
between obesity and skin or reproductive 
problems or neoplasia (Edney and Smith, \ 986). 
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I INVESTIGATION OF OBESITY 

II is imporunt 10 examine C\'cry animal before 
embarking on a weight cOnlrol programme 10 rule 
out other reasons for weight gain and check for 
;my primary or predisposing causes of obesity or 
any of the secondary consequences outl ined 
above. Management factors relat ing 10 diet and 
exercise should be discussca with the owners 10 

identify any areas which need add ressing. 

I§~I HISTORY CHECKLIST 

o ADe. breed , SIll 
Young or old? neutered ? breed predisposed to 
obesity? 

Q lifestyle 
Exercise? indoor cat? 

Q Type 01 diet and quantity led 
Homemade? tit-bits? begging behaviour? 

o Any other pets 
Competition at feed ing time? 

o Appetite? 

o PolydJpllaJpolyuril? 

o Elertlll intolerance or collapse? 

o lameness? 

. a Currenl medlcallon 
Diazepam; glucocorlicoids; 
convulunu! 

progcSlagcns; :mu-

It should be noted that, if the owner of an obese 
animal insistS the daily food intake is small but the 
animal is not losing weight, they may be right. 
Obesity, at leas t in humans, appears to be divided 
into two phases: dynamic and static. During the 
dynamic phase, an increase in calorie inrake 
results in an increase in weight. As this occurs, 
there is also an increase in lean body mass whith 
increases basal energy requirements. When this 
offsets the excessive calorie intake there is no fur
ther weight gain and the individual is in the static 
ph:ue of obesity. During the static ph:ue, calorie 
in12ke may even be reduced but the same body 
weight maintained. This is thought to be due to a 
reduction in meal-induted he2t production in 
obese individuals. 
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1\&1 PHYSICAL EXAMINATION 

Full physical examination is important [0 assess 
the degree of obesity, rule out other causes of 
weight gain and look fo r evidence of predisposing 
or secondary disease. Examination should include 
careful abdominal palpation to rule out 
unsuspected pregnancy, splenic or other masses, 
or hepatomegaly suggestive of hyperadreno
conicism. Changes in the skin :andlor hair coat 
may indic.ate endocrine disc:l$e and the animal 
should be assessed for evidence of ascites, pericar
dial effusion or other fluid accumulation which 
may account for the weight gain. 

The degree of obesity should be assessed to 
allow estimation of a target weight after dieting. 
This may be achieved by weighing the animal and 
comparing its weight with sundlrds for the bre(.-d 
but there are several disadvantages to this 
approach in dogs: there may be a wide v:uiation in 
si1.e even within one breed; cross-breds do not 
have a 'standard' weight and assessing weight 
alone fails to take account of body composition so 
a dog may seem overweight if it has substantial 
muscle development. It is also difficult to assess 
puppies in this way as idell weights are usually 
quoted for adults. Absolute weight is:1 mort help
ful indil;:;Ition of obesity in cats where there is 
much less vari:. tion in :1dult body si7.c th:m dogs. 
Gener.ally, a healthy non-obese adult domestic 
shorthaired cat weighs 3.5-4.5 kg, al though some 
indi\·iduals with larger frames may be heavier. In 
dogs. me3$urement of weight should be combined 
with a 'condition score' to assess the degree of 
obesity. Probably the easiest method is to palpate 
the layer of tissue overlying the ribs. If this is 
0.5 cm or more in thickness but the ribs arc still 
palpable then the dog is moderately overweight 
whereas if the tissue layer is so thick the ribs can
not be palpated then the animal is frankly obese. 
The tissue over the loins may also be palpated for 
obesity. Cats are more difficult to assess manually 
and visually. They tend to store excess fat intra
abdominally and in the ingui nal region and 
2lthough obesity is relatively easy 10 recogni~e in 
cats, assessment of the degree of obesity can be 
more difficult. Other methods of assessing obe
sity have been used in dogs but most of them, 
such as densitometry, X-ray absorptiometry, 
ultrasonography or magnetic reson:mcc imaging 
are not practical in clinical si tuations. In humans, 
obesity can be quantified by measuring the subcu
taneous fat byer with calipers on a skinfold but 
this method cannot be used in dogs because the 
skin lifts from the underlying fat in this species. 
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The initial diagnostic plan for an obese J.nimal 
should ide"lly include: 
• Full rOUline haemalologic,,1 and biochemicJ.I 

profiles including pluma cholesterol to rule 
OUt endocrine diseue; 

• Urin3lysislo rule out secondary diabel(:~ melli· 
tus ' • 

• Additional tests as neccssary if endocrine dis
ease is suspected: adrenoconicotropic hor
mone (ACfJ-l) slimul"tion test or low dose 
deumethasone supprcssion test for hyper. 
adrenoconicism; thyroid stimulJ.ting hormone 
(fSJ-I ) or thyrotropin rdeuing hormone 
(fRJ-I) stimubtion test for hypothryroidism; 
insulin/glucose r.llios or intn.venous glucose 
tolerance test for insulinoma. 

These teslS arc not nec(lury in all obese animals 
enmined but are important if the physical exami
nation shows evidence of eomplicating disease or 
if the animal fails to respond u expected to the 
weight loss programme. 

• Ma.ageme.t of obesity 
The stages in the management of uncompliciltcd 
obesity arc outlined in T ilble 3.5. h is po5Sible to 
manilge obesity in dogs by hospiulil.:l.tion and 
51arvJ.tion for a number of w«ks but this is gener
ally unacceptable for humilne reasons unless the 
obesity is life-Ihreiltening. It is also unsatisfactory 
as the owner is not in\'olved 50 mJ.nagemenl buhs 
remJ.in uncorrected and obesity is likely to recur. 
In addition, studies in humans show that during 
shen -term starvation more prolein "nd w"ter is 
lost relative to filt than on cJ.lorie-controlled diets. 

rlble 3.5 Stages In controlled weight reduction (aher 
Markwell and Butterwick, 1994) 

I . l!lentllitallon 01 ~ anllnal and assessment of deQree 
01 Obesity (WiI!ght, ConditiOn score) 

2. Clinical elQmlnatlon lor other causes 01 Willght gain. 
primary causes 01 Gbes~ Of seconllary consequences 

3 Client COtJnselling to identify arry managemenl problems 
and COfMf1C8 them 01 the benefits ol weight reduction 

4 Assessment 01 target weIght 12-15'1i.less than present 
In dogs, 13% less than prasent In cats 

5 Selection 01 type and quantity of diet 40-00"l0 01 MER al 
ta roet weight in dogs. 6()'tj, of MER al larget weight in 
can 

6 ReguLar rH\'aIuaUon. redl.lC4! lood Intake by 10% If no 
weIgh! IOSI In targe! period. SeI new targel weights as 
nea:S5a'Y 

1, Selection ol type and quantity 01 mamlenance dtet when 
target wetght achiMd 

8 Regular toWow'up to prewnt recurrenctl of obesity 

For this reuon, it has been suggested in humans 
th"t weight loss in excess of I % per week requires 
sp«ial justification. Sl'arv"tion is contn.indicated 
in cats due to the- risk of hepatic lipidosis in this 
species. Weight loss in cats should be controlled 
"nd it is panicularly impomnt to e-nsure obese 
cats continue- to C'at after diet changes to prevent 
this potentially f;l(al problem from de"eloping. 

Owner compli3nce is essential. Management 
problems will havc b«n identified while 12king the 
history and should be addre5Sed and Ihe benefits 
of weight 1055 and possible consequences of obe
sity should be explained . Diplomacy and care arc 
necessary at this slJ.ge as I he owner should be happy 
and convinced of the benefits of weight loss in their 
;mimlll if the programme is 10 be successful. 

Obesity man"gement should ideally stan with 
prevention in the puppy and kitten. Feeding "nd 
the long-term consequences of juvenile obesity 
should be discussed ~t the first vaccination and the 
animal weighed and condition scored on every 
visit to the surgery. Parlicul"r lIttention should be 
paid to dietary advice in susceptible br«ds and at 
times when weight gllin is likely such as after 
neUtering or onhopaedic surgery. 

Dieting of the obese adult anim,,1 begins with 
seuing a target weight. In very o~se animil!s, it is 
advisllble to diet in steps by setting se\,eraltargets 
n.ther than aiming to lose all the nccessil!"}' weight 
at once. This provides a psychologic .. 1 stimulus 
fo r the owner and allows reassessment by the 
V(t(rin .. riiln 10 Siv( a more accun.te final urget 
weight. The target genen.lJy aimed for in dogs is 
12-15% weight loss over 12 w«ks. In cats, it is 
imporunt to control the rate of weight loss care
fully but a mean loss of 13.5% over 18 weeks has 
been found to be safe (Bunerwick er al .• 1994 ). 

When the urget h", bccn set, the type and quan
tity of diet fed should be considered. The animal 
may be fed a feduced "mount of its normlll diet but 
this has several disadvantages. The nutricllt con
tellt of pet food is bal"nccd to the energy content 
so feeding significantly less than m .. intenance may 
resuh in nutrient deficiencies. In addi tion. owner 
compliance may be improved by a change in diet 
panieularly if feeding inappropriate food con
tributed to the problem in the firs t place. 
Commercial low caloric diets arc formula ted 10 

minimize theriskof nutrient deficiencies. They rely 
on either an increased fibre content or a formu lalion 
without a high fibre COntent but with low energy 
density. Fibre has traditionally been used bcc2use 
it is thought to reduce the feeling of hunger, but 
recent work suggests i t has lillie effcct on long-term 
satiety and thc regulation of energy intake, hence 
the introduction of non-fibre based diets. The type 



of fibre may be important, with soluble: fibre: induc
ing satiety more: cff«tivcly than insoluble, but sol· 
ublc: fibre m;!.y also cause bloating ;l.nd loose f:acees 
which arc generally unacceptable (Markwell and 
Bunerwick, 1994). High-fibre diets have been used 
successfully in cats a5 well as dogs although it is 
presently unclear how weU normal cats cope meta
bolically with increued dietary fibre (Maskell and 
G~ham. 1994). 

The amount of food to be fed is calculated from 
the target weight lmd MER of the animal. In dogs, 
the MER for the target weight should be calculated 
and the animal given a calorie intake of 40-60% of 
this. If sufficient loss is not achic\'cd after 12 weeks 
then caloric: intake may be reduced by a further 
10%. It is obviously important to avoid tit-bits and 
high energy supplements. In cats, it is recom
mrnded that 60% of the MER at target weight is 
fed, using the equation for active cats of MER '= 80 
kcal klfl bodyweight day-I. Again, if salisfaclOry 
weight 1055 is not achieved over 18 weeks then the 
calorie intake may be reduced by 10%. 

It is advisable to offer food in two or three 
meals a day rather than one to increase the energy 
lost via meal-induced thermogenesis. On average, 
10% of the body's energy expenditure is in the 
form of meal-induced heat, some as a result of 
energy CJi:pended on food utilization and the rest 
produced by brown adipose tissue and sustained 
for several hours following a meal. The amount of 
thermogenesis by brown adipose tissue varies 
with environmental temperature and calorie 
intake. It is stimulated by the symp:l.thetic ner
vous system and increases when energy intake 
exceeds requirement. There appears to be a 
genetic element to this response, at least in 
humans :l.nd mice, where obesity is associated 
with a reduction in heat production after a meal 
which appears to be part of the cause, rather than 
the effect, of weight gain. Unfortunately, me:l.l 
induced thermogenesis tends to reduce in weight 
loss programmes. This 10 some extent counteracts 
the efforts to lose weight. 

Increasing exercise can help energy expenditure 
and weight 1055 but its contribution to reducing 
obesity should not be overexaggerated and it 
should be used as an alternative to reducing calo
rie intake. The benefits of exercise have not been 
properly quantified in obese CatS and dogs but it 
has been calculated th;l.t energy requirements arc 
increased to 11.3% above resting levels in a 2S kg 
dog undergoing typical levels of activity. The 
effect of exercise on energy expenditure is there
fore limited but it is wise to increase exercise as 
well as reduce caloric intake, provided both 
owner and pet arc physically capable of this. 
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Increasing e)(ercise is relatively e;l.sy in dogs but 
more difficult in cau where it Oily involve lllow
ing them outdoors or encour;l.ging play. 

During the weight 1055 programme, the l nimal 
should be frequently reassessed and weighed and 
new targets set or changes in food intake imple
mented as necessary. O nce the target weight has 
been achieved, the animal should be mlintainoo 
on an appropriate maintenance diet which may 
involve either continuing with the low caloric diet 
or changing to another commercial food. Feeding 
home-made diets should be strongly discouraged 
due to the increased incidence of obesity on these. 
The animal should be fed sufficient to maintain a 
stable body weight and it has been suggesled that 
this is equivalent to no greater than 10% more 
than the final caloric intake during treatment. It is 
important to fe-examine the ani mal frequently, at 
least initially, to ensure that the weight is main
tained with no recurrence of obesity. 

Finally, various pharmacological means of man 
aging uncomplicated obesity have been tried in 
humans and dogs. These include thyroid hormone, 
growth hormone, ketosteroids, ~-adrenergic ago
nists, a -adrenergic antagonists and anorectic drugs 
such as fenfluramine. Work on these is limited and 
their long-term use is unproven so drug therapy is 
nOt presently applicable for the obese dog, ex.cept 
specifically to treat a complicating cause. 
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Fever and Hypothermia 
J. K. Dunn 

I FEVER 

Fc::vc::r (pyrexia), defi ned as ;to increase in body 
tc::m~r.tturc, is .:I common manifcst:l.t ion o f 
numerous clinical disorders. To understand the 
significance of fever in a clinic:!] seu ing it is 
ncccsu ry to have 1 basic understanding of 
normal thcrmorcgul.uion and the pathophysio
logicl mechanisms which may givt' fisc to a 
febrile m.te. 

• Thermoregulation 

In humans and clI"pcrimcnial aoim31, it hu been 
shown that body tcm~r.lIurc is subject to daily 
vari:u ion, being lowest in the morning and 
highest in the evening. Body temperature- is 
controlled by the thermoregul;\lory centre 
loc.1l~ in the ptc:optic region of the :anterior 

hypoth:llamus. The thermal 'scI-point ' is main
tained by a delicate ~uilibrium bctw«n h~;!.t 
produClion and h~;!.t lou mechanisms (Fig. 4. J). 
Norm;!.! body t ~mper.Hure is maint;!. ined within 
a relatively narrow range (J7.8-39.3OC in dogs; 
38.0-39.2"<: in e;!.lS) despi te exposure to a 
wide r;!.nge of ellvi ronmental temper:nures. 
Alterations in ambient and core body temper:!. ' 
lures arc sensed by peripheral ;!.nd centra! ther· 
moreeeplors; th~ ~ffeclor arm of th~ rdl~x arc 
consists of Ihose organs or systems which ar~ 
c;!.p;!.bl~ of ~ilh~r conserving o r dissip;uing body 
heal, i.e. skin, muscle and rcspir:!.lOry system. 
Specific mediators such as nOr.l.drcn;!. line and S· 
hydroxytryptamine. act on the th~rmoregula· 
tory centre 10 :lIter (r.l. ise) the thermal sct· point 
in the febrile state. True fever should be differ· 
entiatw from other hypenhermic sutes where 
the thermal set· point is not increased (sec 
bc:low). 

,= 

seel" Ig OX 'ef III'lwom'l«ll 
(-IIMg) 

HEATCX)NSERVATK)N 
cutaneouI .... .orO'15lric:liofi 

Flg. 4.1 Normal thermoregulation. The mechanisms lor increasing body temperature are generally mediated by the 
sympathetic nervous system whereas those which lower body temperature are regulated by the parasympathetic 
nervous system. Dogs and cats possess few sweat glands and lose excess body heal by panting. 



I PATHOPHYSIOLOGY 

• Exogenous pyrogens 

Numerous agents, termed exogenous pyrogens, 
may induce a febrile response. These include 
Gram-negative and Gnm-positive baclcria, bac
terial endotoxin, viruses, fun gi, parasites, toxins, 
tumours, bile acids, drugs (including cenain 
steroids ;md tetracyclines) and substances reluscd 
from necrotic tissue. Stricdy speaking the term 
exogenous pyrogen is misleading since most 
exogenous pyrogens are not themselves directly 
pyrogenic, i.e. they do not act directly on the ther
moregulatory cenlre. They do $0 via the rdease of 
a group o f common cell-derived chemical media
tors referred to collectively as endogenous 
pyrogens. 

• Endogenous pyrogens 

Most endot;cnou$ pyrogens are thought to be 
low-molecular-weight polypeptides which can 
cross the blood-brain barrier. They act d irL-ctly 
on the thennoregulatory centre and increase the 
thermal set-point by induction of prostaglandin E 
synthesis. There ue a number o f sources of 
endogenous pyrogen: bone murow-derived 
polymo rphonuclear leucocytes (neutrophils, 
eosinophils) and mononuclear macrophages, 
either circulating (monocytes) or fixed in organs 
(Kupffer cells of the liver, splenic and alveolar 
macrophages). Several immunological mediators 
released by endotoxin-activated macrophages can 
be classified as endogenous pyrogens. These 
mediators include interleukin-I (IL- I), tumour 
necrosis facto r (fNF), interferons and 
prosbglandins. Some of these mediators, for 
example TNF, in turn elicit the productio n and 
release of other cytokinC5 (eicosanoids) which arc 
also capable of inducing a febrile response. 
Although nructurally distinct, fL-! and TNF 
share many of the same biological properties; for 
example both are involved in the generation of the 
acute phase response and both are thought 10 be 
responsible for the systemic effects (e.g. anoreltia 
and depression) which are usually associated with 
fever. Sensitized lymphocytes release soluble 
cytokines which stimulate the production of 
endogenous pyrogens from leucocytes and 
macrophages. Some tumour cells release endoge
nous pyrogen without prior stimulation by an 
exogenous agent. In addition to prostaglandin E, 
other chemical mediators such as prostaglandin 
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precursors, cyclic AMP and the monoamines, 
noradrenaline and 5-hydroxytryptamine, released 
in inflammatory and non-inflammatory condi 
tions, may also contribute to the production of 
fever. 

ADVERSE VERSUS BENEFICIAL 
EFFECTS OF FEVER 

The benefi cial effec15 of fever arc often o\'er
looked. The decision to suppress a febrile 
response should be made after weighing up the 
adverse effec15 of fever 3gainst those fo r allowing 
it to run its course. Interleukin- I is one of the 
major mediato rs of the acute phase response 
which is char3eterized by fever, decreased serum 
concentrations of iron and zinc, and the synthesis 
and releue by the liver of acute phase proteins, 
including haptoglobin, ceruloplasmin. C-reactive 
protein and fibrinogen. The decrease in serum 
iron in pln icular is thought to play an impon'ant 
role in inhibiting the rcplic3tion of bacteria and 
cen ain viruses fo r which iron is an cssential elc
ment. In lddition to promoting a period of rest, 
fever is known 10 al ter the immune rcsponse in 
sevcral W3YS. Endogenous pyrogens can increasc 
granulocytc mobility and enhance the bactericidal 
and phagocytic activi ties of granulocytes and 
macrophages. IL- I and TNF enhance lymphocyte 
transformation, T cell 3etivation and T cell 
responses during antigcn prcscntuio n. It has llso 
been shown thlt animals with experimentally 
induced scpsis have a higher monality rate if they 
do not develop a febri lc response (Hardie et ai., 
1986). In maS! cases, therefore, there is an argu
ment for allowing moderate fevers to run their 
course. Whenever possible, tre3tment should be 
specifi cally directed at the primary diseuc process 
responsible for thc fevc r and symptomuic treat
ment using antipyretic agents should only be con
sidcred if the feve r and the non-specific clinical 
signs which accompany it (weight loss, lno rexia, 
lethargy etc.) become particululy sc\'ere or pro
longed, or thc cause of the fever Clnnot bc ucer
tained. 

I TYPES OF FEVER 

Fever can be classified on the basis of duration 
and pcriodicity as follows. 

• In termittent (undulating) /CfJer is charactcri7.ed 
by febrile episodes lasting onc or more days 
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with intenlening periods of normal tempera
ture. 

• Sustained (persisrcm) [rocr typically las ts for 
several days or even weeks with minimal varia
tion between successive meaurements. 

• Rt!mitttm (stptie) [cvtrs arc usually caused by 
acute bacterial infections and are characterized 
by daily increases in body temperature (fever 
'spikes') with intervening periods of normal or 
subnormal temperature. 

True fever should be differentiated from non
pyrot,;enic causes of hyperthermia in which the 
thermal set-point is not raised. Causes of non
pyrot,;enic hyperthermia include hut stroke, 
malignant hyperthermia, over-exert ion, primary 
hypothalamic lesions, drug reactions, grand mal 
seizure activiT}' (increased muscle activity) and 
hyperme:tabolic states such as hyperthyroidism 
and phaeochro nlOcytOma. Temperatures greater 
than 41°C (tOS.8°F) generally ne usually not true 
fevers. They are nevenheless potentially life
threatening and require emergency treatment to 
pre\'ent irreversible damage to the brain (cerebral 
oedema), li ver and kidneys. 

I FEVER OF UNKNOWN ORIGIN 

The term fever of unknown origin (FUO) 
describes :1 syndrome characterized by prolonged 
or ime:rminem febrile episodes where there arc no 
o ther specific dinical signs that would define a 
separate: syndrome. In humans the cri teria fo r 
defining FUO are as follows: 

• Fever of more th :11l three weeks duration 
associated with non-specific signs of illness 
such as lethargy, anorexia and weight loss; 

• Temperature at least o.soe ( I.SDF) above 
normal on several occasions; 

• Diagnosis uncenain after one week of hospi-
talization and routine laboratory teSts. 

Fulfilment of these criteria can be: helpful in elim
inating short-lived pyrexias of infectious origin, 
postoperative fevers and hyperthermia due to heat 
stroke and over-exertion. It is doubtful, however, 
whether these same criteria can be used to define 
FUO in dogs and calS si nce, in a practical sening 
at lust, the definit ion of 'fever o f unknown ori
gin' will be influenced by the extent and nature of 
the initial laboratory investigations employed . 
For this reason it could be argued that a true FUO 
case is one where the diagnosis is still obscure 
after performing a series of preliminary screening 
tests such as those described below. 

I Pathophysiological basis of fever of 
unknown origin 

The major causes of FUO can be discussed under 
fou r major headings: 

I. Localized and systemic infections 
2. Immunc-mediated disorders 
3. Neoplasia 
4. Miscellaneous disorders 

In one su rvey, infections (40% ), immu ne-mediated 
disorders (20% ) and neoplasia (20% ) accounted for 
the majority of FUO cases (Feldman. 1980). 
Approximately 10% of cases can be attributed to 
miscellaneous causes; the remaining 10% represent 
t hose cases which remain u nd iagnosed and arc truly 
FUO. A retrospective suney undenaken at the 
Department of Clinical Veterinary Medicine, 
University of Cambridge showed that approxi· 
mately 32% of FUO cases had primary bone mar
row problems (leukaemias, myeloma or true 
aplastic anaemia) or solid tumours (mosdy lym
phomas) and22% had immune-mediated disorders 
(mosd y inflammatory polyarthropathies). 
Infection was confirmed in only 16%; miscella· 
neous causes (portosystemic shunts, sterile, 
steroid-responsive meningitis and metaphyseal 
OSteopathy) accoumed for 12% , and 18% remained 
undiagnosed (Dunn and Dunn, 1998). 

Infection 

Bacterial endocarditis resulting in intermittent 
thromboembolic episodes is reported to be the 
most common systemic infection causing FUO in 
the dog (Feldman, 1980). Systemic mycoses are 
oftcn characterized by persistent or intermittent 
fe"er associated with chronic wasting, skin 
lesions, ophthalmic lesions, osteomyelitis, and 
granulomatous lesions in many \·iscera including 
the lungs. Earl)' cases of pYOlhorax or inhaled 
b ronchial fo reign bodies may present without 
obvious respiratory signs. O ther localized infec
tions such as uterine stump pyometra, 
pyelonephritis and prostatic abscesses should also 
be considered as potential causes of unexplained 
fever. Viral infections arc generally self-limiting. 
In the cat the fcline leukaemia virus (Fel V) aJld its 
associated diseases. and fcline immunodeficiency 
virus (FIV) arc important causes of FUO since the 
immunosuppressive and, in the case of FelV, 
myclodysplastic effects of these viruses predis
pose the host to recurrent bacterial infections. 

T he condi tions most commonly associated with 
bacteracmia in one study were malignant 
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neoplasms. discospondylitis and infections of 
the cardiovascular and urogenital systems. Bacter· 
aemia. in the absence of an obvious source of infec
tion. appears to be rare but may occur with aplastic 
anaemia and certain myeloproliferative disorders 
which result in persistent neutropenia (Gorman 
and Evans. 1987). 

ImmURe-mediated disorders 

Antigen-antibody complexes activate comple
ment which leads to the release of several potent 
inflammatory-inducing agents, most notably 
C3, and C5. which attract neutrophils and 
macrophages to the site(s) of immune complex 
deposition. The ensuing removal of immune 
complexes is associated with the release of 
endogenous pyrogen by phagocytic cells. 
Immune-mediated polyarthritis, either the pri
mary or idiopathic form or less frequently as a 
manifestation of systemic lupus erythematosus 
(SLE). is probably the most common cause of 
FUO in the dog. Feline infectious peritonitis 
is the most common multisystemic immune 
complex disease in cats. 
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A number of primary (congenital) and 
secondary (acqui red) immunodeficiency syn
dromes have been recognized in the dog. 
Many of these occur in certain breeds (Table 
'.1 ). 

NIOp'"I. 

Fever may be a manifestation of malignancy 
long before the underlying tumour becomes 
apparent (Feldman, 1980). Some tumour cells 
produce and release endogenous pyrogen with
out prior stimulation by exogenous pyrogen. 
Lymphoproliferative and myeloproliferative d is
orders often present with a history of intermit
tent fever spikes which may refl«t altered 
humoral or cellular immune function or def« 
tive neutrophil function and a predisposition to 
transient bacteracmic episodes. Neutropenia. 
occurring either as part of a preleukaemic syn
d rome or as a result of bone marrow infiltration 
with neoplastic haemopoietic cells, also predis
poses to secondary infection. 

Tlble 4.1 Causes 01 primary and secondary immunodeficiency 

Prlm.ry d.l.ttlln non·specific Immunity 
• Immotlle cilia syndromt resulting in recurrent respiratory Infections (springer spaniel, Old EngliSh sheepdog. EnglISh seiter. 

West Highland whi te terrier, pointers aAd other breeds) 
• canine cyclical haemopolesls (grey collies) 
• C3Iline gfilnulocytopathy in Insh setters (deficiency 01 leucocyte adhesion proteins) 
• Sol'll! marrow dyscrasia in miniature and toy poodles 
• De/ective neutrophil bactericidal activity In Dobermanns 
• Complement (C31 deficiency In Brittany span lets 
• P!lger-HlI!t anomaly (/oxooundsl 
• Neutrophil funcbon defect in coUie breeds? 

De/ectlln specific Immunity 
• Combined ImmunodefiCiency syndrome in dachShunds, corgis and basset hoonds 
• Thyrnosin-responsive wasting syndrome in growth hormone delicient weimeraners 
• Chronic rhinitis and pneumonia In Irish wolfhournls with low serum IgA levets 
• ImmunodellCiency syndrome characterized by low serum loA and loG concentrations in weimeraners 
• Transient hypooammaglobulmaemia (samoy!ds) 
• Selective loA deficiency (beagles, Chinese sha.r pel, German sllepherd dog) 
• Selective IgM defiCiency (OObermanns) 
• T ctilimmunodeliciency in weimeraners 
• Lethal acrodermatrtis (bun terriers) 

Second.ry immunodeficiency syndromH 
Immunodeficiency may occur secondary 10 a number 01 In fections (e,g. generalIZed demodiCOsls, canine distemper and 
parvovlrus Infections, ehrllchiosls, aspergillosis aAd protracted bacterial inlecllons) aIM! llaemopoletlc neoplasia. Nutritional 
problems (e.g. zinc dellciency). druos (e.g. prolonoed glucocortiCOid therapy, cytotoxic agents), and endocrinopathies (hyper
adrenocorticism and diabetes mellitus) may also predispose to recurrentlnlecllon. 
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MI'&lI/,n,ous dlsort/,rs 

Miscdbnrous c~us('S of FUQ include meuphy. 
se~1 ostrop.uhy, panosteitis, liver dise;a5(' (pono-

systemic shunts or hepatic necrosis. which may 
resuh in intermittent endotoxaemia), infl amm;a
tory or gn.nulomatous bowel disease. pulmonary 
thromboembolism and drug reactions. 

Tlble 4.2 Conditions which can present with fever of unknown origin 

0011' 

SysletmC mfecrlOflS 
Bact!riaI endocanhtls 
8acIenaemQs Irom an lnap~rentlocus 
~ Inlecuons (IItssemmated toxoplasmosis, 

neosporOSls. letshmanrasls. ~beslosrs) 
Lyme drsease (acute) 
LeptospirOSIS 
MycobactMum sp 
Rlc.ktttsialllrsease (e.o ehrhehlosl9, l'Iaemobaltooellosis) 
Otssemrnaled mycolic Infections (e·o hlSioplasmoslS, 

blaslOmytOSls, ClYptOCOCCOSIS. coccidioillomytosls) 
"'ttaoosls 

LOCAIIZId mf«:tJons 
8ictenal eoiIocardltl1i 
Urogenital rnlectlons (e,o pyelonephritis. chroolc prostaUtis! 

prostitlC abscess, Slump pyomeua) 
Pyothorax and lung Infecuons (e II IIII1a1ed pulmonary 

lorelgn bodrnlpulmollalY abscess. bronchopneumonia) 
Oecullllepallc abScess or chOOngll.iS 
LocalIZed pemonitJS 
D",.s,,,,,.,"" 
OsleomyelJlls (espet'*3Uy dtS.Sel'lllnated ha!miIOOenous 

osteomyelitiS In young dogs) 

-Lymphoprolller.lIl'o'e 01 myeIOprollleratrve disuse 
wge neoplasms tespedaltj hepatic tumours) WIth 

I'ICrotlc centres 

ImmuM-m«1lJred dtSMSS 
Systemic lupus efYlhelNlOSUS ISLE) 
Immunlt-medraled po!yalthropattrr 

rheuTNtOklalthrttis (erosIVe) 
idiopathic polyalthritls (non-erosive) 

Autoimmune haemotyUc anaemia 
Immune· mediated thrombocytopenia 
Sterile: stlfQld-responslve menIngitis (Immu!'le-mellialrd1) 

MISCI/lall«>/JS drsordm 
Oruoreactror\S' tetracycline. suJphonamldes. penicillin. 

amphOtericin B. Quinidine 
Metaphyseal osteopathy 
PanosteiliS 
lnflimnv.tory/oranulomalQUS boWel drsease 
He~tlc necrOSis 
Pulmonary emboli 
Noduiar panrllCUliUS 

"""'''''''' HypervitamlOOSIs A 

c •• 
SysltmJc inftctlOllS 
F&hne lmmunodefldency Virus (FIV) Infection 
Feline leukaemra virus (FelV) InfectlOll 
Felme InfectiOUS a~1i (~mobiIrtOMIJI ItllS) 
~me infectious penlonlus (FIP) 
Bacu!raemw from an lnapparentfows 
Sytemlc mycoses (e.g histoplasmosis. cryplococ:cosls) 

Localszed mfl!CtKJfls 
PyothOrax and lung IOlactlons (e g pulmonary abscess, 

bronchopneumonll) 
Occult l\epa1Jl1s abscess or choIanglohepatr1.JS 
UrooerutaJ Infections (e g pye!onephnllS) 
Localized pentonillS 
Osteomyelitis 
tat bite abscess/cellulitis 

~lV-reI2Ied IymphOploilleralfYe aBd rnyeIOprvlllertlMl 
disorders 

Immune-mtdi.:Jltd dIsease 
Feline infectious pentonius 
Systemic lupus erythematosus (rare In cats) 
Chronic progressfve pOlyalthfO!)ithy: 

ankyloslflQ (periosteal prollleratlve) lorm 
IUlCllt1no (eroSM) form 

Autoimmune haemolytJc anaemia 
Immune-mediated thlombocytopenia 

MISC!Ildneous dISOrders 
Drug reactlOttS tetracyclme. IevamlSole 

ko z n )radivo 



I INVESTIGATION OF FUO 

The list of differential diagnoses for FUO is 
extensive (Table 4.2). Infection is responsible for 
m:any cues of unexpb.incd fenr and should ~ 
ruled OUl firs t. Since the initial presenting signs 
are often non-specific and lend to vuy in inten
sity, repeated physical examin:ll ions ;l,nd labor:t
tory testJ are usually necessary 10 delect new 
clinical signs as soon as they devdop so that 
further investigations rru.y be directed towards a 
sp«ific body system. The main aim of the diag
nostic investigations is to define a syndrome other 
th:an FUO. 

I§~I HISTORY CHECKLIST 

a Age , sal, breed? 

o Vaccination status? 

o Di,t? 
An t:xdusivdy fish diet may lead to pansteatitis. 

a G.ollrlphleallocalion and 1m,1 outside thl 
United Kingdom? 

Q Llt,styl,? 
Free-roaming cats arc more sUjccptiblc 10 Fcl V 
and FlV infections. 

1:1 Duration of IlInea? 

1:1 Recurring or persistent clinical Signs? 

1:1 Previous IIIn.a or recent surg.ry? 

1:1 Trauma? 

1:1 localized or shilting lamenla? 

1:1 Reclnt drug .dmlnillr.llon? 
A favour:tble response to antibiotics implies an 
infectious aetiology. Prior injudicious treatment 
with glucocorticoids may not only m:uk clinical 
.igns but e;\f\ significantly influence the resultS of 
labor:ttory testS. 

1",1 PHYSICAL EXAMINATION 

1:1 Pyrelle? 
When taking an animal's temper:tture the degree 
of stre" or excitement, the environmental tern· 
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per:tture, and the dist'ance tr:tvclled to the surgery 
should be considered. An increase in body tem 
per.nure up to 39.5OC (103°F) islesslikcly to be 
significant than a tcmper:tture greater than 4O"C 
(l04°F) which in most cases can be regarded as a 
significant clinical finding. Having established the 
animal is febrile the type of fever (sustained, inter
mittent or remittent) should be ascertained early 
in the coune of the investigation by recording the 
temper:tture three or four times daily over at leut 
a H h period (prefer:tbly over a 72 h period). 

1:1 lymphadlnop.thy? 

a Enlarglmlnt of IInr, spilln or kidneys? 

o Petechl.1 or etcbymotlc haemorrllages on thl sIIln. 
mucas .. or rellnae? 

o Cantlec murmurs (systolic or diallollc)? 
A murmur which develops during the course of 
the disease is suggestive of bacterial endocarditis 
although the absence of a murmur docs not 
preclude this diagnosis. 

a localized pain (nlei. back or abdomen)? 

a Ulcerative Ikln lesions or oral uleen? 

a Joint p.ln, lolnl Inuslon or pertartlcular Ion tlaue 
swentng? 

Immune-mediated polyanhropathics frequently 
involve the carpal and tarsal joinLS fint whereas 
infective arthridites tend to involve the larger 
more proximal joinu. 

a Rectal el.mlnatlon (prostliomegaly)? 

a Ophthalmic examination (dlorioretlntlil. retinal 
dltachment and/or haemorrllage, .ntlrtor Uveitll)? 

Many disseminated infectioru (FeLV. toxoplas
mosis. feline inf«tious peritonitis and systemic 
mycoses) can present with ocular lesions. 

I INITIAL DIAGNOSTIC PLAN 

In [he absence of localiz.ing dinical signs the diag
nostic plan may be divida:! conv~niently into two 
phases. The first phase consists of a series of 
simple screening tesu to establish the presence of 
a septic. infl:tmmatory or neoplastic focus . The 
more e\abonu e di:tgno51ic procedures which com· 
prise the second phase of the invenig:uion are 
bued on the resulLS of the preliminary scr«ning 

, 
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tens andlor the presence of new clinical signs o r 
labor:uory findin gs_ 

• Preliminary screening tests 

• 
• • 
• 

• • 

• • 

Routine haematology (including a platelet 
count) 
Complete biochemical pro fil e 
Routine urinalysis including microscopic 
examination of urine sediment 
Total plasma protein and plasma fib rinogen 
concentrations. (In small animals hyper
fibrinogenaemia is a non-specific indicator of 
an inflammatory process) 
FeLV and FIV assays in cats 
Lateral thoracic and abdominal radiographs 
to loc.lize a septic, inflammatory or neoplas
tic focus. Long bones and joints should also 
be radiographed in cases with a his tory of 
shifting leg lameness. 
:tU rine culture and sensitivity 
:tFaecal examination (worm egg count, 
culture, occuh blood) especially if there is a 
history of diarrhoea. 

• Additional diagnostic procedures 

The index o f suspicion for a particub.r di.sene, 
based o n the results of the preliminary screening 
tests, dictates the most appropriate test{s) for any 
one situation. The indications for the procedures 
listed below are su mmarized in Table 4.3. 

Blood cultures 

Blood cultures arc indicated in most FUO cases 
(more specific indications are given in Table 4.3). 
In order to maximize the chances of a positive 
result, three or fo ur blood samples should be col
lected aseptically over a 24 h period and submi tted 
for acrobic and anaerobic cuhu re. Each blood 
sample should, if possible. be collected from a dif· 
ferent vein using standard aseptic technique. In 
order to minimiz.e the risk of contamination a 
fresh needle should be attached to the syringe 
before transferring the blood to the appropriate 
cuhure media. The most freque ntly isolated bac
teria in one study were Staphylococcus spp. and 
Enurobacter spp. (H irsch et al., 1984). T radition
ally blood is taken ei ther during a febrile episode 
or as the tempenture is rising (although there is 
somc evidence to suggest that culture during a 
febrile episode docs not increase the frequency of 

positive results; Do w and Jo nes, 1989). Si nce bac
teraemia in dogs with endocardit is is continuous 
the timing of the blood cultures is less important. 
Bacterial isolation rates in dogs with bacterial 
endocarditis vary between 50% and 80% 
(Calvert. 1982; Elwood et al., 1993); a negative 
culture result does not rule OUt bacteraemia 
(repeated negative resultS can occur in confirmed 
cases of bacterial endocarditis). Antibiotics 
should be discontinued for at least two to seven 
days before sampli ng since they may delay or 
inhibit bacterial growth. Culture media which 
contai n the anticoagulant polyanetholsulphate or 
antibiotic inhibitors in the form of drug
destroying enz.ymes or antibiotic resins, may 
improve detection ra tes. A result can be cOll5id
ered positive if at least two culture bottles, each 
taken at a different time. contain the same 
bacterial species. 

Bone ma"ow aspiration 

Bone marrow aspiration is indicated when feve r 
is associated with an unexplained cytopenia 
(anaemia, neutropenia or thrombocytopenia), 
leucocytosis (neutrophilia, lymphocytosis o r 
large numhcrs of atypic:t\ blood cells in the 
circulation) and hypergammaglobulinaemi:l.. Bo ne 
marrow aspiration and biopsy techniques are 
described in C hapter 45. 

Synovial fluid aspirates 

Aspiration of joint fluid is indicated when fe\'er is 
accompanied by a history of intenni tlent or shift
ing leg lamenes, joint pain o r periarticular soft 
t issue swelling. 

Electrocardiography and echocardlography 

Electrocardiognphy is indicated in patients 
showing clinical signs of heart fa ilure or which 
have cardiac arrhythmias (bacterial endocarditis 
involving the mil ral or aortic valves m;l,y progress 
to congestive heart failure or occasionally result in 
thromboembolic myocardi tis usociated with 
premature ventricular contractions). Echocardio
graphy is the most useful diagnostic aid fo r con
fi rming the presence of vegetative thrombi on the 
heart va\yes or mural endocardium. 

Immunodlagnostic screening tests 

Most immunod iagnostic screeni ng tests employ 
species-sfecific reagents, often antiglobulins. The 
resul ts 0 such tCSts should always be interpreted 
in association with appropriate clinical signs and 
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Table 4.3 Fever of unknown origin: indications lor diagnostic procedures 

Diagnmle proc.dl re 

Blood culture 

Bone marrow asp!raUon 

Synovia! fluid asp/ration (JOint tap) 

Echocardiography 

ImmunodlagnostlC screening teslS 
Rheumatoid lactor 

AntinUClear antibodies 

Oirect antiglobulin test (Coombs' test) 

Antipiatelet antibodies 

Serum protein electrophoresis 
.dmmunoelectrophOfesis 

Serology (IOxoplasmosis. bOfreliosiS, feline infectious 
peritonitis, ehllichiosls, aspergillosis and Oiller 
systemic mycoses) 

Immune function tests, e.g. immunoelectrophoresis, 
neutrophillunClJon tests, complement assays. 
lymphocyte blastooenesls 

SpecialiZed radiographIC techniques 
Double contrast cystooraphy (With abdominal 

ultrasound examlnallon) 

Barium meal 

TechnetlUm-""'-labe11ed leucocyte scan 

Exploratory laparotomy 

Biopsy 

Therapeutic trial 

l""i~l!ons baSl~ on probl . ... ld. ntlfIH from lhe hil1ory. 
pbySltll Inminallon alld inltiallabotalo" and radi09r3phle 
proc:edllrft 

Systolic or diastolic cardiac murmur 
Neutropenia or neutrophilia (1 1ell shift) 
Shilling leg lameness 
Back, bone or joint pain 

Anaemia, thrombocytOj)enla and/or neutropenia 
Leucocytoslslsuspected leukaemia (e!l unexplained 

tleutrophllia, lymphocytosl$ or laroe numbers 01 atypical while 
blOod cells in peripheral blood) 

History 01 shlftlflg leg lameness With back or joIt11 pain atld 
penarlicular swelling 

Neu Itophilia 1hyperli bOnooe lIiIemla 

CotlgestiVe Ilearl failure especially if dysrllythmla 
(e.g. myocarditis) 

Cardiac murmurrlfysrflythmia suggestive 01 bacteriaf endocarditis 

As lor JOint asplrates and blood culture 

As lor jOitlt aspil3.tes and blood cultul! 
Ulurative/vesicular cutaneous or oral lesions 
Peffilstent proteinuria 

HaemolytIC anaemia 
Thrombocytopema (especially il positive lor anllplatelet antibodies) 

Thrombocytopenia 
Coombs· positive anaemia 

Aboormat total serum/plasma proteins 
Hyper!lammaglobullnaemla 

Futldic lesions e.!I. choriOl"elini\i$, letltlal detachmetlt 
(toxoplasmosiS. F1P, systemic mycoses) 

Anterior uvtitis (FIP. toxopLasmosis, systemic mycoses) 
Discospoodylltls (Brucella canIS) 
Polyarlhropattfy (Lyme disease) 
Increased total serum/pLasma proleltls. especially if 

increased globulin Iractiotl (F1 P, ehrfichlosls) 

Cause ot fUO canflOt be established; coooenital or 
acqUired immutlodeflc!ef\CY syndrome suspected 

Prostatomegaly 

PelSlstent melaefla 

Unable to establish cause 01 FUO 

Abdominal mass 
Enlarged spleetl or liver 
Utluplalned abdominal pam 

Abnormal renal or hepatIC lullClioo tests 
Ulcerallvetveslcular cutaneous 01 oraJleslons 

(addiUonal immuflOnuorescent studies may be Indicated) 

OIi\VllOSis catlnot be established aher extensive investigation 
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other laboratory tcst resulu. Consideration should 
be given to the diagnostic significance of positive 
ruulu sin(:e all of the tCStS des(:ribed. below (:an 
produce false ncgati,'e and false positi"e results and 
the significance of a gi"cn titre is influenced by the 
type of test and Ihe methodology used. 

Rhlumatold laetor (RF) 
Rheumatoid faclor is an IgM autoantibody Ih.3t is 
directed against the animal's nni"e IgG (lgG ;and 
'SA rheum;alOid f;aCtON have also been detected). 
RF lilres of 1:16 or greater ;are generally consid
ered positive ;and consistent with a diagnosis of 
rheumalOid arthritis in cases where there arc lppro
priate clinical and radiogmphic signs. Like most 
immunodi;agnostic screening tests false negative 
3nd (;alse positive results may occur. Not every dog 
with rheum:Hoid 3rt hri tis for cJ(;ample has l RF titre, 
:and low titres may be recorded in healthy dogs .:md 
in dogs with SLE and bacterial endoc3rditis. 

Antinucllar antibody (ANA) 
Antinucle:ar 3ntibodies lfe di rected 19linst con
stitucnls of the cell nucleus and nude3r mem
brane (double stranded DNA lnd other soluble 
nuclear proteins). Low ANA titres hlve been 
reported in normal dogs but titres grelter than 
J :20 (or 1 :80 depending on the substrate) lre usu
lily considered significant. Some cases of canine 
SLE remain ANA-ncg;ui,'e throughout the 
course of the disease and conversely, somc dogs 
with non·immunological discascs such u Iym
phom;a. bacteril l endocarditis lnd myelogenous 
leuklentia m3Y have positive ANA tests. 

Dlreet antiglobulin 1111 (Coombs'IIs1) 
The direct l ntiglobulin (Coombs') test detects 
lutoantibodies or complement components (usu
l lly C3) bound to the pltiem's red cells. 11le test 
should be performed at 4°C and 37"<: to detect both 
Wlrm and cold agglutinat inga ntibodies. It has been 
shown that some 11ealthy dogs and cats have a low 
;agglutinlting titre at 4°C and positive Coombs' 
tens have been documented inanimllswith numer· 
ous infectious, inflammatory and neoplastic disor
ders including malignant lymphoml, myelopro
lifer.lli,·e disease and baCterial cndoclrditis. 
Positive tilres therefore require cautious interpreta
tion csp«ially when there is no clinical or labora
tory evidence of haemolysis. Causes of falsc positive 
and falsc negative tests are given in Chapter 45. 

Antiplalilit antlbodlls 
Direct and indirect fluorescent antibody tests 
lnd In Elisa test for detecting the presence of 

antiplatclel antibodies arc dcscribed in Chapter 45 
(see immune-medil[ed thromboC),topcnia). 

Ssrum prolsln BIBctrophores/s and 
ImmunoBIBctrophofBsls 

Protein electrophoresis is indicated when l 
chronic inflammatory process is suspected or 
when the total pluma protein concentration is 
abnormal. A polyc1onll increase in the gamma
globulin fraction is most commonly associated 
with viral infections, especially fcline infectious 
peritonitis, chronic b3cterial infections, p3r.lsitic 
infections such ;as ehrlichiosis lnd leishmaniuis, 
and immune-mediated disorders such as SLE. 
lutoimmune haemolytic anaemil or thrombo
cytopenia and idiopathic polyarthritis. A mono
clonal gamma globulin peak is more consistent 
with plasml cell mycloma ;and. less frequently, 
functionll B cell lymphomas; a monoclonal gam
mopathy may also occasionally occur with cases 
of ehrlichiosis. 

Decreased gammaglobul in concentr3tions usu
ally occur with concomitant decreases in other 
serum prolein fractions and lfe associated with 
numerous debili tating disorders such as lym
phoma and OIher mllignant neoplums. Low con
centrations of sp«ific immunoglobulin subclasses 
may occur with various primary immuno
deficiency syndromes, for example, a syndrome 
char3cterized by chronic rhinit is and pneumonia 
occurs in lSsoci:uion with low serum IgA I('vels in 
Irish wolfhounds (sec Table 4.1). 

SBro/OlY 

Serological tests arc availlble for toxoplasmosis. 
feline infectious peritonitis, borreliosis (Lyme 
disease), brucellosis and numerous mycotic infec
tions, incl uding ;aspergil losis. 

The first of paired serum sampl('s should be col
lected in the evaluation of the patient with FUO, 
espccially if ocular lesions l re prescnt, and stored 
:u - 20"C. A rising tit re, based on a second sample 
taken 2-3 weeks later, is usual I)' reglrded as being 
diagnostically significant . 

Immune function tesls 
Certain primary immunodeficiency syndromes arc 
associated with a decrease in the ICrum concemN.
tion of ... spttifi(: immunoglobulin subclass (see 
above under immunoelectrophoresis). Tesu to rtlal
uale neutrophil function require sp«ializcd equip. 
ment and must be performed on fresh cells within 
two hours of collection. Diagnosis of neutrophil 



dysfunction involves in vitro assessment of their 
chemotactic, adhesion and bactericidal properties. 
One of the more commonly used neutrophil func
tion tcSts is the nitroblue temtzolium dye reduction 
tCSt. This test assays the respiratory burst of the neu
trophil following phagoqtosis and provides a mea
surement o f the cell's metabolic ac tivity. 

Complement activity can be measured using 
a 50% haemolytic complement (CH~) assay. 
Specific components of the complement cascade, 
for example C3, can be :as5:lyed by radial 
immunodiffusion. Immune complex disease may 
result in a decrease in CH~ activity. The concen
tration of complement may also dttrease with 
many infectious and non-infectious diseases as 
well as neoplasia. Complement assays must be 
performed the samc day otherwise the scrum 
should be frozen at -9QOC. 

The cell-mediated arm of the immune system 
can be evaluated in vit ro by mcasuring lympho
cyte blastogeneJis and the uptake of tri tiated 
thymidine in response to various mitogens. 

Sptlcl,lIud ndlognphic ttJchnlqutJs 

The indications for contrast radiographic tech
niques are given in Table 4.3. 

- Tschntltfum-/lbtJlJtld ItJucocyttJ scan 

Leucocytes can be labelled with ""'rcchnctium 
hexamethyl-propylene amine oxime ~c 
H MPAO). Technetium scans are widely used in 
human medicine for localizing various forms of 
inflammatory disease and infections. They arc:! 
used :u; an aid to the diagnosis of infiammalOry 
bowel disease, postoperative sepsis and acutl:! and 
chronic osteomyelitis. Their use with regard to 
the invcstigation of fever of unknown origin h:u 
not been fully eSiablished. The essential require
ment fo r their success is that thc d isease to be 
localized is associated with a neutrophilic (puru
lent or pyogenic) inflammatory response. 

In dogs 20-30 mI o f blood are collected into 
citrate phosphate dextrose (CPO) anticoagulant 
to provide approximately J.-4 ml of labelled 
leucocytc5 depending on the total white blood cell 
count. leucocytes are separated following expo
sure to the technetium complex to provide a 
mixed leucocyte suspension. The labelled cells are 
re-injected in a bolus via an intravenous cathCler. 
A major advantage of the scanning procedurc is 
that no anaesthesia is r~uired. Although this 
technique has yet to be full y cvaluatcd in the d iag
nosis of FUO in dogs and cau and controlled 
studies have not been performed, preliminary 
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results, using doses of technetium of 300-
500 MBq per dog, at the Department o f Clinical 
Veterinary Medicine, University of Cambridge 
have proved encouraging. 

up/onlory Isplrolomy ,nd surglc.1 biopsy 

Exploratory laparotomy and/or surgical biopsies 
arc only indicated if the clinical signs or labora
tory Jat'a indicate specific organ or system dys
function. 

ThfJraptJutic trial 

A therapeutic t rial should only be unden aken when 
the cause of the feve r cannot be ascertained. 
Corticosteroids, with appropriate antibiotic cover, 
should be admi nistered with extreme caution and 
only after an animal fails to respond to broad spcc
trum antibiotics alone or to symptomatic treatment 
with non-steroidal antipyretic analgesic drugs. 

I MANAGEMENT OF FEVER 

The symptomatic treatment of fever should be 
considered only when attempts to identify the 
undcrlying cause have proyed unsuccessful and 
when patient discomfort is particularly severe. 
Fluid suppon and antibiotic cover should bc 
given if neccssary, for elCample, where fever is 
associated with life-threatening endotoxaemia. 
The doses for some of the common antip yretic 
drugs arc given in Table 4.4. The antipyretic 
action of the non-s teroidal anti- inflammato ry 
group of drugs, which includes acetylulicylic acid 
(aspirin), indomethacin and f1unixin meglumine, 
is duc to thei r antiprosraglandin action. In addi
tio n to its antipyretic properties the speci fi c 
eyclo-oxygenase blocking action of flunixin meg
lumine may be of use in treati ng dogs with endo
toxaemia since prostaglandins are important lipid 
mediators of endotoxic shock. G lucocorticoids 
block the synthesis of tumour nttrosis facto r, a 
cytokine mediator of endotoxic shock produced 
by acti\'ated macrophages. One practical d iu d 
vantage, however, is that these drugs are most 
effective if given before the o nset of endotox
aemia, a point that is difficult if not impossible to 
predict. Prolonged use of non-steroidal ant i
inflammatory drugs (NSAID) is not advised since 
side effects such as vomiting a5Sociated with 
gastric ulceration and haemorrhage are not 
uncommon. The dose of aspirin for cats is consid
erably less than that for dogs because of the 
marked reduction in hepatic clearance in this 
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Tl bl,4.4 Doses 01 antipyretic agenls used in dogs and cats 

Dru, Do" Cals 

Acetylsalicylic acid (asp)rln) to-25 mg kg-' po every 8--24 h 10 mg kg-' p.o every 48--72 h 

Acetamlnaphen 10-20 mg kg-' p,o. every 12-24 h Contraindicated 

Dipyrone 25 mg kg-' l.v .• l.m. or s.c. !Wry 8 h As lor dogs 

Runoon megJumlfl8 0.5-10 roo kg-' j,v" j,m. or po. 
once daily: maximum 3 days dosage 

Not recommended 

i. v" Intravenously; 1m . intramuscularly: s.c., subCutaneously; p.o" per os 

species. The repeated use o f dipyrone has been 
associated with bone marrow suppression and rel
atively small doses of pancctamol ( 114 of a 250 
mg tablet) can resull in H einz body haemolytic 
anaem,alR cats. 

I Management 01 non-pyrogen ic causes 
01 hyperlherm la 

Probably the most common example of non
pyrogenic hyperthermia is heat stroke, The 
animal's temper.lIure may rise to 41-41.5°C and 
prompt and 3ggressive action is necessary to pre
\'ent irreversible damage to vital o rgans. Cold 
intnvcnous fluids (normal saline) should be 
admi nistered and if possible the ':lIlimal pl.:tced in a 
cold-water bath. Glucocorticoids (e.g. inln
vcnous dexamethasone or beumethasone) are 
usually indicated to combat shock. Close patient 
monitoring is advised after the body temperature 
h:tS returned to normal since some cases progress 
to disseminated imrav:lo$cular coagul.:ttion 48-72 h 
after making an apparent recovery. 

I HYPOTHERMIA 

H ypothermia oceurs when the normal thermo
regulatory mech.:misms are no longer able to 
maintain core body temperature. Most fre
quently, hYPOlhermia occurs in nconal'al , geriatric 
or se\'erely debilitated p:llients. Possible causes 
include acutedecompenuted congenive heart fail 
ure (cardiogenic shock associated with myocardial 
failure), severe hypOlhyroidism, prolonged immo
bilization either during surgical inlervenlion or 
during anaesthetic reCO\'ery, and prolonged expo
su rc to extreme cold. Clinical signs associated with 
hypothermia arc shivering, decreased le\·ei of con
sciousness, bradycardia, weak pulse, depressed res
piration and muscle st iffness, Treatmem consists 

of ac tivc\y rewarming the ;1nimal and minimizing 
further heat loss. Any underlying disease or 
acid-base disturbance should be treated appropri 
ately. The animal should be pl;1ced on a heating pad 
or wrapped in blankets. ' Bubble wrap' also pro· 
, ·ides adequate insulation for the hypothermic 
patiem. Warm inlr.lvenous fluids should be admin
istered and if necessary peritoneal dialysis under
uken using W;1rm normal saline. Thep;1tient should 
be rewarmed at ante nOI exceeding O.5-1.O"C h-I 
and close monitoring is requ ired to ensure ven
tricular fibrillation docs not occur during the 
rewarming period. 
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Vomiting 
J. K. Dunn 

Vomiting is an active process involving the coor· 
dinated. vigorous contraction of the abdominal, 
thoracic and diaphngmatic muscles and resulting 
in the forceful ejection of vomitus fro m the 
mouth. The act of vomiting may be preceded by a 
period of nausea characterized by depression, 
salivation, licking of the lips and rcpc:l.tcd 
attempts to swallow. Regurgitation (sec C hapter 
6) is a passive process associ:ucd with minimal 
movement of the thoncic and abdominal muscles. 

I PATHOPHYSIOLOGY 

The reflex act of vomiting involves the vomiting 
centre situated in the b,tcral reticub.r formation o f 
the medulla oblongata. Ncurones of the vomiting 
ccnfTC can be stimulated directly or indireetly via 
afferent impulses received from thc chemorecep
tor trigger zone, vestibular appantus, higher cen
tres in the cerebrocon ex and ptripheral rtceptors 
in the pharynx and abdominal viscera. 

• Direct Ilimulalion of the vomiting 
cenlre 

An increa.sc in cerebrospinal fluid (CSF) prtssure 
(e.g. hydrocephalus), cerebral otdema (e.g. foll ow
ing trauma). or central nervous system inflamma
tion, inftction or nw plasia may result in direct 
stimulation of the neurones of the vomiting centre. 

• Indirect Ilimulalion ollhe vomiling 
canlra 

lndir~ stimulatio n of the vomiting centre may 
occur via: 

1. The chemoreceptor trigger zone (C I Z) located 
on the fl oor of the founh ventricle. The e l L 
may be stimulated by 

(a) drugs such as apomorphine. cardiac glyco
sidts and cenain antineoplastic agenu 
(some drugs/toxins may directly stimulate 
the vomiting centre) 

(b) metabolic toxins associated with uraemia. 
hepatie failure and diabetic ketoacidosis 
(keto nes) 

(e) bacterial endotoxi ns usociatcd with G ram
negative sepsis (e.g. pyometra). 

2. Vestibular afferent inpUi via the vestibular 
branch of the eighth cranial nerve either :15 a 
result of inflammatory vestibular disease or 
motion sickness. 

J. Stimu1.ation of higher centres in the cerebro-
•• • • eon ex e.g. severe pam. stress or ucn ement 

(psychogenic vomiting). 
4. Visceral afferent impulses fro m peripheral 

receptors located in the pharynx (via the 
glossopharyngeal nerve) o r abdominal vis
cera, visceral peri toneum and urogenital tract 
(via the vagus and sympathetic nerves) which 
respond to distension, inflammation. rapid 
changes in osmolality and noxious chemicals 
o r irnunu . 

Vomiting can be cI:usified :u acute o r chronic. 
and gastric o r non-gastric in origin (Tables 5.1 
and 5.2). Acute ga.mitis is probably the single 
most common cause of transient vomiting in 
small animals although often a specific cause is 
not identified (transient vomiting in most you ng 
animals is often attributed to some form of 
dietary indiscretion). The normal gastric 
mucosal barrier with ilS layer of mucus is resis
tant to gastric acid and the proteolytic enzyme 
pepsin. Damage to the gutnc mucosa rcsulu in 
back diffusion o f acid into the submucosa, the 
rclea.sc of histamine from mast cells and init ia
tion of an inflammatory response. The proximal 
small inttstine is frequ ently involved in the 
inflammatory process resulting in gastroenteritis 
with vomiting and diarrhoea. 

0' 10 radivo 
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TableS.1 Gastric and non'gastric causes 01 acute vomiting 

Gaslric causes 
Acute QdStfltlSlg.Jstroentemis 

Dietary lJ1(hscretion 

TOXins 

Poisons 

Drugs 

Inlectlous disease 
V,oJ 

Bactenal 

Parnsilic 

HaemorrllaQic gasfFoente"tlS 

Gastnc dltalilrlon 

Simple acute gastric dilatl1ton 

GastliC dilatation With volvulus 

Non·gastrlc causes 
Acute complete obstructIOn of/he 

prOXimal srrull/ntestme 

Acute paRCfeJtlr/S 

Acute liepa/ills 

Acute renal/ai/urB 

Pefllonitls 

Pyometra 

OlllbetiC ketoaCIdOSIS 

Acute urethral obstructIOn 

Hypoadmnocorflcism 

Acule vestibular dls&SII 

It)Cfeased Intracran~1 presSUfB 

Colitis 

AetiO lOGY 

Ingestion 01 grass. fortlOn bodies, CORtaminaleO or decomposing lood or 
rubbish: sudden cha,. In diet or overeating; dietary Intolerance 

Plant lo~ns, bactellal enlerotoxlns, uraemiC toxins 

Elhylellll gycol, heavy metals, cleamng agenlS, certain herbicides 

Non·sterOidal anti·inllammatory drugs, I_g aspirin, phenylbulalOne, 
Indomethacin, lboprulen afld lIunoon; prolonged high doses 01 
dexilmethasooe loIIowlng iRterver1ebral diSC surgery 

Ganlne distemper virus: canJne paNO'Vlrus: intectlOUS canine hepallllS Virus 
(!;anlR! adenovirus 1); !;anm! coronavirus 

leptospirosis (Leptosplro !;aniaJld, L iclerohaemorrhaQIJe); salmonellosIS; 
!;ampylobaeterlosis 

ToxocanasiS (vomlllng occasIOnally associated With a ileaV)' Toxocara 
canis bUiden) 

Possibly fepresems an anapllyiactlc response to bacterial (?clost/khal) 
toxins 

Usually seen in young pups and is associated Wllh overealing 

Seen most lrequently in large deep-c!)ested dogs (e_g_ setters, boxers, Irish 
wotthoondS); possibly associated WIth the feedinQ of a largl meal 
folfowed by a period 01 exercise 

Foreign body: IntussuscepUon: volvulus; strangulated hernia 

May be aSSOCIated With adbomlnaJ tliuma. pancleauc sUIQery, feedmg 01 
IIlglllat diets to obese dogs, pfolofllleO admlnistratlOfl of Iligll doses 0'1 
deKamettlasonll follOWing Intervertebral disc Sufgery 

Infechoos causes, e.g, leptosplrosis,lnfectlous cantne hepatlllS: toxins 

Acute Interstltlal nephritis, e_gleplosPlroslS (t canicoJa); acute 
glomerulonephritis: acute lubular necrosis (e g, ethy\efle glycoltoxlClty. 
aminoglycoside tOxlClty, prOlonged hypercalcaemia), renal ischaemia 
(eg_ associated With severe hypovolaemla) 

Intestinal perlofatlon; bla<kler rupture: pancreatItis, ruptured pyometra 

Vomllll'lg due to endotoxaemla 

Direct actIOn 01 ketone bodies on cllemDleceptor tngger zone 

Urethral calCutt or occaSionally neoplasia (e.g. transitional ceO carCinoma) 

Acute Addisonian crist-s; chronic form 01 the disease may cause 
Interml!1ent vomiting 

Motion sickness: vesbbu!itiS; hydroceptlalus; CNS neoplasia 

Cerebral oedema (head trauma); hytlrocephahrs; CNS neoplasia 

VomillnQ associated with VIsceral pam (me/eased sympathetIC aetMty?) 
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Table 5.2 Gastric and non-gastric causes of chronic vomiting 

GI.trlC ClUII' 
Gastric retentiofl 

Py\otIc stenosis 
Congel1ltal 

Acquired 

Pylorospasm 

GastroimflSt;ru/oosfrucoon 

Chronic tpStrltis 
Non'!tosive 

Chronic superficial gastritis 

Chronic atrophic gastntlS 

Chronic hyperplastic gulropathy 

EO$loophMIe gastntis 

Erosive (see causes of gastric ulceration below) 
GastrIC u~rar/On 

Gastric neoplaSIa 

Nan-listric elu," 
Chronic renal failure 

Chmnlc hypoadrMOCOffidsm (SH Tab~ 5. I, 

Chronic liver t1ISeaSfltMpatfc failure 

Chronic relapsing pancrealitls Of pancreatic 

'''''./" .. 

Aetiology 

VomlUng occurs at a variable Interval atler teedlng and occasionally may be 
descnbed as proiettlle 

Most commonly recognized in braChyCephalic brteds, eo boxers Ammat 
starts to vomit alter weaning, condition caused by Intrinsic hypertrophy 
01 the circular smoolh muscle ollhe pylOrus 

Occurs in associatIOn With antr.ll potyps, gastrIC foreign bodies, gastric 
ulceration or neoplasl.J. and hyperplastic gaslroparhy, 

Has ~n annbuted as a primary cause of gastric outflow obstruction in toy 
or miniature breeds especially in young, very nervous or excltlble 
animals; others SUlIoesllhat the delayed gastric emptying represents an 
abnormality in gastric motility, Le. (jastric stasis. Gastnc StasIS may be 
asSOCiated Wilh hypokalaemia. antlchOlinerglc ther.lpy, or as sequel 10 
acule pal'VOVlral enteritis or chronIC gastric distens ion 

Vomiting may be a reature of (1) a gastric foreign body whICh Intermittently 
eiTher partlatly or completely obstructs the pylorus or (2) a partial 
intestmal obSlrUCIlOn assoclated WIth a 10lel\1n body, Slrlctufe, 
intussuscepllon or neoplasia, e g adenocarcinoma of Ihe small inleSllOe. 

Inlitlratlon 01 the (jastr.c mucosa Wllfl plasma cells aM Iymphotyles 
suggeslS an Immune-mediated pathOgenesis DIagnosis: full thiCkness 
gastrIC biopsy 

Panetal cells replaced by mucus-prodUCIng celIS which may result in 
secondary bactenat overgrowth and diarrhoea. Diagnosis: /tIIlthlr:;kness 
gastnc biopsy 

Macroscopic thickening otlhe gaSli1e mucosa and rti93tlolds may result m 
gastric outllow obstruction. Aetiology uncertain; two known causes 01 
gastric mucosal hypertrophy and ulceration are systemIC mastocytosIs 
(wllh resultant release of histamine) and hypergastrinaemla Diagnosis, 
barium slulty, e,g. double contr.lst gastrogram, to show thICkened ruoal 
folds and a full thickness gastric biopsy 

Dltluse infiltration of Ille stomach wall WIth eoslnoptlils (occasl(lnalty 
discrete granulomatous nodules), 

Common sites tor peptic ulcers are pyIorit antrum, lesser curvature ollhe 
stomach and the pfOximaJ duodenum; may be assotJated with gastric 
neoplasia (see below), foreign bOOHlS, pylOlic stenosiS and chrOniC 
gaslrltis: may occur as superficial erosions or deep indurated ulCer 
Other causes Intlude drugs (non·steroldal anll-lnliammatory drugs and 
corticosteroids), chronic renallallure (uraemic gastropathy). hepatic 
failure, 'stress', systemic mastocytosis Of mastocytomas (WIth retease 01 
histamme) and the Zoilinger-€Jlison syndrome assocl<lted With gastnn
prodUCing lumours ot the pancreas (gaslnnomas). Oiagnosjs conlr.lst 
studies of Ifle stomaCh, gastrOSCOJ)Y.laparotomy and gastric blopsy_ 

Adenocarcinomas In older dogs (>8 years old) and may Involve pyloric 
antrum allll cause gas1tlc outflow obstruction, DiagnosIS as lor gastric 
ulcerallon, 

Associated With hypergastrinaemla which results in the increased secretion 
of gastric acid 

Chronic actM hepalltis, choianglohepatltiS, cirrhosis, hepatJc neoplasia 
and port05yslemic shunts 
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I COMPLICATIONS OF VOMITING 

• Dehydration 

Thc loss of water with sodium vi:l. gastrointesti
n;l.l tnct secretions eX;l.cerb:l.ted by decrc;l.5ed 
fluid inf:lke results in dehydration which, if 
severe enough, m:l.y le:l.d to preren:l.l :l.Zotaemi:l. 
espcci;l. lly in :l.n animal which alre;ady has 
compromis~ ren:l.l function e.g, chronic renal 
ill$ufficiency. 

I Electrolyte and acid-base 
disturbances 

Persistent vomiting may result in hYPollluraemia. 
The loss of sodium in excess of W:Hef c;auses the 
extr;l.cellular fluid to become hypotonic ;l.nd w;l.ter 
is taken into the cells by osmo$i$ (hypotonic 
dehyd!";ltion). This t!";lnsfer of fluid to the cells 
further reduces the volume of Ihe ;I. \ready 
depleted extracellular fluid comp;artmcm ;l.nd may 
le;ad to vascular collapse (shock). 

PeNistent and profuse vomiting may le;ad lO ;a 
defieit of 10(:1.1 body potassium :l.nd hypokalacmiA, 
signs of which include gastrointestin;al ileus and 
muscle weakness. Hypokal;aemi;a may also impair 
the ability of the renal tubules to coneentrau: 
urine which m;ay wONen the dehydntion. 

Pyloric outflow obstruction or high duodenal 
obstruction resulting in the loss of hydrochlori(: 
;acid m;ay lead to hypochloracmia ;and the develop
ment of met"bolic alkalosis. The laner may be 
accomp;anicd by a paradoxical aciduri;a u the kid
neys anempt to conserve bicarbonate ions to pro
tect against the anion (chloride) deficit. 

I INVESTIGATION OF VOMITING 

The severity and frequency of the vomiting (acute 
versus chronic), Ihe nature (appearance) of the 
vomilUs, the degree of weakness ;and depression, 
and the presence of serious, potenti;a lly life
threOl tening d inic.al signs such u dehydr.nion, 
shock, eoll .apse, fe\·er or .abdominJ.I pain dict:ue 
the extent of the initial diagnostic investig:n ions. 
Most cues of acute, uncomplic.ated g;l.5uitis or 
gutrocnteritis c;aused by simple dietary indiscre
tion may be expected to tcsolve within 24-48 h 
and require only conservative m;an;agement and 
supportive care, hence extensive l.aboratory ;and 
radiographic enmin;ations ;arc not justified. 

I§~ HISTORY CHECKLIST 

o Vomiting, regurglt.llng or retchIng? 
True vomiting, as described above, must 
be differentiated from ph;l.ryngeOlI retching 
;l.nd regurgitation. Pharyngeal retching occurs 
immedimly after the prehension of food. The 
animal becomes visibly distressed and has diffi
culty in swallowing (sec Chapter 6 on dysph;agia). 
Food and saliva may be expelled from ,he mouth 
and fluids may p.au down the nose producing a 
bilateral n:u.al discharge. Inhalation of food pani
cles results in p,uo"ysms of non-productive 
coughing :md ultimately ;l.5pin.tion pneumoni;a. It 
is also wonh noting that paroxysmal bouts of 
coughing, reg-,udless of the cause, frequently end 
with the ;animal gagging or retching and bringing 
up small amounts of cle,u mucus, phlegm or 
saliva, hence some owners may even confuse 
coughing with vomiting. 

Rq;urgit;ation is indic.ative of an oesophageal 
lesion. The ;animal pusivcly ejects food and 
s.a.liva sometimes in the sh.apc of a semi-formed 
tubul.ar 'e.asl' with Ihe he.ad lowered :l.nd mini
mal contnclion of the thoncic and abdominal 
muscles. 

Causes of ph.arynge.al retching and regurgita
tion arc listed in Table S.). 

o Breed , agl, slIand vacclnatlon stalus? 
Consider infectious c.auses of vomiting, e.g. 
canine di"cmpcr vi l"Us, canine parvovirus or 
feline panleUkopenia virus inf«tions in young 
animals which ,ue not vaccinated. Gutric dil;at.a
tion and volvulus is more common in luge deep
chcsted breeds (sClle-rs, boxers, Irish wol fhounds), 
Pylorie stenosis is more common in brachy
ceph;alic bre-cds especially boxers. 

a Agi 01 animal when fftll slarted to vomit? 
If the onset of vomiting is associated with wean
ing consider a v;r,scular ri ng anomaly, pyloric 
stenosis or abnormality in g;l.5tric motility result
ing in poor gastric emptying. If gastric outflow 
obstruction, vomiting may be proj«tile. 

o Onsel (Icul. or chronic), frequency and duration 01 
"mltlng? 

An animal which h:l.S been vomiting only onee or 
twice per day for 2- ) days and remains rel.atively 
bright and alert is less likely to require ;an exten
sive diagnostic work-up th:l.n an :mimal which has 
been vomiting intermittently for weeks/months 
;and is showing signs of systemic dise:l.Se (sec 
below). 
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Table 5.3 Causes 01 pharyngeal relching and regurgitat ion 

I'IIIrynglilrelC:hlllll 

I'tIarynglbsttonsi lIitis 

CricopharyllQeal achalasia 

Retropharyngeal fore1ul'l body 

Al'llmals may retch al'ld brillQ up clear phlegm 
folloWing a parOl}'Smal bout 01 coughillQ 

Regurgitation 
Megaoesophagus 

Congerulal 

Ac1!uired 

Oesophagealloreign tIody 

Otsophageil diverticulum (col'lgenltal or 
acqUired) 

Otsophaoeal stricture (col'lgenilal or actjUlfed) 

Otsophagilis 

Oesopllageal neoplasia 

Vascular ring anomaly 

Hialal hernia 

Gastio-oesophageal inlussusceptioo 

CommeAts 

Possibly inherited in cocker spaniels 

Highest Incidence in Germal'l shepller(!s, great Oanes al'ld Irish seners 
1(!lopathlc or associated With myasthenia graVIs, polymyopalhy, 

hypothyroidism, hypoadrenocorticlsm and lead poi5OOiOO; may also 
occur in associalion with a vascular ring anomaly, oesophageal stricture 
or oesophagitis (see belOW). 

Higher Incidence In teffier brellds 

May be associated WIth broncho-oesophageal fistula 

Intralummal 
COl'luenltal: librous bal'ld constricts oesophageal lumen 
Acquired: scar tissue following ingestion 01 an oesophaoealloreign body Of 

primary oesopllageal neGJllasia (rare) 

Extra/urniflill 
Conoenilal: associated With a congenilal vascular ring anomaly 

(oesophageal striclUfe occurs over base of heart) 
Acquired: compression 01 the oesophagus by a large neoplastic 

intrathOracic mass, eg. lymphoma involvlOlI the thymus or bronchial 
lymph nodes, or other laroe mediastinal masses; iatrogenic lorm 
occasionally occurs 2-14 days alter !he admll'listralJon of lIaseous 
anaesthesia via an endotracheal tube (more common in cats). 

Rare: usually a sequel to an oesopllagealloreign body or associated WIth 
gaslro-oesophageal retlux 

Rare: sartomas With Spi~fC<Ilupiinlection 

German shepherds and lrtsh sellers predIsposed 

.". 

.. " 

Amount , colour and consistency of vomitus? stomach for some time has l typiell 'coffee 
grou nds' appearance. The presence of bile rules OUI. :t complete pyloric 

obstruction. Under normal circumsl:tnees;tll food 
should have leh the slOmach &--8 h aher a meal. 
The vomitus of anim:tls with g:tSuic outflow 
obstruction cont-:lins partially digested food and 
saliva with lillIe or no bile. Haematcmesis (the 
prescnce of blood in the \'omitus) warrants a more 
aggressivc diagnostic ;tpproach. Flecks or clots of 
fresh blood indic;tle recent mucosal damage 
whereas digested blood which has been in the 

o Colour and conslsfency 01 faeces? 
Is the vomiting accomplnied by diarrhoel and if 
so which camc first? Many animals with simple 
gastri tis initially \'omit before developing di:tr
rhoea and signs more consistent with gastro
enteritis. Has there been evidence of either fresh 
blood in the stool (e.g. canine parvoviral 
gastrocnteritis, haemorrhagic gastroenterit is) or 
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melaena (bleeding lesion higher up the gastroin
testinal tr.tet e.g. intestinal or gastric tumour)? 

o Diet and appetite? 
Consid('r fr('qu('ncy of fewing, amount flxl. 
reccnt di('tary changes and relationship of vomit
ing to feeding or drinking. Is dog a scavenger or 
showing signs of pica? Consider the possibility of 
ing~s tion of foreign bod ies, comaminared food or 
t OXinS. 

o Signs 01 systemic disease or other clinical signs? 
Many d inical signs associated with vomiting 
such :1S depression, lethargy. weakness and 
inappetence arc non-specifi c and of limited 
diagnostic value. They may simply reflect a 
state of nausea or a mild degree of dehydration. 
Other more specifi c historical data such as 
polydipsia and polyuria, halitosis, jaundice and 
abdominal pain are suggesti\'e of specific organ 
dysfunction. 

Q Is vomiting aSloclated with travet? 

Q Previous medical or su~ical problemland recent 
or current medlcallon? 
Non-steroidal anti- inflammatory drugs such as 
aspi ri n, phenylbUl'azone, ibuprofen and flunixin 
mly cause vomi ting as a side effect. 

1",1 PHYSICAL EXAMINATION 

o Temperature , pulse and resplrallon? 
Fe\'er nuy indicate an infectious process or possi
bly severe abdominal pain. Signs of hypovolaemic 
shock mly be apparent with severe dehydration, 
i.e. a 10-15% flu id deficit or dogs with acute 
hypoadrcnoconicism (Addisonian crisis). 

o Clinical evidence of delrydralion? 
'Tenting' of the skin provides a rough indicator of 
hydration status but is unreliable in very thin or 
obese animals. The fi rs t d inical signs of w:llcr loss 
and extracellular flu id (ECF) volume contraction 
become evident when body weight is reduced by 
5-8%. The signs become mo re obvious by 10% 
and with 15% loss of body weight signs of hypo
volaemic shoc k become evidenl. Signs of ECF 
volume depletion include a weak, rapid pulse, dry 
mucous membranes with prolonged clpillary 
refill time, decreas('d skin elas ticity, sunken eyes, 
dccreased urine outpUt and microcardia on 
thoracic radiographs. 

Q Iclerlc mucous membranes? 
iCleric mucous membranes may occur with pri
mary liver disease (e.g. acute or chronic hepatitis). 
or as a result of occlusion o r compression of the 
bile duct in associa tion with acute pancreatit is or 
pancreatic neoplasia. 

Q Enlarged peripheral lymph nodts? 
Dogs with lymphoma may vomil as a result of 
organ d ysfunction or the hyperc.alcaemil which 
frequently accompanies the malignancy. 

o Halitosis and/or oral or lingual ulceralJon? 
Consider chronic renal failure or possibly the 
ingestion o f caustic substances. 

Q Abdominal palpation 
A thorough physical examination should include 
a u rdul systematic examination o f the :l.bdomen. 
Elevlting the animal's forelimbs may permit 
palpation o f organs in the cranial abdomen and 
occasionally gastric foreign bodies. The presence 
of any abnormal abdominal masses should be 
recorded. Particular altenlion sho uld be paid to 
the size. sh:l.pe and consistenc), of the kidneys and 
liver (palpation of Ihe lalter usually indicates 
hepatomegaly). The ulerus may be palpable if it is 
dis tended (pyometra or pregnancy). Abdominal 
pain may be associaled with acute g:l.slri tis or gas
troenteritis. pancreatitis, hepati tis, pyelonephritis, 
peritonitis, closed pyomcrriris, and acute intesti
nal obstruction associated with the ingestion of 
foreign bodies or intussusception. Abdominal 
pain is an inconsistent finding in dogs with 
hypoadrenoconicism. 

o Rectal examination 
Where appropriate. a rectal examinalion may con
fi rm an owner's suspicion o f melaena. 

Based on the his tory and clinical findin gs a 
more extensive laboratory and radiographic 
investigation is indicated if: 

I. the vomiling is frequent and accompanied 
by systemic signs such as fever, dehydration, 
shock, collapse o r acute abdominal pain; 

2. the vomitus contains a significant amounl of 
blood; 

3. the vomiting is an intermittent o r recurrent 
problem; 

4. the initial ('pisode of vomiting fails to respond 
to conventional symptomatic treatment for 
acute non-specific gastritis or gastroenteritis. 

AvlC'rsko ;.asc !e'lO gradivo 



I FURTHER INVESTIGATION 

• Routine haematologlcal exam ina ti on 

Many vomiting animals may show l 'stress 
leucogr.am' characterized by a mild mature neu
trophilia, lymphopenia and eosinopenia. A more 
pronounced neutrophilia, often accompanied by a 
left shift, is indicative of an infbmm:uory disease 
process o r sepsis, e.g. pyometra. Leucopenia (usu
ally the rnult of a nC'Utropeni;l. with or without a 
degen~ative lert shift) may be usociau'd with 
acute Gram-negative sepsis (e.g. acute u.lmond · 
losi5) or the acute phase o f most viral inf«tions 
including parvoviral ga.n~nteril is. If tht animal 
survives the initial 24-48 h period tht" neutropenia 
gives way to a neutrophilia and regenerative left 
shift. Eosinophilia is an inconsistcm fut ure of 
eosinophilic gastroenteritis; cosinophili;l with an 
;lccompanying lymphocytosis occasionally occurs 
with hypoadr~nocorticism. Th~ p:acked cell vol· 
ume (PCV) and total pluma protein (TPP) con· 
cenmtion provide only a very rough aU~5ment 
of an animal's hydration status. An increue in 
PCV and TPP concentration may indicate dehy· 
dration. Anaemia may be associated with bleeding 
gastrointestinal lesions, chronic renal failure, 
acute or chronic hep:atitis :and hypo3dr~nocorti. 
cism. Chronic h;lemorrh:lge from :I gastrointesti· 
nal lesion may result in the typical 
non·regenerative microcytic, hypochromic 
anaemia associated with iron deficiency. 

• Comple.e biochemical screen 

A complete biochemical screen provides urly 
diagnosis of many of the potenti:1l1y life· 
thre;ltening merabolic causes of acute or chronic 
vomiting such :15 diabetic keto:1cidosis, hypoad· 
renocorticism, chronic renal f:1 ilur~ and hepatic 
failure . Electrolyte concentrations 3re p:articu· 
larly important since they may not only indicate 
the cause of the vomiting but shou ld be raken 
into consider-lotion when pl:anning fluid therapy. 
For example hyperkalaemia when accompanied 
by hyponatnemi:a is highly suggcst;\'e of 
hypoadr~nocorticism and the administration of 
additional pou.ssium in intravenous fluids is 
contr.tindicated. Similarly an animal which is 
vomiting because it is hypercalcaemic should be 
diuresed with isotonic (0.9%) sodium chloride. 
Lipue and amylase assays should be performed 
to rule out pancreatitis especially if :acute vomit· 
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ing is associated with abdominal pain :lnd plain 
abdominal radiogr.tphs are inconclusive . 

• Urinalysis 

Increased plasma urea and creatinine concentn.· 
tions should always be interpreted ;n association 
with urine specific gril.vity to differentiate pre· 
renal azotaemia associated with severe dehydra· 
lion or hypovolaemia from primary renal discas~. 
Hence it is important to obtain a urine sample 
befofe intravenous fluids are administ~red. 
Calculation of the urinary fn.ctional ~xcretion of 
sodium may also usist in differentiating prerenal 
azotaemia from :lcute renal failure (normal less 
than 1%). 

• Examination ollaeees 

A f:lC'Cal sample should be subminw for :l 
wonn egg count and bact~riological eX:lminuion 
especially when vomiting is accompanied by 
di:ltrh~;a . 

• pH Gllh. vomll.s 

The pH of the \'omitus may help diffe rentiate true 
vomiting from regurgi tation :lssociated with 
~soph:age:l l disease. Regurgitated fluid :lndJor 
food containing salinry secretions is alkaline 
whereas vomitus of gastric origin has a pH of .f or 
less . 

• Ar.erlal blood gas analysis and pH 

When appropriatc facili ties :lrc :lvailable the 
acid-bue status should be assessed by measuring 
the pH and lotal concentration of carbon dioxide 
of arterial blood (or fail ing this the plasma con· 
centralion of bicarbonate). 

• EleCirocardlography 

An ECG should be performed if hypoadrenocor. 
ticism is suspected, i.e. vomiting is usociated with 
bradycardia and signs of hypovolaemic shock. 
Hyperk.alaemi.a may rtsult in an absence of P 
waves (atrial st:lndstill), pe;aked T waves and, if the 
bradycardia is pronounced, a sinoventricular 
escape rhythm. 
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• Radiography 

Plain later;'ll and \<entrodorsal views o f the 
;'Ibdome.'n fr«juent ly pro\'ide useful diagnostic 
information< With acute p;'lncreatitis an ill-ddi ned 
;'Irea of opacity due to localized peritonitis may be 
seen in the cr;'lni;'ll ;'Ibdomcn with 'fixation' and 
d ilation of the duode.'n;'liloop< Thc size of thc liycr 
can be :lSsessed by eumining the position of the 
gastric uis. Hepatomegaly may be seen with pri
mary (e.'.g. chol;'l/lgiohepatitis or he.'pa lie neop\;'lsi;'l) 
or se.'condary liver disease (e.g. di;'lbetes mellitus). 
He.'patic disorders Ie.'ading to hep;'ltic insufficie.'ncy 
or hepatic failure (e.g. hcp;'ltic fibrosis or cirrhosis, 
or portosyslemic shunts) may cause a reduction in 
the siZe.' o f the.' liver. In cuu where re.'gurgitation 
cannot be diffcrenti;'lted from vomiting on a his
torical b;'lsis;'l launll':l.diograph of the thorax may 
help rule out meg~oesophagus. A small he~n 
(microcardia) espttially if aecomp~nit'd by hyper. 
lucency (unde.'rpe.'rfusion) of the.' lung fields sug
guts hypovolaemi;'l ;'Ind is suggucive of 
hypo~drenocorti c i sm. 

Comnst studies of the g~s trointeslin~1 traCt 
are generally reserved for cases of chronic or 
recurrent vomiting when a di;'lgnosis cannOt be 
made from the history, clinical signs, initial lab· 
oralory tests or plain radiographs. For routine 
use, commercially prepared barium prepuations 
:lfe the safest and best since the.'Y arc wdl toler
:ued even in dehyd rated animals. When perfora
tion of the gastroimestinal IraCI is suspected, 
prde.'rence is given to a water-soluble organic 
iodine.' preparation (e.'.g. Conray, Mallinckrodt 
Medical UK Ltd or Cutrografin, Schering 
He.'alth Care.') since le.'akage.' of barium into the 
mediastinum or periwneal cavity can elicit a 
granu lomatous inflammatory response. For the 
SJ.me reason c:ue should be e.'xe.'rcise.'d if per
fo rming gastrointestinal surgery on an animal 10 

which barium hu r«endy be.'en administe.'red. 
Organic iodine preparations should be used 
cautiously in hypovolae.'mie o r dehydrated ani~ 
mals since they are hypertonic and dr:lw fluid 
into the intestinal lumen. 

Contrast examinat/on of the oesophagus 

Contl':l.st examination of the.' oesophagus may be 
necessary when re.'gu rgit:ltion cannot be differe.'n
tiated from true vomiting. Lateral views of the 
neck and thorax are taken immediately after swal
lowing a thick viscous barium paste (E-Z Puce; 
E-Z-EM Inc.) or after feeding tinned dog food 
mixed with a quaner of its yolume of 100% wlv 

barium su lphate suspension (Polibar Rapid; E-Z
EM Inc.). The lalter may demonstrate more fully 
the severity of the mcgaoesophagus and provide.' 
a more accurate assessment of its functional . 
t:1paClty . 

Contnst examination 01 the stomach and sma" 
intestine 

A full barium siudy eV:lluates gastric emptying 
and follows the passage of contrast material 
through the small and large.' intestines. It also 
permits :l subjective :lssessment of the.' size. 
shape and posit ion of the stomach and inle.'stines 
in relation to other \·iseen. Adequ:lte patient 
preparation is essential in order 10 o btain an 
optimal study. The :lnimal should be.' futed for 
12- 24 h and given a soapy water enema 1-2 h 
before the study is due to su.n (usually ben if 
scheduled for early morning). If necessary the 
patie.'nt may be sedated with aeepromazine since 
this drug h;u a minimal e.'ffect on gastrointesti
nal motility. Fo r reference. plain radiosraphs of 
the abdomen should always be t:lken before the 
administl':l.tion of the c;;ontrast agent, usually a 
fine 100% wi \' suspe.'nsion of barium su lph:lte 
(Polibar Rapid; E-Z-EM Inc.). The barium can 
be given either via a large syringe atuehed 10 a 
flexible rubber tube or via a stomach tube (8-
t2 ml klfl bodyweight for small and medium 
sized dogs and cau; 5-7 ml klfl bodyweight for 
large dogs). Lateral and ventrodorsal views of 
the abdomen arc raken immediately and approx
imately 15 min. JO min, 1,2 and .. h thereafter. 
The intervals at which the huer films are.' taken 
will vary slightly depending on the rate at 
which barium passes through the gastrointesti
nal tract (G JT) as well as the segment of the 
CIT which is of particular interest. In most ani
mals the duodenum is filled within 15- JO min 
and the jejunum after I h. Barium usually 
re.'aehe.'s the.' caecum between 1.5 and 2 h and is 
present in the colo n after J-4 h. The study 
should be continued until barium has left the 
small bowel. In most casts all barium should 
have left the stomach aher 4-6 h although 
occasionally a small quantity of barium is still 
yisible in the stomach after this period. Gutric 
emptying may be delayed in very nervous or 
e.'xeited dogs. A final radiograph should be 
taken the following morning. i.e. approximately 
24 h after the administration of the barium to 
define lesions in the small intestine or colon 
which retain barium. Significant lesio ns should 
be yisible as consistent filling defects on succes
siye.' films. 
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Cont, .. , .um/n.t/Dn Df thl rtDmlth 

If a gastric foreign body is suspected but is not 
visible on plain survey radiographs, a small 
quanti ty (10-20 ml) of 100% w/ v barium sus
pension may be given to coat the surface of the 
foreign body without obscuring it. Four views 
of the stomach should be taken immediately 
and at 15 min intervals thereafter (~ following 
section on double contrast gastrography). If no 
foreign body is detKted a full barium srudy 
with follow through as described above can be 
performed. 

DOIbie contnst Distrollrim 
A double contrast gastrogram (DeG) provides 
a more detailed evaluation of gastric mucosal 
integrity. A OCG is indicated in any animal with 
a history of chronic vomiting and/or haemateme
sis when an ulcerative inflammatory or neoplas tic 
lesion involving the gastric wall is suspected. The 
dog is first sedated with acepromazine; the intra
venous administration of hypotonic agents such 
as glucagon delays gutric emptying and allows 
adequate distension of the stomach with air (see 
Table 5.-4 for dose). A high density 170-200 wl v 
harium sulphate susperuion (Bari top Plus; 
Bioglan Laboratories Ltd) is administered via 
stomach rube (2 ml kg-I bodyweight) foll owed hy 
approximately 20 ml kg-I bodyweight of ai r. The 
stomach rube is removed and the animal is routed 
through J6O" to ensure barium coats the entire 
mucosal surface. Four views of the abdomen are 
taken immediately (Fig. 5.1 a, h, c, d) and at 15 min 
intervals thereaher. The right lateral (RL) (Fig. 
s. lh) and donovenlt2l (OV) (Fig. s .le) views con
centt2te barium in the dependent pon ions of the 
stomach (pyloric antrum and body of the stom
ach, respectively) with gas in the upper ponions; 
on the left lateral (ll) (Fig. s.l a) and ventrodorsal 
(VO) (Fig. s .ld) views barium is concentrated in 
the fundus with gas in the pyloric region. 

T.bl. 5.4 Intravenous dose 01 glucagon lor a double 
contrast gastrogram 

HI 
!>-20 
21--40 
>40 

0.\ 
0.2 
03 
035 
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• Endoscopy 

Gastroscopy, using a long Oexible fibreoptic endo
scope is a useful non-invasive technique fo r iden
rifying the presence of gastric mucosal lesions such 
as ulcers, tumours and polyps when radiographic 
findings are either negative or equivocal. It may 
also be possible 10 remove small gastric foreign 
bodies or to obtain 'grab' biopsies of mucosal 
lesions using grasping forceps introduced via the 
biopsy channel of the endoscope. The major dis
advantages of gastroscopy are that, although pro
viding an excellent view of the gastric mucosa, it is 
not possible 10 assess gastric wall thickness and. in 
the hands of an inexperienced operatOr, some 
lesions may not be detected. In some cues a super
fi cial ' gt2b' biopsy may be less informative or even 
misleading when compared to a full thickness 
biopsy of the gastric wall obtained at surgery. 

• Exploralory laparolomy 

Blind surgical exploration of the abdomen in the 
absence of extensive laboratory and t2diographic 
examinations is rarely productive. H ow many 
dogs with megaoesophagus have bccn subjected 
to unnecessary abdominal surgery because their 
chests were not t2diogt2phed beforehand ? 
bploratory laparotomy is only indicated when: 

1. Radiographic o r endoscopic findings are 
inconclusive; 

2. Confi rmation of a tentative diagnosis requires 
histological examination o f a full thickness gas
tric or intestinal biopsy, o r complete resection 
of the lesion; 

3. A mo re accurate usessment of the severity and 
extent of the lesion is required prior to possible 
resection. Some gUtric tumours for example do 
nOI penetrate the mucosal surface and yet 
nevenheless cause a significant degree of 
pyloric OUtOOW obstruction because of the 
extensive submuco5a1/sero5a1 infiltration. 

GENERAL MANAGEMENT AND 
TREATMENT OF THE VOMITING 
ANIMAL 

The immediate aims of treatment are (1) to correct 
or remove the primary cause of the vomiting, 
(2) to control the vomiting episodes thereby allev
iating the funher loss of fluid and electro lytes. 



• 
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Figura 5.1 Four views of a double contrast gastrogram from a normaI6-year-old Bernese mountain dog. (a) (left 
lateral projection) Barium is fillinllthe fundus and air is present in the pyloric antrum. (b) (right lateral projection) 
Barium is filling the pyloric antrum and air is outlining the rugal folds within the fundus. (c) (dorsoventral projection) 
Barium is Iilling the ventlCll parts 01 the stomach body and pyloric antrum. Gas is outlining the rugal folds in the dor
sal parts of the fundus. (d) (ventrodorsal projection) Barium Is filling the fundus and pyloric antrum. Air is outlining 
the rugal folds in the body 01 the stomach. Barium is starting to leave the stomach. Photographs courtesy of Michael 
Herrtage. 

;I.nd (J) to correct any flu id. electrolyte or 
acid-base d isturbances which may be present. The 
treatment o f specific dise:lSes which cause vomit
ing is discussed in Se<:lion I I. 

Most cascs of acute, non-specific gastritis o r 
gastroenteritis are self- limiting or respond within 

24-48 h to symptomatic therapy consisti ng of the 
following. 

1. Withhold all food for 24 h (water for 12 h). 
2. After 12 h offcr:l small amount of water or 

icccubcs 

b 

d 
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J. After 24 h, if water is lOlerated, introduce a 
bland carbohydrate consisting of cooked rice, 
lean minced beef, chicken, cOtt:tgc chccsc, baby 
food or a commercial prescription diet (e.g. 
Waltham Low Fat Diet). Avoid diets high in fat 
or protein. Initially split lOtal daily require
ment into three or even four small meals. 
Consider an exclusion or hypoallergenic diet 
containing mutton and rice, or a prescription 
diet (e.g. Waltham Hypoallergenic Diet) if 
allergic gastritis is diagnosed or suspected. 

Persistent vomiting results in dehydration and 
electrolyte and acid-base abnormalities, the sever
ity of which depend on the frequency and cause of 
the vomiting and the volume of fluid lost from the 
gastrointestinal tract. 

• Fluid Ihorapy 

Fluids are best administered via the intravenous 
rOUie since subcutanc:ous fluids arc poorly 
absorbed in dehydrated animals. Intravenous 
fluids must supply maintenance requirements 
(40-60 ml kg"" bodyweight 24 h-I), must correct 
any elCisting fluid deficit, and replace continued 
losses as they occur. The fluid deficit may be cal
culated as follows: 

Fluid l'UIuircd:a BW (kg) x % dehrdration x 1000 -i- nuin
(della! in ml) tmance (40-60 m klr ' 24 h-') -i- extQon.!i

Iluy 10SU$ (tstim~led fluid l~ due to 
"omiting ~nd diarrhoea) 

About 75% of the total fluid deficit may be 
replaced over the firs t 24 h and the remainder over 
the next 12 h. If facilities for measuring elec
trolytes and acid-base sutus arc not available an 
isotonic balanced electrolyte solution such as 
Hartmann's solution is generally satisfaclOry. 
Vomiting results in the loss of sodium, potassium 
and chloride. The most common 3bnormality is 
hypokalaemia accompanied by a meubolic acido
sis which may be at least partially compensated by 
a respiratory alkalosis. Hence. it m:ly be necessar)' 
in many cases to supplement with additional 
potassium; 20 mmol of pOl'assium chloride may 
nfdy be added to each litre of fluids and, if renal 
function is normal, infused at a rate not exceeding 
0.5 mmol of potassium per kg bodyweight per 
hour. When vomiting is severe and associated 
with gastric outflow obstruction, a hypokalaemic, 
hypochloraemic metabolic alkalosis with para
doxical aciduria may develop. If a met3bolic alka
losis is suspected 0.9% saline is the fluid of choice; 
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correction of the chloride deficit results in the 
renal excretion of bicarbon:lte with conserv.:uion 
of potassium. The use of an alkali buffering solu
tion such :IS lacuted Hartmann's solution is only 
indicated in cases of confirmed metabolic 3cidosis. 

• Aniiemelles 

Antiemetics are indicated only when vomiting is 
so se\'ere and profuse that fluid, electrolyte and 
acid-base abnonnalities arc difficult to control. 
They should be administered only after the possi
bility of pyloric obstruction or a gastrointestinal 
foreign body has been ruled OUI. Antiemetic 
drugs act by blocking the chemoreceptor zone 
(efZ), the vomiting centre or the vestibular 
apparatus. Common antiemetic drugs used in 
veterinary practice include the following . 

I. An/ihiJtamineJ (e.g. promethazine, diphen
hydramine) block the C I Z and depress input 
from the vestibular apparatus. Indications: 
control of motion sickness or vomiting associ
ated with vestibular disease. 

2. Phenot/}iazines (acetylprom:lzine, chlorpro
mazine, prochlorperazine) block the crz but 
also possess weak anticholinergic properties. 
They 3re effective in blocking viscerally stimu
lated vomiting of acute g:lstritis but will not 
block \·omiting induced by severe viscer:ll pain 
or spasm. Chlorpromazine is an effective 
antiemetic and has minimal tranquillizing 
action. Phenothiazincs have :In alph:l-adrener
gic action which causes arteriolar vasodilation 
and hypotension. The use of these drugs is 
therefore contraindicated in dehydr:.ued or 
hypovolaemic animak 

J. Parasympatholytic drugJ (atropine sulphate, 
propantheline bromide) decrease visceral 
motility, spasm and gastrointestinal secretions 
by inhibiting visceral afferent vagal impulses. 
They arc the least effective of the antiemetics 
and their prolonged use (i.e. greater than three 
days) may induce gutrie atony and intestinal 
stasis. The main indications for their use 3re for 
thc treatment of suspected cases of congenital 
pyloric stenosis (contraindicated if gastric out
flow obstruction is due to an organic lesion). 

4. Metodopramide increases the tone and ampli
tude of ocsophageal and gastric contractions, 
rel:u:es the pyloric sphincter thereby promot
ing gastric emptying, and increases duodenal 
perisralsis. The actions of metoclopramide arc 
mcdiatcd by its antidop:lminergic effects on the 
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C I Z. Indications: (a) culy morning bilious 
vomiting, (b) vomiting associated with canc~r 
chemotherapy, (c) acute non-specific gastri tis, 
(d) acute viral gastroenteritis, and (e) treatment 
of delayed gastric emptying associated with 
gastric ulceration or neoplasia (except when 
the outflow obstruction is associated with 
an organic lesion. e.g. neoplasia invo lving the 
pylo ric antrum or gastric foreign body). 

• Histamine blocking drugs 

Histamine blocking drugs such as cimctidine or 
ranitidine block the H: receptors on gastric pari
cu.I cells resulting in a marked decrease in gastric 
acid secretion, Indications: gastric or duodenal 
ulceration, reflux oesophagi tis, uraemic gutre
pathy and chro nic gastritis. 

• Antacid. 

Ant'acids such as :lluminium hydroxide, magne
sium hydroxide or magnesium trisi lic:lu must 
be given every 2-4 hours to effectively buffer 

gastric acid. Indications: gastric o r duodenal 
utcer:uion. oesophagiti! associated with gutro
oesophageal reflux of acid), and management of 
dogs with chronic renal failure (aluminium 
hydroxide binds dimry phosphat~). Both alu
minium hydroxide and magnesium hydroxide 
may inhibit the absorption of ora.lly adminis
tered cimetidine. 

• Antib iotics 

Antibiotics are indicated o nly for the treatment of 
specific bacterial infections. The use of coni
costeroids should be restricted to cases of 
immune-mediated gastrit is or gas treent~ritis, ~.g. 
chronic eosinophilic gastritis. 

• Oral prolectants 
Oral protectants such as kaolin, kaopectate and 
bismuth preparations are rarely indicated si nce 
they do not effectively coat the damaged gastric 
mucosa. 
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Dysphagia, Regurgitation and 
Ptyalism 
c. M. Elwood 

Dysphagia is difficulty swallowing, regurgitation 
(in rdation to alimentary fun ction) is the flowing 
back of undigested food, and ptyalism is excessive 
salivation. Thcse: clinical signs arc often associated 
with disorders of swallowing function. 

NORMAL ANATOMY AND PHYSIOLOGY 
OF SWALLOWING 

The process of sw .. llowing P;USC$ food from the 
mouth through the oroph:trynx, the laryngophar
ynx, the oesophagus and the gastro-oesophagcal 
junction to the stomach. There are three phases of 
normal swallowing, oropharyngeal, pharyllgf.'al 
and gastTo-oesophageal. All of these phases 
require: sequential, coordinated reflex actvity of a 
number of nerves and muscles. 

The normal pharynx consis[S of three regions; 
the o ro pharynx ventrally and the nasopharynx 
dorsally, divided by the soft palate, and the caudal 
common chamber, the laryngopharynx. The 
pharynx has four openings: to the nas.ll cavity, the 
oral cavity, the larynx and the oesophagus. It 
receives innervation from cranial nerves V, IX 
and X. The activity of pharyngeal and palatine 
muscles is under reflex control. 

Following prehension and chewing of food o r 
drinking of fluid, a bolus is formed a! the base of 
the tongue and is passed volunurily into the 
oropharynx. This initiates a series of reflex events. 
Afferent impulses pass from receplOrs in and 
around the pharynx, via the trigeminal and glos
sopharyngeal nerves, to the tractus solitarius, 
thence to the nucleus tractus solitarius and reticu
lar fonnation and on to the swallowing centre. 
The swallowing centre sends inhibitory impulses 
to cease respir:u..ions and excitatory signals to the 
cranial nerve nuclei V, VlI, IX, X 3.nd XII. As a 
result o f these signals, there is contraction of pala
tine muscles to raise the soft palate and close off 

the opening to the nasal cavity, there is closure of 
the glottis, the larynx is pulled rostrally, elevating 
the epiglonis, and there is a sequential contraction 
of pharyngeal muscles from a rostral to a caudal 
direction which propels the bolus c3.udalJy. 
Rt"iaxation of the thyropharyngeus and cricopha
ryngeus muscles allows p3.Ssage of the bolus into 
the cranial oesophagus, via the upper oesophageal 
sphincter. This initiates the oesophageal phase of 
sW3.lIowing. 

The oesophagus is a long muscular tube con
sisting of four layers, the mucosa, the submu
cosa, the muscularis and the adventitia. In the 
dog there are two layers of oblique striated 
muscle throughout the length of the oeso
phagus, where3.s in the c;!. t there is a gr;!.dual 
transition such that the distal one third is pre
dominantly smooth muscle. The oesoph3.gus 
receives and sends nervous impulses via the 
vagus nerve. When a food bolus reaches the 
oesophagus a peristaltic wave of contraction of 
oesophageal muscle is required to push the 
bolus aboral\y into the stomach, through the 
lower oesophageal sphincter. This is a reflex 
event under central control, coordinated vi;!. the 
swallowing centre and the nucleus ambiguus of 
the vagus nerve. Primary peris t~ltic waves are 
initi;!.ted as part of the swallowing reflex, ;!.nd 
may be suffici ent to propel liquids distally, but 
often a bolus of food will not pass to the 
stomach foll owing primary peristalsis; in this 
case a 'secondary peristaltic wave' is initiated. 
Secondary peristalsis requires sensory input 
from r«eptors in the oesophagus, which recog
nize distension of [he lumen, and travel to the 
t(;l.CtuS solitarius of the spinal cord 10 the 
nucleus t(;l.ctus solitarius and thence to the 
swallowing centre. The motor characteristics of 
secondary peristalsis appear [0 be indistinguish
able from primary peristalsis. 

The lower oesophageal sphincter consists of a 
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number of functional portions: (a) interdigi tating 
rugal folds, (b) the right diaphragmatic crus, (c) 
the oblique impl.mtation of the oesophagus into 
the stomach, (d) a muscular sting from gastric 
smooth muscle and (c) a shon intra-abdominal 
segment which allows compression of thc termi
nal ocsophagus by positi ,'e intra-abdominal 
pressure. Lower oesophageal sphincter tone is 
p:uti:dly under the control o f the ,';tgUJ nerve, but 
also has r«eplOr! for hisumine (H I type), gastrin 
and acetylcholine. Relaxation of the lower 
oesophageal sphincter allows pasuge o f a food 
bolus (rom the oesophagus to the stomach. 

Norm;tl swallowing is accompanied by the 
production of lubricating saliva ",·hich occurs 
following a number o f stimuli, including (a) 
anticip:u ion of !!:lting. (b) sight, smell and taste 
of food, (c) mechanical stim ulatio n of the upper 
mo uth and oesophagus, (d) stimulation of the 
vomiti ng reOex. (c) intense t:utes (e.g. bitters). 
and (f) direct stimulation of muscarinic acetyl
choline r«eptors in the salivary gland. Saliva 
is normally swallowed and puses into the 
sto mach. 

I PATHOPHYSIOLOGY 

• Dysphagia 

Interference with the normal swallowing process 
~uses dysphagia. Thus. obstruction, sensory 
abnormalit ies. pain or neuromuscular dysfunc
tion in the mouth, pharynx. oesophagus or lower 
oesophageal sphincter can all elicit signs of 
dysphagia (fable 6. J). 

• Rogurullallon 

Regu rgi tation usually manifests when food 
boluses cannot pass through the upper 
ocsophageal sphincter, the ocsophagus o r the 
lower oesophageal sphincter. This nlay be the 
result of obstruction, immotility, or pain (fable 
6. 1 ). 

• Ply.lIsm 

This occurs either as a result of an excessive pro
duction of saliva or an inabi lity to swallow saliva 
(Table 6.1 ). 

INVESTIGATION OF DYSPHAGIA, 
REGURGITATION AND PTYALISM 

I§~ I HISTORY CHECKLIST 

o Age, breed and l ex1 
Congenital d isorders arc most likely to manifest 
in younger animals, o ften at we.aning. Conditions 
to consider in young animals include congenital 
mcg.aocsophagu5, vascular ring anomalies and 
congenit.al cricoph.aryngeal stricture or achalasia. 

o II the animal reguroltallng , vomiling or retching? 
Distinguishing betwttn these three presentations 
is extremely importan t: the distinction will usu
ally not be made by thl.' owner. 

Vomiting is .a refl ex activit)'. in which the 
animal may sllow init i.al 52livation. follo wed by 
lowering of the head, active contraction of the 
abdominal muscles and return o f gastric contents 
(which may sometimes be tinged yello w by bile). 

Regurgitation is a passive rcturn of food o r 
Ouid, there are usually no pr«eding signs of 
nause.a .and no warning of its occurrence; ingesta 
returns with minimal effon from the .animal. 
Food is undigested, but may remai n in the 
ocsophagus for some time after ingestion, thus 
time between eati ng and return of food docs not 
distinguish between ,'o miting and regurgitation. 

Rf'uhi" g is the act of dearing the upper airway, 
often foll owing a bout of coughing. It may be 
productive or non-productive and is usually 
accompanied by a 'gagging' noise. 

a Is there a comblnallon 01 vomiting and 
reguf\lltlUon? 

Signs of both ,'omiting and rcgurgit'ation may be 
seen with conditions of the lower oesophageal 
sphincter region (e.g. hiaul hernia) or with reflux 
oesoph~g.itis subsequent to vomit ion of irril;ant 
gastric JULces. 

o AppeUte? 
A decrease in .appetite suggests pain. nausea or 
systemic illnC'Ss. N on· painful diseases such as 
id iopathic mcgaocsophagus are not associated 
with d«reascd .appetite unless there arc complica
tions (e.g. aspiratio n pneumonia). 

o Is there a difference In the ability to swallow ftu lds 
compafed wllh solids? 

Partial obstruction or painful conditions (e.g. 
ocsophagitis, vascular ring anomalies) ma), .allow 
an ;animal to swallow fluids better that solids. 
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Table 6.1 Conditions associated wi th clinical signs 01 dysphagia, anellor regurgitation, anellor ptyalism 

DysphaRla Relurgitation ptyalism 

Systemic dlsease 
Hepatic encephalopathy , 
Nausea from ottler disease , 
Tonlile disorders 
Neoplasia , I' I 
Necrosis , III Glossitis , 
Paralysis (CN XU) , ("I 
01'11 tlvlty disease 
Oental disease , , , 
Gingivitis , , 
Neoplasia , , 
Cleft palate , 
Foreign bodyflrauma , , 
PtlIrynlell dlsordlrs 
Foreign bodies , , 
Neoplasia , , 
Rettopharynoea1lymPlladenopathy , , , 
Salivary gland enlargemenl , , 1'1 
Rabies , , 
Botulism , , 
CNS disease (CN IX, X) , , 
T onsillat enlargement , , 
Crk:opharyngeal stenosis , 
Cricoj)haryngeal achalasia , 
Llrynleal dl .... e 
Paflltysls , 
Neoplasia. , 
Chondritis , 
Retraphlrynllli dl.lI.e 
foreign bodies , , 
Neoplisla , , 
Lr::;phadenopathy , 

1'1 
S aladenitis , , 
Salivarv gland necrosis ; (.J) 
MtIIO .. OPI1lIlIl. 

('Ii) Idiopathic , (.J) 
Myasthema gravis 1'1 , 

1'1 Myopathy (-.I) 
, 

' I , 
Myositis ("'j 

, 
(..J ) ; 

Toxins ('1') 
, 

(~) , 
Kypothyroldlsm , , 

11. Neu ropa Ihy/lMluribs IV) 
, , I ,I 

OeslIphl9tal diverticulum 
, , , , 1;1 

Dysautonomia 
, , , , 1'1 

Glitftl-onoplllglil lundion 
Hiataillemia 

, , , 
; , , 

Gastro-oesopl\aOeal intussusception , , , 
; 

Neoplasia 
, , , , , , 

Inlflo .. opllaglll nln-owing , Stricture 
, , , 

Neoplasia , , , 
Granulomata 

, , , , , , 
Foreign body 

, , , , , 
"""', , , , , , 
Oesoplilgitis 
hlleclJous , , , , 
ToxirJjmtant , , , , 
Reflux , , , , 
El1l'1olSophaOli1 comprelSion 
Vascular ring anomaly 

, , , , , , 
Thoraclt neoplasia , , , , 
Granulomas , , , , , 
Cervical neoplasia , , , 

v common: (V) occasioN!. 
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T.ble 6_2 A diagnostic approach to regurgitation, 
dysphagia and ptyalism 

1. Identify tlhly sile of disuse (anI. ph'ryn, .. I, 
oe.oplllg .. I , cyttemk:j 

Hislory and pltySical eKamlnatkm 
Obs8rvation 01 eatlRO behaviour 

l . Rute out systemic disease 
HaematOlogy, biOChemistry and unnalysls 

3. Rute oullntectlous disease IlsusptdlO 

"'-
4. Rul. 0111 man I.slons, r1dioiucenl lortl,n cMI].cts, 

m'gaOISQ9haluS, tboncic diu .. e 
Plam radiographs ol pllarynxllarynx.. 0ICk and thorax 
Ultrasonography 

S. EI.mine pllarynl, larynl and ol.ophalu. 
Laryngoscopy 

''''''''''' 
II. Rille out lunctional dlsordln 

ConlIaSt IJGIminations 
AuorOSC09'l 

1. Rule 0111 neuromuscular dl,luel 
exercise testing 
Neurological examination 
'Tenslton' testing 

Conditions th;!. t ;I.r~ ;l.$soci;!.te:d with d~fects in Ihe: 
s~nsory p;uhways or with pr~h~nsion abnormali
ties (e.g. d~ntal pain) may allow better swallowing 
of solids than liquids. 

Is Ihere blood In Ihe sillva or tlllurvll.led mlHer? 
The presenc~ of blood suggests ~ rosion or ulc~ra
tion of th~ mucosa which can occur with n~op l a 
$ia, trauma, foreign bodies or mucosal irritation 
(e.g. oesophagitis). 

I:) Signs 01 nllil disease? 
Sneez.ing, snorting, epistaxis and nasal discharge 
may all bc: s~en as a result of r~flux into the nasal 
chambc:r when th~r~ is regursi tation. but can also 
be an indication of disorders of th~ caudal nares 
and nasopharynx. 

I:) Signs of upper and lower Ilrway dl".se? 
It is important to recogni1.~ signs of upper and 
lower airway disease (coughing, t'achypnoea) 
because they may indicate aspi ration pneumonia 
:tnd influence diagnostic and therapeutic deci
sions. In r:tre cues of broncho-oesophage:tl fistu-

luion, pneumonia ma)' occur as a direct r~suh of 
passage of ingem, through the fis tula. Respir:uory 
difficulty may also be reponed when space-occu
pying thor:lcic lesions impinge on lung tissue as 
well as the oesophagus, Int~rmitteOl dyspnoe:t 
may :tcco mpany :t sl iding hiaul hernia. 

a Voice change? 
Alteration in character of voice may indicate: 
concurreOl laryngeal disease, for example due to 
idiopathic laryngeal paralysis. laryngeal neoplasia, 
o r extr:llaryngeal compres5i \'~ lesions. uryngc:al 
paralysis ma), be: seen u a result of iOlrathoracic 
muses that impinge upon the rc:curreOl laryngeal 
nerve as well as the oesophagus. 

o Is ellrclseloleranCl normal? 
Poor exercise tolerance, in the absence of o ther 
causes, could indie:tte gener:tlized neuromuscular 
dise3Se. Myasthenia guvis is associated with nor
mal muscle function that rapid ly deterior:ltes with 
exercise :tnd may be restored by the adminisl1'1ltion 
of an acetylcholine esterase inhibitor (the 'T ensilon 
tcst ' q .,'.), whereas with myopathy and myositis 
weakness may manifest from the start of exercise. 

a other neuromu"ul.r signs? 
Generalized weakness or stiffness may suggest 
myopathy; myositis may be accompanied by 
muscular pain. Signs of brain d isease such :l5 

stupor, poor mentation, abnormal beh:tviour (e.g, 
he:ad prc:ssins, aimless circling) or cranial nerve 
function deficiu may suggest central nervous 
system disease and invoh'ement of cranial nerve 
nuclei of the swallowing reflex. Dysfunction of 
the mandibular branch of the trigeminal nerve 
causes an in:tbility 10 dose the mouth. 

I:) Has Ihere been I hl&tory 01 recenl Iraum. or tlClnt 
fore Ign body Inglltion? 

T raum:t 10 soft tissue. teeth or bones can all 
cause dysph:tgia, T rauma to the pharynx can 
occur from :t recent stick injury, and retropha
ryngeal abcess;uion can occur as a consequence 
of entrapment of foreign matter following such 
an injury. Oesophageal obstruction can occur 
following ingestion of for~ign bodies such :l5 

toys, bones and chews. Acute onset of signs is 
typical of fo reign body ingestion or trauma. 

a Recenl general anaesthetic? 
Reflux of gastrointestinal contents during 
general an:te5t hesia c:tn c:tuse oesophagitis and 
oesophageal stricture form:tt ion. Signs typically 
occur a few d:tys after the reflux event, 

A,,~ 'vo 



Q Ol1ler history or silins 01 systemic or Inlectlous 
dlnl"? 

Signs of hepatic encephalopathy (e.g. apparent 
blindness, head pressing, mania, depression) 
may accompany ptyalism in cats with portosys
temic shunts. O ther metabolic, gastrointestinal 
or abdominal or neurologic diseases (e.g. 
vestibular syndrome) that are associated with 
nausea may show ptyalism :u a component of 
the clinical presentation. Dysphagia and ptyal
ism are early signs of rabies encephalitis. 
Owners should therefore be questioned regard
ing vaccination status. possible exposure, travel 
abrMd etc. 

Q ExJ!osurelo loxins or Irrtll nll? 
Access to decomposing matter contaminated with 
Clostridium botulinum can cause botulism, with 
dysphagia occurring in association with general
ized muscle weakness. Botulism may be more 
common in kennelled dogs (e.g. hounds). 
Ingestion of caustics or locally irritating plants. or 
even stinging insects can cause superficial irrita
tion and/or swelling of the mouth, pharynx and 
oesophagus with consequent dysphagia, ptyalism 
or regurgitation. Recent therapy with insecticides 
containing pyrethrin/pyrethroid or organophos
ph:He can be a cause of ptyalism. 

1",1 PHYSICAL EXAMINATION 

The main aim of the general physical examination 
is to identify sysu~mic, complicating or inter
current disease. Particular emphasis should be 
placed on the following aspects. 

Q 01111 eumlnl lion 
A thorough oral examination should be per
fo rmed to identify oropharyngeal or dental dis
e:ue. In most dogs, digital palpation of the dental 
arcade, oropharynx and laryngopharynx may be 
performed, and will help identify painful foc i, 
swellings and foreign bodies. 

Q ElImlnl tion of head I nd neei 
The head, neck, rctropharyngeal region and uli
vary glands should be carefully examined visually 
and aurally and palpated to identify pain, swelling 
and assymerry. A distended, fluid-filled oesopha
gus may be palpable in the ventral cervical region 
in some cases of megaoesophagus. Discharging 
sinuses or a fluctuating subcutaneous swelling may 
be seen consequent to a retained foreign body (e.g. 
a stick) in the retropharyngeal or cervical region. 
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I:) Thoracic eumlnilion and aUlCultalion 
This should identify signs of aspiration pneu
moni:!. (localized crackles and whistles, pleural 
rubs or decreasing sounds). Other findings, for 
example. tachypnoea, decreased audibility of 
heart or lung sounds, displacement of the apex 
beat of the heart, and fluid lines upon thoracic 
percussion are more suggestive of intrathoracic 
masses. 

Q Chnt compressibility 
Masses in the anterior thorax of cats panicularly 
(e.g. thymic lymphosarcoma) may reduce the 
compressibility of the thoracic cage anterior to 
the heart. 

o Examination of the neuromuscular system 
This should identify signs of myopathy/myositis, 
cranial nerve deficits, generaliz.ed neurological 
disease and dysautonomia (xerostomia, hypo
lacrimation, mydriasis, constipation, bladder 
distension). 

o Watchlnilihe anlmllIII Ind drink 
This is a critical part of the examination. 
Observing the format ion :md swallowing of a 
bolus will help the clinician localize signs of dys
phagia to the oral cavity, the pharynx and cranial 
to the upper oesophageal sphincter, or the 
oesophagus. The absence of dysphagia in cases of 
ptyalism or regurgitation reduces the number of 
possible differential diagnoses. 

I FURTHER INVESTIGATION 

I Haematology, blochemlslry and 
urinalysis screens 

Neutrophilia with or without a left shift may 
be seen with inflammatory dise:lses. such as 
retropharyngeal abscessation, aspiration pneumo
nia or retained foreign bodies. Incre:ued serum 
bile acids, low urea, red cell microcytosis and 
ur-ue cryst:l. lluri:l. may all be seen in cases of 
pOrtosystemic shunting. l aboratory findings of 
hepatic or renal dysfunction may indicate reasons 
for ptyalism as a consequence of nausea. 
lymphoid leukaemia may sometimes accompany 
retropharyngeallymphadenopathy in severe lym
phosarcoma. Hypochloraemia and hypokalaemia 
can occur as a result of loss of acidic gastric con
tents and metabolic alkalosis, and suggest that 
vomition is occurring. Increased creatine kinase 
(CK) can be seen with myopathy and myositis. 

Avk;lr 0 :...as~ arlO gradivo 
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and in hypothyroidism. Increued serum choles
terol may :ro lso be inereased with hypothyroidism. 

• Serology 

Serology may be used to detcct infectious diseues 
such u toxoplasmosis, fcline leukaemia virus 
(Fel Y) :rond fcline immunodeficiency \·iNs (FlY) 
which nn c:rouse neurologic dise.uc, focal infcction 
ornropb.sia(Fel V). Thyroid function testing(fSH 
orTRH stimulation tC5uand TSHf r-. asuys) may 
be useful in c:r.ses of myopathy, neuropathy and 
undi:rognosed mcgaocsoph:r.gus. Increased conccn
In.lions of anti-acetylcholine receptor antibodies in 
serum are diagnostic of myastllcnia gravis: this may 
cause gener:r.lizcd muscle weakness or mega
oesophagus alone. 

• Radiography and ullrasonography 

Plain radiographs of the thorax will identify 
megaoesophagus, intrathoracic manes, ocso
phageal foreign bodies. some c:r.~ of hiatal 
herniation, g-astro-ocsophage:r.1 intunusception, 
oesophlge:r.1 diverticul:r. :md oesophageal fistula. 
Plain ccrvic:r.1 n.diogr:r.phs may identify and hclp to 
loc:r.lize cervical mus luions and radio-opaque 
foreign bodies. Plain n.diogrlphs of the ph:r.rynx 
and larynx can identify mass lesions and foreign 
bodies. 

The pharynx and oesophagus may be further 
evaluated by performing l b:r.rium swaJlow wilh 
barium paste (70% wl v), suspension (}O% wl v) or 
blrium mixed with food. 8lrium paste will outline 
the ph:r.rynx :r.nd upper oesoph:r.gus. b:r.rium sus
pension is usefu I for evalulti ng theoesophlgus, and 
barium with food will outline both ph:r.rynx :r.nd 
ocsoph:r.gus. Where oesophagell tears or ruptures 
arc suspected, or where a risk of aspiration exists, 
iodine-b:r.scd COntr.lSt rncd ia should be used. A con
trast eumination I1Ily identify mcgaocsophlgus. 
sites of luminal nlrrowing in the oesophagus, 
oesoph3geal diverticu la, broncho-oesophlgeal 
fistu l3e, g'Ut ro-oesophageal imussuscl'ption. some 
C:loSes of hiat:r. l herni:r.., r:adiolucent foreign bodies 
:r..nd mucoul mus lesions of the oesophagus. 

• Fluoroscopy 

Fluoroscopy is a u.seful tcchnique for enluating 
sw:r..l!owing function in the pharynx and oesopha
gus, particubrly if usc:d in association with con
trast medi:r.. (see abo\·e). The animal should be 

unsedated lnd offered both liquid barium and 
barium with food. To completely evaluate swal
lowing function. it rna)' be necessary to record the 
puuge of boluses along the complete length of 
pharynx 10 stomach. The most critic.al phases of 
the study :r..re evalultion of bolus formation in the 
oropharynx and puuge into the cranial oesoph:r.. 
gus; this process relics upon normal pharyngeal 
sensltion, norm:r..1 phJryngeal anatomy and mus
cle function, and normal rcl:uation of the upper 
oesophagell sphincter. Repeated swallowing 
atlempts in which a bolus fails to pass into the 
ocsophlgus suggest dysfunction in the upper 
ocsophlgeal sphincter (e.g. plin, foreign bodies. 
cricopharyngeal stenosi5). During Ouoroscopy 
the larynx and trachel should :ro l50 be evaluated 
for evidence of aspiration of contr:r.st material. 

• Ullrasonography 

UI(rasonography may be used to evalu:lte Struc
tures in lnd lround the head and neck. It may 
allow identification of man lesions :r.nd foreign 
bodies. Intrathor:r.cic masses may be further 
e\'aluated using ultrasonography :lnd biopsies 
may also be obt:r.ined under uhrasonographic 
guidance. Uhrasonognphy hu been used in the 
identification and characterization of liver disease 
and ponosystemic shunts. 

• Laryngoscopy 

This facilitltes full and careful visual examination 
of the laf)'nx :r..nd pharynx, and is best performed 
under light general anaesthesi;l.. During tile proce
dure, digiul palpltion of the phaf)·nx, larynx and 
upper oesophageal sphincter may :1150 be per· 
formed. Visual examination of the vocal cords 
should be performed with the animal in dornl 
rl'cumbencyas it is regaining conciousneS5. lack 
of movement of 0111.' or both \'ocal cords suggests 
laryngeal plrllysis, but an extremely light pl3nc of 
lnlesthesia is requirt'd to a\'oid false di;l.gnosis. 

• EndoscopIc examination 

Endoscopy is extremely useful for the evaluation 
of the pharynx, larynx, oesophagus and lower 
ocsophage21 sphincter. Although endoscopy does 
not often provide function:ll infonn2tion, it nn 
identify foreign bodies, megaocsophagus, strie
tures, extra-oesoph:r..ge:r.1 eompression, oesophagi· 



tis :and neoplasia. Both rigid endoscopes and flex
ible fibreoptic endoscopes can be used, although 
only the latter allows full insufflation of the 
oesophagus 2nd effective examination of the lower 
oesoph:ageal sphincter. Using either :a retroflexed 
flexible endoscope or :a denal mirror, [h(' n:l.Soph:ar
yox may be examined for the presence of disease. 
The wide diameter of rigid endoscopes makes them 
extremely useful in the management of oesophageal 
fo reign bodies because they allow passage of rigid 
instruments. The wide diameter is a disadvantage, 
however. in the evaluation of fclines and in cases 
of oesophageal narrowing. Flexible endoscopy also 
has thcr.l.peutic applications; it can be used. for 
example, fo r removal of foreign bodies, perendo
scopic balloon dilatation of strictures and placc
ment of rubes fo r provision of nutritional suppOrt. 

I Tissue biopsy and line needle 
asplrallon 

Massf."s identified by palpation, radiography, 
ultrasonography, laryngoscopy or endoscopy 
should be further characterized by either biopsy 
or fine needle aspira tion. In addition to 
histopathology/ cytology, tissue may also be 
submitted for bacterial culture and antibiotic 

• • • • 
sf."nsltlvlty testmg. 

I Computed tomography/magnetic 
resonance imaging 

These imaging tc<:hniquf."s may be applicable 
when further evaluation of suspected central ner
vous system disease is required. They also have 
potential for identification of mass lesions in the 
head, neck and thorax where other techniques 
have proved unrewarding. 

• The 'Tenstton' test 

Clinical signs o f myasthenia gravis may be either 
exercisf." intolerance, determined by exercise test
ing, or megaoesophagus. A diagnosis of myasthe
nia gravis may be pursued by performing a 
'Tensilon' test. In myasthenia gravis the clinical 
signs may be abrogated by the 3dministration of 
the short-acting acetylcholine esterue inhibitor, 
edrophonium chloride: (0.11--0.22 mg kg-' i.v. 
(dog); 2.S mg per cat i.v.). When performing a 
'Tensilon' test a syringe containing atropine: 
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(0.04 mg kg-I) and an appropriate endotracheal 
rube: should be readily available, in case of severe 
muscarinic effects of the cdrophonium. The 
response: of megaocsophagus to edrophonium 
must be monilOred by fluoroscopy and responses 
appear 10 be: less predictable. 

I Anll-acetylchollne receptor antibodies 
(Anti-AChR) 

Anti-AChR may now be measured in a serum 
sample fo r both dogs and c;\ts. In C3ses of 3cquired 
myasthenia gravis increased titres of anti- AC hR 
are considered diagnostic. This test is particularly 
useful when 'Tensilon' testing is equivocal and 
also to monitor subsequent immunosuppressive 
therapy. 

• TOlicology 

T Ol\"icological investigations might include whole 
blood acetylcholine eSlerase (organophosphate 
tOl\"icity). blood lead, or urinary 5-3minolaevu
lenie acid levels. 

• Exploratory surgery 

Where foreign bodies arc suspected (e.g. 3ppro
priale history and/or presence of dischaf1;ing 
sinuses) or where mass lesions have been identi 
fied, el\"ploratory surgery may be useful 10 either 
remove or resect the offending object or obtain 
biopsy material. 

• Dietary trial 

When diagnostic effortS have failed 10 produce a 
treatable diagnosis. or where furthe r im'estigation 
is not possible. a dietary trial may be useful. It is 
difficult to predict in a given individual which 
dietary option is most likely to succeed, so choice 
of feeding is usually by trial .and error. Feeding 
regimes tllal may be successful inelude feeding 
litt le and often, feeding from a height. feeding 
liquidized food paste, feeding a liquid food, and 
feeding a dry diet as opposed 10 a wei diet (or "icc 
versa). In el\"ceplional ci rcumstances, animals may 
be maintained by plac..-mem of permanent feeding 
tubes (e.g. percutaneous gastronomy). 
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Diarrhoea 
C. M. Elwood 

Di:trrhoea is ddlned as increued volume or fluid
ity of (;I.cca or increued frtquf."ncy of dcf«:uion. 
Dysfunction or di.sc2Ses of the small and Luge 
inttstines. the pancreas and the liYer may all cau$C 
diarrhoea; these may bt' primary or sccond:ary to 
systemic disc;tSc. 

I NORMAL INTESTINAL FUNCTION 

Ingested food enters the stomach when the com
bination of an acid environment, pepsin proteo
lytic activity and active gastric motility IC:lw to 
the production of semi-fluid chyme. which is then 
passed into the duodenum in contrallt<! quanti
ties. The duodenum also receives intestinal ;md 
p:tncfutic secretio ns and bile. which a f C mixed 
with chyme to continue the digestive process. 
Pancrcni(: $Cerelians contain sodium bicarbomllc 
which neutralizes gastric acid, as wdl as various 
enzymes including lipase. amylase and trypsin. 
Bile contains bile nits and bile pigments; bile nits 
arc impon;ant for the emulsification of undigested 
fats into micelles, which greatly increu« expo
sure to the (;at digesting enzyme lip;ase. 

Carbohydrate digestion is initiated by .ulivary 
amylase and continued by pancreatic amylase. 
These processes produce diuccharides and 
oligouccharides. which ;arc funher digested by 
diSJccharid;asc (lactase and sucrase) and oligosac
charidase enzymes in the sm:lll intestinal brush 
border. Monosaccharides are absorbed into the 
mucosal cell by co-transpon with sodium 
(glucose, g:llactose) or by facilitated diffusion 
(frucc05e). 

Pro tein digestio n is initiated by pepsin in the 
stomach and continued by pancre.u ic protcolytic 
enzymes (including trypsin :and chymotrypsin) 
and by peptidases of the intestinal brush border. 
Amino acids :are absorbed inlO the mucosal cell by 
various c;arriers and enter the blood Stre;lm by 
both simple and facilitated diffusion. 

Emulsified ht micelles arc digested by p;lncre· 
atic lipase to produce free buy acids and mono
glyceridcs; these passively diffuse inlO the mucosal 
epithelial cell where they arc re-esterified to triglyc
eride (fatty acids with less th;an 10-12 c;arbon atoms 
pass directly into the pon al blood). thus maintain
ing the diffusion gt3dient. Triglycerides, choles
terol and cholesterol esters are synthesized, with 
prolt'in and phospholipid, into chylomicrons 
which pass into the l;acteal ducts and thence to the 
thoracic duct and systemic circulation. 

Mixing of ingesta and secreted digestive com
ponents in the small intestine is faci litated by seg
mental contraction of the bowel wall; this activity 
also promOtes digestion and absorption at the 
brush border by maximizing contact with luminal 
contents. Ingcsta is passed d istally along the intes
tine by peristaltic waves, which also promote 
imestin;al health in the interdigcstive period by 
swccping undigcSlcd contents and luminal bactc
ria aoolO1l1y. Evemu;llly this material enters the 
colon via thC' ileocolic valvc. 

The large intcstine performs a number o{ func
tions, including stonge and co-ordinated elimina
tion of faecal material and dehydntion of {;leces 
(by absorbing approximately 90% of thc water 
entering). This laller function is extremely effi
cient, but it should be recognized that the colon 
only .. ccounts for approximately 10- 15% of total 
water absorption in the gastrointestinal tratl; 
most occurs in the jejunum and ileum. The net 
flux of water through the gastrointestinal tract is 
at [east 0.151 kg-' bodyweight day' a.nd this 
means thaI small intestin;ll disease can cause 
significantly greater fluid losses from the body 
than Ia.rge intC'stinal disease. 

I PATHOPHYSIOLOGY 

Osmotic diarrhoea occurs when there is an 
increased lumin .. ! osmotic load, often as a result of 



maldigestion or malabsorption, which retains 
moisture within the lumen and increases the 
fluidity and bulk of faeces. 

Abnormal intestinal motility causes diarrhoea 
either because of increased delivery of faeces to 
the colon and/or reetum, or eonsequent to poor 
absorptive function when there is intestinal stasis. 
It may occur for a number of reasons, e.g. drug 
therapy or intestinal inflammation. 

Increased intestinal s«retion overloads the 
normal absorptive capacity of the intestine and 
typically leads to voluminous watery stools. It can 
occur in response to a number of luminal or sys
temic factors such as increased conccntrations of 
intraluminal hydroxy fatty acids produced by 
bacterial hydrolysis of ingested fat, intestinal 
inflammation or bacterial enterotoxins. 

Increased permeability means that absorbed 
electrolytes (normally absorbed against a concen
tration gradient by active or facilitated diffusion) 
cannOI be re:tained, and that fluid is nOI absorbed. 
Funher increases in permeability lead to loss of 
macromol«ules and tissue fluid, with consequent 
osmotic effectS adding to the faecal fluid loss. The 
normal intestinal mucosa is relatively imperme
able to el«trolytes and macromolecules and 
this permeability barrier is maintained, in part, 
by tight junctions between epithelial cells. 
Maintenance of this permeability barrier is critical 
for normal absorptive capacity. Increased intesti
nal permeability occurs when there is damage to 
the normal mucosa, such as occurs with viral or 
bacterial enteritides, intestinal Iymphos.arcoma, 
intestinal ischaemia or intestinal inflammation. 

Many diseases that cause diarrhoea do so by a 
combination of these mechanisms. In inflamma
tory bowel diseases, for example, there may be 
damage or immaturity of the normal villous 
mucosa leading to maldigestion, malabsorption 
and consequent osmotic effects, there may be 
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increased intestinal permeability, and inflamma
tory mediators may influence epithelial cell secre
tion and cause aberrant motility. 

I INVESTIGATION OF DIARRHOEA 

I§~l HISTORY CHECKLIST 

Q Age and breed? 
Certain breeds are more commonly seen with 
certain conditions; German shepherd dogs, for 
example, appear to be over represented among 
dogs with small intestinal bacterial overgrowth 
(SI80) and exocrine p:l.ncreatic insufficiency 
(EPI); histiocytic ulcerative colitis is most often 
seen in boxer dogs. Young anim:l.ls appear to be at 
greater risk of clinically significant intestinal 
helminthiasis, infectious diarrhoea or foreign 
bod)' ingestion. Intestinal neoplasia is more com
mon in older animals. 

Q SIUns of small Intestinal disease or large Intestinal 
dlselse? 

A number of presenting features will often enable 
the clinician to localize signs to the small or large 
intestine (Table 7.1 ). This is an extremely impor
tant step because the differential diagnoses, 
diagnostic approaches and management differs 
between the two (fables 7.2-7.5). 

D Are the signs Icule Of chronic? 
The differential diagnoses of acute and chronic diar
rhoea are different, and require different approaches 
to diagnosis and management. Chronic diarrhoea is 
generally considered to be present when signs have 
been app:l.rent for longer than 4 weeks, :l.nd is an indi
cation for diagnostic investigation and specific 

Table 7.1 Clinical parameters used to distinguish betwefn large and small bowel diarrhoea 

Clinical silln 

Oefecatory frequency 
Siool volume 
Faecal consistency 
Oefecatory tenesmus 
Vomiting 
Weight loss 
Inappetence 
BlOod on SIOOl 
Mucus on stool 

Sm,lI Inleslln.1 
dl.n11oli1 

3-4/day 
IllCfeased 
Soft to lIuld 
Rare 
Occasional 
Often 
Variable 
Rale 
Occasional 

l 'r;llnllllln,1 
dillTbolii 

Up to to/day 
Small amounts, total volume normal or Incfeased 
Son 
Usual ,,,' 
Qcrasional 
Occasional 
Commoo 
Commoo 
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T.bll 7.2 The differenllal diallnosis of small bOwel diarrhoea 

utralnfnUnal dlseasl 
Exocrine pancreaUc insufficiency 
Acut. pancreatitis 
Hepatic disease 
Renal fallur. 
~poadrenocorticlsm 

Dlelary Intolerance 
Lactase deficiency 
Abrupt diet cllallO! 
DilllaI)' Indiscretion 

Dietary allerg1 
Immedlale·type hypersensltivrty 
Glulen sensltlvt! enleropathy 

Bacterial Infection 
Salmonelid spp 
~mpylobdcter jejunl 
8dcillus pillforrnis 
Enteropathogenic E. coil 

Vlra l lnlecllon 
canine parVOVlrUS 
Feline parvovlrus 
Feltne leukaemia VIrUS 

Felme infectious pentonllls 
Feline immunode!ldency Virus 
canine distemper virus 
canine cOlona virus 
Rotavlrus 
Aslrovlrus 

ParaslUc Inllcllon 
Helminths 

Strongyloides spp. 
TrIChuris I'OIplS{dog only) 
Ancylostoma spp (dog on~J 
UnCIfIJIM stenocepha/a (dOlI only) 
T DXOCJr.J SPP 
TOJl1JSQf/S leomna (cat only) 

Table7,3 The drllerential diagnosis 01 large bowel drarrhoea 

DIetary Inioieranci 
Dietary Indlscrellon 
Dietary alle/flY 
Bactenatlnlectlon 

Saimone/ld spp. 
campy/obJet" jeJunJ 
Enlelopathooenlc E. COIl 
CIoslriOlUm perlrlngens 
Yel'Sln~ enterocolJt/ca 

Parasitic InlestaUon 
Tnchufls vul(1ls 
GiardrJSpp. 

Funllal/protozoallnlecllon 
Gldrd/iSpp 
CryptOsporidid spp. 

Small inlestinal baclerial overllrowth 
Idiopalhlc 
Secornlary 10 1IIIIISlinai anomalies. Increased Intake (e.lI. 
coprophagia), chromc obstruction, deranged Inteslmal 
mOlility. mucosal Immuntl defects, EPt, maldlgesUonI 
malabsorpUon. achlorhydria. 

Foreilln badin 
Complete obstfUClion 
Partial obstruction 
U".O< 

Anomalies and mallo/malions 
lymphangiectasia 
Inlestlnal stricture 
IlIIussusceptlon 
Intestinal volvulus 
Col"Igenital malformation e.g short bowel 

Todcll ies 
Heavy metals 
Orugs 
InsecticIdes 

Idiopathic Inllammatory bowel diseases 
lymphOplasmaeylic enlentls 
EOSInophiliC entefiUs 
ImmunoprolileratlYe enteropallly 01 Basenjis 

NeoplasIa 
lymphosarcoma 
Other (I.g plasmacytoma, carcinoma, adenocarcinoma, 
Iliomyoma, leiomyosarcoma) 

Inllammatory bowel diseases 
Eosinophilic colitis 
lymphoplasmacytlc COlitIs 
Histiocytic ulcera!lve ColitiS 
Granulomatous colitis 
Abrinopurulem colitis 

Foreilln bodIes 
tntestinal mallormallons and anomalies 

Gaecallnversion 
Ileocolic inversion 

NeoplasIa 
lyrnphOsarC1lma 
Other neo[tlasia: 
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Tab117.4 A diagnostic approach to small bowel dlarmoea 

1. Delermlne dln.llon, extent and severity 01 disease 
History 

2. Initiate non,splcific thlnpy, il appropriall (dilt, 
antibiotits . nd anthllmlntics). .nd/or pursul 
diagnosis 

3. Ru ll oullnllctlou. dl.II.1 
Faecal cullure and parasitology 
SerologiCal testing 
Virus antigen detection 

4. Rull out systemIc In\'(lltem,nl 
Haematology 
BIochemistry 
UrinalySis 

5. Rull out exoerinl plncreatlc Iltsulliellncy 
Trypsin-like Immunoreactivity 
Faecal proteolytic activity 

6. Rale oulln1lStinal obstruction, lorl'gn bodies. m.n 
lesions, mucosal tlllulnlnll. anomalies 
Plain and contrast radiography 
Ullrasonog raphy 

7. Plrlorm non-Inwasive tests 01 small [ntestlnll 
lunctlon 
Serum folale and cobalamin conc~t ralJons 
SUgar permeability and function lesls 
Breath hydrogen lestlng 

B. Rule oul dlelary InlaleranCt 
Appropriate dietary Irial 

9. ConsIder npllting laecal eullun and parasitology 
10. Rule out intra tumln.1 or mucosal dlnase 

Endoscopic examination or exploratory lapalotomy 
Mucosal biopsy and duodenal juice samplHlg 

thenpy. Acme di:urhoea is ohen self-limiting 
:mdlor is easily m:anaged by sympmmalic :and sup-
portive therapy, :and may not require definitive 
di:agnosis. Profuse, acute diarrhoea, however, 
accompanied by systemic signs (such as fever, leu
cocytosis, leucopenia or dehydnlion) is consistent 
with more severe disease (e.g. infectious enteri tis), 
and more vigorous investigation and aggressive 
thenpy are warranlcd in such cases. 

o I'the .nimal vaccin.ted and wormed? 
Unvaccinated animals are at increased risk of viral 
cnteritide,. Laek of appropriate prophylaxj, may 
incre3Se the risk of parasitic infestation; anthcl
mintics may be indicated in such cases without 
further investigation if clinical signs are consis
tent. 

o What Is the anlm.I', normal environment? 
Kennelled animals are at greater risk of infectious 
bacterial enteritis and inteninal pansitism if 
appropriate husbandry is nOI applied. 

DIARRHOEA I 6 t 

T.ble 7.5 A diagnostic approach 10 large bowel diarrhoea 

1. Dellmlne duration, e.dlnt .nd severity 01 dise.se 
History 

2. Initiale non·specifie Iherapy II apprnpri.te (diel, anti· 
blollts Ind anthllmlntlcs), .nd/or pursue diagnosis 

3. Rule out inf,ctious disease 
Faecal cu lture and parasitology 

4. Rille out Clostridium plrfrlng.ns Inlectlon altd 
eumlnl lor mllcoSltlnftammalion 
Faecal cytology 

5. Rule oul lyltemlc dlstlse 
Haematology 
BiOchemlslry 
UrinalySiS 

6. Rule oul Inllstln.1 obstruction, lonlgn bodies, m.ss 
teslons, mucolilihickening , anom.lies 
Plain and contrast radiography 
Ultrasonography 

7. Rutl out dlel.ry Intolerance 
App ropria te dlelary trial 

8. Considlr non-specillc Illerapy 
Nan-steroldal anti-inllammatory drugs (e.g. OIsalazine, 
mesalazme) 
High fib re diet 
Motility modifiers 

9. Rull oullntralumll\ll or mUCOli1 disease 
Endoscopy/proctoscopy 
Mucosal biopsy 

o ""pettie? 
Increased appeti te may be seen with maldiges
liOn/malabsorption syndromes where the animal 
is systemically well (e.g. EPI, intestinal 
lymphangiectasia, inflammatory bowd disease 
(180)). Normal appetite is often a feature of large 
inteStinal disease. Decreased appetite may be seen 
with infectious enteritides, S180. 1B0. foreign 
bodies, neoplasia, intestinal obstruction and 
primary systemic disease. 

o DIetary history? 
Signs triggered by a panieular foodstuff suggest 
dielary inlolerance. Ingestion of milk can cause 
osmotic diarrhoea in lactase-deficient animak 
Previously administered dim/foodstuffs should 
be ~\'oided when formulating thenpeutic dietary 
regImes. 

o Weight 1000000r growth? 
Weight loss/ poor weight gain suggests negative 
protein-caloric balance, either as a re5ult of 
inadequate ingestion due to poor appetite, 
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maldigcstionlmal.:!.bsorption. or the cau.bolic 
effects of sYSiemically released mediators (e.g. 
inflammalOry cytokines). 

o In CGntattJ? 
Disease in in-contact animals suggests either a 
common C'nvironmental factor such as diet, toxins 
or infectious disease. 

o SIlins ollnvolvlment 01 other body systlms Dr 
systlmlc Illness? 

Cen ain systC'mic diseasC's (e.g. renal hilurC', 
hYpo.1drenoconicism) can cause diarrhoea. 
Similarly, diarrhoeic diseascs can cause sySlemic 
illness (e.g. viral or bacterial C'ntcritides, protein
losing entC' ropal hies). 

o Elposure to pollotlaltoslns (1 .11. Illd , Iron, 
dltergents or drugs (e.g. cathartiCS, laxal/vls) 

a Abdominal pain? 
Signs of abdominal pain (e.g. guarding of 
abdomC'n, rdiC'f postures, ,'ocalization) c;tn be 
associated with foreign body ingC'stion, acute 
infectious enteritides, exce5sj,'e intestinal gas, 
intestinal anomalies, intcstinal obstruction, 
inteStinal spasm, focal neoplasia, lC'ad poisoning 
and metabolic diseases. Pain is uncommon in EPI , 
lBO, lymphosarcoma and lymphangiectasia. 

o la lorelgn body Inglstlon a pOlSlblllty? 
Has the animal had accC'Ss to foreign objects (e.g. 
toys. siring, bones)? Are any household objecu 
miuing? 

a What Is thl character 01 thalloo)? 
Voluminous, pale, C'xlremc:iy malodorous stools 
with a soft to semi -solid consistency arc charac· 
tC'tis tie of maldigestion, eSp«ially EPI. Blood in 
the stool suggests loss of mucosal integrity. 
Panially digested blood and tissue may be seen 
when therC' is necrosis and sloughing of small 
intestinal mucosa {C'.g. in parvoviral enteritis}. 

o DOlliha dllrrhoea respond to withholding lood? 
Diarrhoea th;l.t is predominantly the result of 
osmotic effects will StOp when food is withhC'ld and 
rccur upon reintroduction. Prim;l.ry secretory diu· 
rhoea will show no response to with holding of food. 

1\(,1 PHYSICAL EXAMINATION 

The main aim of the general physical examination 
is 10 identify diseuc in othcr bod)' systcms. 

a Slgnl of malnlrtrillon 
Poor hair e(nt, muscle w.nting, pol·beUicd 
appeannce and poor skin condition can all be 

indintoTS of poor nutritional Status, suggestive 
of chronic maldigestive or motbbsorplive dis· 
cues. 

o Abdominal palpallon 
Thorough abdominal palpation should be per
formed to idemify orgotnomegaiy. intC'Slinal 
thickening or enlargement, aggregated bowel 
loops, mesC'nteric lymphadenop;l.thy, C'xce$S 
intC'Stinal fluid or g:l5, focal p;l.in or imestinal 
fympany. The opportunity should be taken to 
repeat this exam in;l.tion if the ;l.nimotl is rel;l.xed 
(e.g. following sedation or general an;l.es
thesia). 

o RI~allJlm lnalion 
A reclal examination should be performed in 
every case of chronic diarrhoea. This allows iden· 
tifiC;l. tion of rectal disease and visual c:xaminalion 
of f;l.ecal chancter,;l.s well as heililating collection 
of faeces for l;l.bonlOry testing. 

I FURTHER INVESTIGATION OR 
SYMPTOMATIC TREATMENT? 

Following a complete hislory and physical exam
in;l. tion the clinician must dC'CidC' upon an appro· 
priate course of action. Non'sp«ific thenpy may 
be appropriate fo r acule diarrhoea or when mild. 
chronic signs ue present. When there is pro· 
nounced chronic di;urhoe;t or systemic illness is 
apparent, then ;l.ggrc:ssive supportive thenpy and 
funher diagnostic endeavours arc ;l.ppropriat'e. 
These decisions must be made by the clinician on 
a casC'-by-ease basis. 

I CLINICAL ANO LABORATORY 
INVESTIGATION OF DIARRHOEA 

• Faecal culture 

Routine f;l.C'Cl1 culturC' should be performed to 
idC':n tify and obt;l.in sensitivity sp«tra for 
SalmontlLl spp. and umpylobactc:r spp. In 
some centres it is possible 10 detect virulence 
gencs and factors in enteropathogenic sirains of 
Escherichia coli using molecular techniques, and 
assays can be employed that idemify bacleri;l.l 
toxins in facces (e.g. Clostridium per{ringc:m 
enterotoxin). 
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• Fucal virology 

Canin~ parvoviral inf~ction may b~ confirmed by 
us~ of ELISA to detect viral antigen in faecal 
material. In exceptional circumstances electron 
microscopy can be used to identify viral particles 
in faec~s. 

• Faecal parasllology 

Faecal examinations fo r parasites should be per
formed to rule out intestinal helminth infections 
(e.g. TrichHrU, AncyJoltoma ) and intestinal prOIO
zoal inf~ctions (Gia rdiA, CryptolporiJiA). Faecal 
ELISA tesu have ~n ~valuated for the d iagnosis 
of giardiasis in dogs but appear to offer little 
benefit over multiple (three or four) zinc sulphate 
flotation tesU to identify cysu. 

• Faecal examinations 

Faecal microscopy may be used to identify fau 
and f:my acids (Sudan III Slaining), undigested 
mUK le fi bres and undigested starch (iodine stain
ing)j positive fi ndings suggest maldigestion (fau, 
mUK le, starch) and malabsorption (fatty acids). 
Positiv~ faecal occult blood (following 3 d.1Ys on 
a white meat diet), suggesu loss of mucosal 
integri ry (inflammation, infection, neoplasi.1). 

• Faecal and reclal cylology 

Smears of faecal mucus o r superficial rectal 
mucosal cells (collected via digital rectal ~xamina
tion) may be examined following r.apid cytologi
c.al staining for the presence of infl.1mmatory cells 
(neutrophils, cosinophils etc.), organisms (~.g. 
Huroplal1na) and bacteria o r bacterial spores. 
C. per/n'ngens spores may be identified as ov.1l 
bodies with pale central regions; more than two or 
three spores per high power field is usually 
considered to be significam. 

• Haemalology 

Routine haematology c.an idemify systemic dis
ease .and inflammatory responses and may show 
mild an.aemi.a with chronic di.sease or blood loss. 
Panleucopeni.1 is seen in canine and fel ine p.1rvo
viral infcctio n. Red cell microcytosis is sec.n with 
iron deficiency follo wing chronic intestin.1l blood 
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1055. Eosinophilia may be seen with parasitism, 
idiopathic eosinophilic conditions, mast cell 
neoplasia and hypoadrenocorticism. 

• Blochemlslry 

Serum/plasma biochemistry screening should 
identify sYSIemic involvement in the disease 
process. H yponatn.emia .and hyperkala.emi.a are 
typical of hypoadrenocorticism, but similar 
abnormalities have also been seen in c.1ses o f 
inteSlinal salmo nellosis, trichuri.asis and ulcera
tion (so called ' pseudo-Addisonian' syndrome); 
an ACTH stimulation test provides a defi nitive 
diagnosis o f hypoadrenocorticism. In the absence 
of indicators o f hepatic f.ail ure or an increased 
urin~ pro tein:creatinine ratio. hypoalbuminaemia 
is most likely due to protein-losing enterop.athy, 
the most common causes of which are lBO, 
lymphangiectasia and lymphosarcoma. In PLE, 
hypoalbuminaemia is often accompanied by 
hypoglobulinaemia. 

• Urinalysis 

Urinalysis should be performed as part of the 
screen for systemic diseue. 

• Serology and 101lcology 

Where appropriate, specific infec tion or intoxica
tion may be confirmed by appropriate tests (e.g. 
feline leukaemia virus, felin~ immunodefi ciency 
virus, lead poisoning). 

• Tesls lor EPI 

Trypsin-like immunoreactivity (fU ) is measured 
by immunoassay in serum or plasma, and is there
fore species specific. A canine TU assay is rou
tinely available and a feline TLI assay is availlible 
through selected centres. TLI measures circulat
ing trypsinogen (or trypsin) and the concentra
tion is reduced in EPI. Because of its ease and 
availability, this test should be performed early in 
the investigation of chronic small bowel diar
rhoea. 

Where feline T LI is unavailable, faec.al proteo
lytic acti\· ity may be mt"a5ured by cuein or azoca
sein digest ion, which is performed on a n.di.11 
enzyme diffusion plate. 
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The bentiromide-para-aminobenzoie acid (BT
PABA) test has been superseded by measurement 
of serum TLI . 

• Tests of small intestinal function 

Serum folate and cobalamin concentrations can be 
used as intestinal function tests in the investiga
tion of canine small bowel disease. Folate is 
absorbed in the jejunum and dccreased blood lev
els are consisu~nt with diseases of the upper small 
intcstinc (e.g. dietary hypersensit ivity). Because 
bacteria sy nthesize folate, increased serum folate 
has been associated with SIBO, but this is not a 
spttific finding. Cobalamin is bound to intrinsic 
factor (produced by the stomach :lnd panere:lS in 
dogs) and the complex is absorbed in the ileum 
after binding to a specific carrier prOlein. Low 
scru m cobalamin levels suggest either dl.' fectivl.' 
intrinsic facwr production (not reported in the 
dog), bacterial binding of cobalamin (e.g. SIBO) 
or dl.'fective uptake in the ileum, either as a result 
of ileal disease o r a receptor defect (which h:lS 
been reponed in giant Schnauzers and Border col
lies). The combination of low sl.' rum cobalamin 
and high serum folatl.' has a high specificity but 
low sensitivity fo r 5180. 

Othl.'r tests that have been used to I.'valuate 
small intestinal function and permeability include 
plasma turbidity testing followi ng fat administra
t.ion (to test for lipid malassimilation) and xylose 
absorption and PABA absorption tests (to test for 
carbohydrate malassimilation). These tests have 
fallen out o f fa\'our rttently because of cOSl, lack 
of specifi ci ty. variability (espttially in relation to 
intestinal motility and blood fl ow) and thl.'ir time
consuming nature. In contrast, some centres are 
no w using tests of intestinal permeability that 
involve administration o f pairs of sugars (e.g. 
mannitol/cellobiose, lactuloselrhamnose), one of 
which is well absorbed by the normal mucosa (e.g. 
rhamnose) and one of which is absorbed poorly 
(most likely via paracellular channels, e.g. lactu
lose). The ratio of the large sugar to the small (e.g. 
lactulose/rhamnosc), either in urine or blood, is 
consid~red a m~asure of the 'leakiness' o f the gut. 
Increased ratios may be associated with intcstinal 
damag~, and the tests can be used to demonstrate 
improvement following therapy. The usc of tWO 
sugars and expression of the results as a ratio elim
inates variables such as dose, gastric ~mptying, 
intestinal transit time and mucosal blood fl ow. In 
addition, a further sugar pair (e.g. xylose and 3-0-
methyl-glucose (JMG» may be added to the 

preparation. Xylose absorption appears to be rate 
limited according to t h~ functional capacity of 
camers in the intestinal brush border, whereas 
3MG is com pletely absorbed. Reductions in th~ 
ratio xylose/3 MG may be attributed to reduced 
function in the intestinal brush border. Although 
these sugar absorption tests are not without p it
falls, and require continued evaluation in a clinical 
setting, they can prov~ a useful part of the 
armoury in the investigation and management of 
cani ne and feline small intestinal disease. 

Scquemial measurement of breath hydrogen 
concentrations following sugar administration 
has also been used as a clinical tool; hydrogen is 
produced by ~meric bacterial metabolism o f car
bohydrate. An early peak of hydrogen concentra
tion following administration suggests ~ilher high 
proximal small intestinal bacterial numbers (i.~. 
SIBO) or r.lpid imestinal transit. 

• Radiographic examlnaUon 

Plain abdominal radiographs can identify radio
opaque intestinal foreign objttts, intestinal 
obStruction and large mass~s. Positi vI.' eomrast 
radiographic examinations of the upper gastro
intestinal tract (usi ng barium liquid or barium 
impregnated plastic spheres) allow evaluation of 
gastric emptying and intestinal transit times, and 
can identify intestinal obstruction and anatomic 
anomalies. In addition, liquid barium can identify 
radiolucem foreign objects, focal and diffuse 
intestinal thickening, and mucosal abnormalities. 
A bariu m ~nema may be used to demonstrate 
similar changes in the large imestine. Negative 
COlll taSt cxamin:nion of the upper gastroillleslinal 
tract (cnteroclysis) has also been described but is 
not in common clinical use. 

• UltrasonDgraphic examinations 

Ultrasonographic examinations can be comple
mentary to, and in some cas~s alternative to, con
trast examinations of the small and large bowel. In 
experienced hands, ultrasonography can id~ntify 
mucosal thickening (focal o r diffuse), intestinal 
mns lesions, imestinal obstructio n, foreign 
bodies and anomalies (e.g. intussusceptions). In 
addition, focal mass lesions of a sufficient size to 
a\'oid luminal perfo ration can be biopsied using 
automated, spring-loaded biopsy instruments. 
This procedure should not be attempted by the 
inexpcri~nced operator. 
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• Dlelary Irlal 

Suspected dietary intolerance may be ruled out by 
performing a careful dietary trial. This should 
consist of feeding either a proprietary or home
made diet which contains a limited r:tngc: of 
protein and carbohydrate sources (ideally one of 
each), nonc of which the animal hots encountered 
~fore, and should therefore ~ based upon a 
thorough and careful dietary history. For home
made diets, possible carbohydl"3tc sources include 
maize, rice o r potatoes and possible protein 
sources include rabbit, chicken, turkey, fi sh or 
low-fat cottage cheese. These diets should be fcd 
for a minimum o f 4 weeks (authori ties vary on 
this point) and the owners should be instructed co 
ensure that the animal is exposed to no other 
foodstuffs throughout this period (including 
treats or sw~eu). 

High fibr~ di~ts ouy be useful for the manage
m~nt of chronic larg~ int~stinal diarrhoea, and 
may be fed early in th~ course of investigation if 
infectious disease is ruled out and clinical signs arc 
mild. 

• Endoscopic axamlnation 

Endoscopy allows minimally invasive visualiza
tion and mucosal biopsy of the stomach, duode
num, colon and, occasionally, the ileum. It also 
facilitates collection of samples such as duodenal 
juice for microscopic and microbiological 
inves;tigation. Abnormal visual findings during 
endoscopy include mucosal thickening/corruga
tion, mucosal erythema, excessive mucus, 
incr~ased mucosal friab ility (all consistent with 
infl ammation or neoplasia), luminal stricture, 
mucosal bleeding. mass lesions, and ulcers or 
erosions. The absence of visual abnormalities 
does not rule out significant microscopic dise:tse. 
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• Biopsy 

Whenever performing an endoscopic examina
tion. or when exploratory surgery is non
diagnostic (or unremarkable), multiple mucosal 
biopsi~s should be obuined. Thes~ may be either 
mucosal pinch biopsies during endoscopy or full 
thickness biopsi~s during surgery (dermatological 
biopsy punches arc useful for this). Biopsies 
should be pla.ccd in fixative for subsequent 
histopathological examination. Histopathology 
will help identify and characterize mucosal 
inflammatory infiltration, mucosal neoplasia, 
lymphangiectasia. and some cases of infection or 
parasitic infestation. 

• Exploralory laparolomy and biopsy 

Indications for exploratory lap:trotomy include 
discrete lesions identified by palpation, 
endoscopy, radiography or ultrasonography, 
and the need to obtain full thickncss biopsy 
sp~c imens from the length of the small bowel. 
Exploratory laparotomy should be performed 
only after ruling out systemidmetabolic disease 
and infectious disease. Duodenal juice may also 
be aspirated during exploratory laparotomy, 
using a syringe and needle passed obliquely 
through the bowel w;a ll. 

I Duodenal juice examination and 
culture 

Duodenal juice may be examined under phase 
contrast microscopy for the presence of para
sites (e.g. GUArdUA trophozoit(5) and may be 
submitted for quantitative bacterial culture 
which is the only means of definiti vely diagnos
ing 5180. 
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Defecatory Tenesmus 
C. M. Elwood 

T enesmU$ is exussive str.lining to defecate or uri
nate. The investigation of abnormal urination and 
urinary incontinence is dealt with in Chapler 22. 
This chlptcr therefore concentrates on the inves
tigation of de£ccatory tenesmus. 

I NORMAL OEFECATION 

Normal defecation is achicvM by a combination 
of voluntary contro l :md reflex ;!,c tiviry. coordi
mucd in the lumbosacral spinal cord. The urge to 
defcc:nc occurs in response to stimulation of the 
rectum, and is transferred in afferent fibres o f the 
parasympathetic nervous system to the spinal 
cord, via the pd vic nerves. Sensations associated 
with stimulation of the anus and stretch of the 
muscles of the pelvic di"phr.lgm also tnvd 10 the 
lumbos3cral spinal cord 3nd playa role in both 
maintaining continence and initiating defecation. 
Continence mech3llisms allow an animal to reach 
a si te appropriate fo r defecation. at which point 
conscious inhibition of the defecatory reflex is 
removed and the animal adopts a squatting 
posture. There is relaxation of the external anal 
sphincter (striated musele innervated by the 
pudendal nerve). contraction of thc lcvato r ani 
muscle (first coccygeal nerve) and coccygeus 
muscle (third sacral nerve). inhibition of tone in 
the internal anal sphincter and contraction of rec
tal smooth muscle (parasympathetic fibres in the 
pelvic nerve). By closing the glottis, contracting 
the diaphragm and contracting the abdominal 
musculature. intra-abdominal pressure increases 
and the faecal bolus is extruded. 

I PATHOPHYSIOLOGY OF OEFECATORY 
TENESMUS 

The clinical sign of dcfecato ry tenesmus resul ts 
from continued stimulation of the defecatory 
reflexes. These stimuli may be appropriate. when 

there is actual or fun ctional obstruction to normal 
passage of faeces, o r inappropriate, arising from 
either continued stimulation of stretch receptors 
and/or mucosal irritation. Functional o bstruction 
to the passage of faeces may result from weak
ness/paralysis of the smooth muscle o f the bowel, 
spasm of the muscles (due to pain or neuromuscu
lar disease), an inability to increase intra-abdomi
nal pressure (pain, muscle weakness, breach of the 
abdominal cavity wall) or an inability to maintain 
the normal posture for defecation (pain, weak
ness). Differential diagnoses for defec;u ory tenes
mus are listed in Table 8.1. 

I INVESTIGATION OF DEFECATORY 
TENESMUS 

I§~I HISTORY CHECKLIST 

() Age, breed, sex? 
Very young animals with defecatory tenesmus 
should be examined for imperforate anus or 
intutinal atresia; congenital megacolon is also a 
possibi lity. Entire male dogs are at greater risk of 
pronatic enlargement and perineal herniation, 
which may cause both urinary and defecatory 
tenesmus. 

() Is II urinary or detecatory tenesmus? 
These may be distinguished by establishing that 
there is normal function in the other system, and 
by determining the nature of the abnormal func
tion. Occasionally, there may be disease affecting 
both sySlems (e.g. prostatomegaly causing urinary 
obstruction and dcfecatOry tenesmus). 

() Obstrucllon Of Irritation? 
Persistent straining following the passage of faeces 
suggesu mucosal irritatio n whereas straining 
before passage is more consistent with obstruction. 
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Table 8.1 The differential diagnosis of defecatory 
tenesmus 

OillCitorr tl,,"mllS with Impty colon 
large UUeslU'Ial dlirrhou 
Caecal Inversions """'" _ ... 
Extr.tCOlonic comprewon 
Intussusception 
Acute pancfraIJIIS 
PrOCtitIS 

Deteutory lellellnUS with lull colOft allliabnormal rectal 
",mlnatlon 

ANI IoaC abscessaIJon 
Anal sac neoplasia 
Faecal impactJOl1 
Foreign body 
Imperlor.ite anus 
InlHlJnal atresia 
lmrapelvlc mass 
Parilrectal neoplasla 
Pelvic naJrowillQ 
Perianal abscess 
Perianailistuia 
Perinealilernia 
Prostatic enlargement (neoplasia. hyperplaSia, abscess, 
",I) 
Rectal neopIa:sLa 
Rectal strICture 
Trauma 

DrlKalory I.nnmus with tull colon Ind normal flctal 
.. amllllllOft 

8tRign COIDOIC sinelutl 
Dysaulonomla 
Delrydraoon 
Drugs (opgles and oplOicls. antdlohnergics. sucralfate. 
kaolin) 
Foretgn body 
Meoacolon 
Colonic lIeOJIIasll 
ExtralumlnaJ comprHSion 01 tile colon 
Musculoskeletal pain or weakness 
Inability to raise intrNbdomlnal pressure (e g, Inguinal 
hernia, diaphragmatic rupture) 

o Diarrhoea? 
Diarrhoc.l is increlSoo frequency of cffective 
defecation, incre;ucd raec~J volume or increased 
f;tec~1 fluidit y. Tenesmus due 10 causes of b rge 
bowel di.lrrhocJ is often associ:noo with the 
production of small volumes of semi-liquid 
facces. oft en "ery mucoid wit h surface haemor
rhage. If b rge volumes of watery diarrhoea are 
produced, small bowel in\'olvemclll should be 
SUSpccted. 

OEFECATORYTENESMUS I ~7 

o Conltlp. llon? 
Defcc:lIory tenesmus with infrequent pas$;lge of a 
51001. suggesu either a funClional disorder of the 
normal dcfecalory appaJ':llus (e.g. meg.acolon. 
perine.l! hernia) or partial/incomplete obstruction 
to the pUS.lgl! of faeces (e.g. intnpC!!vic mass, 
f.aecal impaction). 

o Hltmlloch,zll? 
Blood on thl! stool. without di.arrhoe.a. sugges1.5 
fOC:lI lesions of the colon. rectum or anus (I!.g. 
colonic neoplasia, early colilis, rectal trauma. anal 
$;IC .lbscess). 

o Dyuhezll? 
Painful defecation may be manifested ilS constipa
tion. crying out upon defecalion or reluctance to 
defecate. Dyschezia with tenesmus may be seen 
with painful conditions such as anal sac absceS5a
lion, rccla! or colonic neoplasia, proctitis, rectal 
traum.a or foreign body, prostatic disease ;lIId 
intrapelvic neoplasia. 

o Siool ch.Jlcler? 
Slools with .l ribbon-like shape imply luminal 
stricture in the rectum. 

o Traumll10relgn body? 
Recent foreign body ingestion may suggallena
mus is due to colore'cul irrit.ltionlobsU'Uction. A 
history consistent with tnuma to the anus. rec
tum, pcrinl!um or pelvis m.ly indicate a possible 
functional or actual obstruction. 

o Abdomlnll plln? 
Signs of abdominal pain include crying upon 
handling or abdominal palpation, bo:uding of 
the abdominal musculature, 'colicky' behaviour 
and performance of relief postures. Pain may be 
seen wilh traumatic dise.lses of the de(ecatory 
appantus and with neoplasia. Other causes of 
pain must also be considered, bec:luse they can 
prevent adoption of norm:ll voiding posture or 
manoeuvres to incre;tSe inlra-.abdominal pres
sure. 

o Signs 01 n,uromuscullr dl.ease? 
Possible wC.lkness and/or paresis, atuia. hind 
limb muscle wasting. muscle pain or back pain 
should .all be questioned to evaluale possible 
generalized spinal or neuromuscular disease as 
a cause of dcfcc:ltory tenesmus. 

o W"ghllou? 
Weight loss suggests either syslemic involvement 
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in a diseue process (e.g. noopluia. inf«:tion) or 
gaStrointesti nal dis~asc. 

o Reeent medlcallon? 
A history of recent drug :ldministration should b~ 
obl'.1i ned, bcc:lu5e certain drugs can cause conni
pation ( rable 8.1). 

o Dysautonomia 
Regurgitation. dry mouth. dry eye. mydriuis and 
protrusion of the nictitating membrancs may 
accompany dd«atory (and urinary) tenesmus in 
cJ.scs of dysautonomia. 

1\(,1 PHYSICAL EXAMINATION 

o General physical examination 
This should identify complicating or intercurrent 
disease. The perineum should be examined for 
asymmetry. swelling, discoloration and pain. The 
inguinal and umbilical regions should be 
eX:lminoo for h~rniation. Dyspn~J. following a 
ro:ld-traHic accident may be associated with 
diaphragmatic herniation, and may be accompa
nied by reduced hean or lung sounds on thonde 
:luscuhation. Herniations and ruptures c:ln 
pre\'ent th~ normal i n c r~ase in intra-abdominal 
pr~ssure during defecation. 

a Abdominal palpation 
Abdominal palpation shou ld particularly auempl 
to identify the colon and prostate(which may move 
imo the abdomen when enlarged). A !:Irge colon 
full of hard faeca l boluses m ... y be detC'Cted when 
there is constipation or obstip ... tion. Mass lesions 
of the colon, bhdder or caudal abdomen may be 
detecuble. Abdomin ... 1 palpuion should be 
repeated at every opponunity, particularly when 
the animal is relaxed (e.g. during sedation or gen
eral anaesthesia for other di:lgnostic procedures). 

o Rectal examination 
Rectal palpation should be performed in every 
dog but may not be f~asib l c in eau. Fe;lIures to 
notc on recul palp2tion include anal tone, the 
chilracter of faC'Ces, the presence or absence of 
blood on the glo\'e, the diameter of the pelvic 
canal, the size, firmncss 2nd sensitivity of the 
intrapelvic urethra. breakdown of the pelvic 
diaphragm consinent with perineal herniation, 
the size, shape, surface regularity, consistency and 
sensitivity of the prostate gland (male dogs) 2nd 
the presence of r('e tal runs lesions, foreign bodies 
or recral strictures. 

o Neuromuscular examination 
When the gene",1 history or physiul eumination 
suggCStS possible neuromusculu or mU5culo
skele~-al d.isease, neurological and musculoskeletal 
examinations arc appropriate. 

I FURTHER INVESTIGATION 

• Observation 

The clinician should observe the actions of the mi
mal when showing tenesmus. This may allow con· 
fi rmation of the nature of the tenesmus (urinary 
versus def«:atory). The normal postures for defe
cation and urination differ in bolh the c2nine 
and the feli lle and may help 10 loc:llizc signs. If a 
nomlal poSlure is ... dopted, neuromuscular or 
orthopaedic conditions become less Ii kel y. If str-ain
ing produces signs of p2in or discomfort, then 
musculoskeletal disease should be considered. 
Observation also allows funher confirmation of 
historical pointS al rC2dy covered. 

• Investigation 01 large intestinal 
disease 

Where hislory and physic21 examination suggeSt 
thai b rge illleslinal diarrhoea is present, im·cstiga
lions should be pursued based upon Ihe :lppropri
ate differenlial di:lgnosis (see Chapler 7). 

• Haemalology/blochemistry 

Haemalology and biochemistry screens should be 
obtained to rule out met;t.bolic or infectious dis
ease. Complications of conditions n using tenes
mus include hypercalcaemia secondary to anal sac 
adenocarci noma or peritonitis. 

• Microbiology 

Microbiologic21 examination of faeces is indicatoo 
where b rge bowel diarrhoeil is a feilture, or where 
there is a proctitis. 

• Parasllology 

These examinations may be n«esury to rul~ out 
parasitic causes of defecatory tenesmus (e.g. 
T ricIJuriHJH/pis). 
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• Plain rad lographl, examinations 

Radiographic uaminations play II mljor rote in 
the investigation of dcfecatory tenesmus. Plain 
lateral abdominal radiographs should always 
image the anus and rectum; it is easy to colli
male out structures such as the terminal rectum 
and fail to detect perineal herniation. Plain 
abdominal radiographs allow identification of 
enlarged org:lns, megacolon, intra-abdominal 
masst's, radio-opaque foreign bodies, some · . . . 
mtussusct'puons, prostatic or paraprostauc 
MlargcmcnlS, perineal herniation and skeletal 
disease. 

• Barium enema 

Following thorough bowel cleansing, <I. barium 
enema may be ldminiSlcred to provide COOiraSI 
examination of the lower bowel. This may out
line foreign bodies, intussusceptions, mucosal 
irregularities, mucosal thickenings or mass 
lesions, strictures, and extra[uminal compres-

• Slon. 

• Ullrasonography 

Ultrasonography may bc extremely useful to 
evaJuate the gastrointestinal tract and prostate. 
Ultrasonography can detect muses of the intesti
nal wall, intraluminal fo reign bodies, intra
abdominal masses, intussusception, intrapelvic 
masscs and prostatic enlargcment. Ultrasound 
may also be used. to guide aspir:uion o r biopsy o f 
focaJ abnormalities. 

• Needle biopsy 

This may be appropriate fo r the funher assess
ment of masses identified by observation, palpa-. . . 
lion or Imaging. 

• Prostatic wash or ejaculate analysis 

Thcse investigat ions may be appropriate where 
prostatic disease is a suspected. cause of defecatory 
tenesmus (sec C hapter 41). 

DEFECATORY TENESMUS I 69 

• Fae,al ,ylology 

Following the passage o f faeccs o r rectal examina
tion. surface mucus on the stool o r glo ve may be 
smeared. fo r cytological examination. This may 
reveal inflammatory cells, infectious organisms 
(e.g. Histoplasma spp. in Nonh America), or 
spores of toxin-producing Clostridium per/rin
gens. 

• Pro,loscopy/,olonos,opy 

To evaluate the large bowel and rectum visually, 
and to obtain mucosal biopsies of :lny identified 
lesions, proctoscopy or colonoscopy may be per
formed. These techniques may be achieved. with 
rigid instruments (which only eV:lluate the rectum 
and descending colon) o r fl exible fibreoptic 
instruments (which can evaluate the whole length 
of the large intestine). Tho rough patient prep:lra
tion :lnd cleansing of the colon is indicated to 

:lllo w adequate visualization o f the mucosa. These 
techniques will detect mucosal infl:lmmatio n, 
paruitic infestation, neoplasia, stricture, foreign 
bodie5, extraluminal compression, intussuscep
tions and caecal inversion. 

The diagnostic approach to defecatory tenes
mus is su mmarized in T:lble 8.2. 

Table 8.2 A diagnostic approach 10 defecalory 
tenesmus 

1. Determine general health Ind nature 01 deletlUon 
History 

2. E'IIlulte Inus, rectum, colon Ind abdominal tlvity 
Physical examination 
AbdomInal palpation 
Rectal examination 

3. Signs 01 ilrge bowel dlarrltnu/colitiS/protiitis 
Se~ CllaplelS1 and 36 

4. Rule oulsyslemlc disuse or comptiCilinns 
Haematology 
Biochemistry 
Urinalysis 

4. 1/ obslrvtlian suspetled, Iltempt 10 iocalize/ 
chlratll rize 
Plain abdomlnai radJOgraphs 
Uttrasooography 
COI1lrast radiography 
Proctoscopy/COtonoscopy 
TIssue sampilng procedures 
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Polydipsia and Polyuria 
J. K. Dunn 

Polyuria signifies the form~tion and excretion of 
large volumes o f urine (50 ml kg-I 24 h-

'
) usually 

o f low specific gravity. Polydipsia can be defined 
a5 increased thirst resulting in the consumption o f 
increased volumes of flu id (>100 ml kg-I 24 h·1). 

Depending on the water content of the diet a 
healthy dog drinks on average 50-60 ml kg-L 
24 h-1

; normal urine output \'ari c:s between 20 and 
40 ml kg-I 24 h-I , 

I NOR MAL WATER BALANCE 

The balance between water input :md output is so 
precise th:u daily flu ctuations in body wf."ight 
rard yexceed 1%. W:ttcr may ~ t;tken imo the 
body by drinking or in food (hence the moisture 
content of the diet may influence the volume of 
water drunk); it is abo produced in the body from 
the oxidation of carbohydnte, fat and protein. 
Water is lost from the body in urine, faeces and by 
evapor:uion from the skin and respiratOr)' tract. 
Under normal circumstances the amount of water 
loS! in faeces is minimal compued to the volumes 
lost in urine and by evaporation. Adjustments [0 

the nte of release of antidiuretic ho rmone (ADH) 
from the neurohypophysis ensure that the urine is 
maximally concentnted and that the volume is 
the minimum required fo r the obligatory excre
tion of the end-produclS of protein metabolism 
(urea, sulphate and phosphate ions). Water con
tained in the diet plus the volume of water drunk 
after a meal are sufficient to meet this obligatory 
urine loss. Similarly the increased volumes of 
water drunk by animals in ho t weather or during 
pcriods of activi ty ;LTe sufficient to immediately 
match the increased evaponti"e losses and pre
VCnt dehyd ration. 

The fWO main mechanisms responsible fo r nor
ma! water balance are: ( 1) the thirs t mech.:mism 
and (2) the renal concentration mechanisms. In 
most cases polydipsia compensates for obligatory 

polyuria, i.e. polyuria is the primary problem and 
results in a secondary or compensatory polydip
sia. This is true for all the d isorders which are 
commonly associated with polydipsia with the 
exception of primary or psychogenic polydipsia 
(compulsive water d rinking) where polyuria is 
secondary and occurs in response to the excess 
water load. 

Providing the thiTS! and rena! concentrating 
mechanisms are intact polyuria is accomp:1Ilied by 
compensatory polydipsia so that the volume of 
total body fluids is maintained within normal 
limits. Simultaneous defects in the thirst and 
renal concentratio n mechanisms may result in 
twO possible outcomes. 

1. Polyuria which occurs without compensato ry 
polydipsia resul ts in volume depletion of both 
the extracellular and intraccllul:u compart
ments leading to hypernatraemia, hypo
vobemia and cellular dehydrat ion. 

2. If polydipsia occurs without compensatory 
polyuria the cells become overhydrated which 
may have consequences on cerebral and pul
mo nary fun ction. The same problem may 
occur with iatrogenic volume overload follow
ing the overzealous administr;Hion of intn
venous flu ids especially to patients with 
impai red renal tubular fun ction or renal 'shut
down'. 

Water balance is partly regulated by [he osmolal
ity o f the extracellular fluid (ECF) and is therefore 
dosely rdated to sodium homeostasis since the 
osmolality of ECF is almost entirely determined 
by the concentration of sodium ions (Fig. 9.1). 

I THIRST 

The ' thirst ' centres are located in the hypothala
mus. The neurones o f the thint centre respond to 
increases in ECF osmolality and decreases in 
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Figure 9.1 Water anti sooium balance. ECf, extracellular fluid . 

effective blood (ECF) volume. T he normal day 10 

day control of water balance involves interaction 
between osmoreccptors in the hypothalamus and 
pressure receptors located in the left at rium and 
major vessels (carotid sinus and aortic arch). 

I RENAL CONCENTRATING 
MECHANtSMS 

• Secretion of antidiuretic hormone 

AD H (or vasopressin) is synthesized by the 
supraoptic and paraventricular nudei of the 
hypothalamus and stored in nerve endings in 
the posterior pituiury (neurohypophysis). The 
osmoreceptors of the hypothalamus arc located in 
close proximity to the ADH synthesiz.ing cells. 
The stimuli for ADH release are plasma hyper
tonicity and hypovolaemia. Sodium and its anions 
contribute more than 95% to the total osmotic 
pressure and arc the most potent stimulators of 
ADH secretion. A 1 % increase in osmolality is 
sufficient to evoke a significant change in ADH 
secretion via osmortceptors in the hypothalamus 

whereas an 8-10% reduction in blood volume is 
required to stimulate ADH release. 

ADH increases the permeability of the cells o f 
the disu.l renal tubules and collecting dUClS to W:Her 
via a specific receplor mechanism. In response to 
ADH, water is reabsorbed along concentration 
gradients established in the renal medulla by the 
countercurrent multiplier system involving the 
loop of Henle and vasa rtcta. High concentrations 
of sodium and urea in the medullary intemitium 
preserve this concentration gradient which is nec
essary for AOH to exert its maximal antidiuretic 
effect. A loss of renal medullary hypertonicity 
(,medullary washout') reduces the abil ity of the 
kidney to concentrate urine in response to ADH. 

The ability of the kidney to concentrate urine 
thcrefore depends on the following factors; 

1. The amount of circulating ADH. 
2. The responsiveness of the distal tubules and 

collecting ducts to ADH . 
3. The degree of hypertonicity of the renal 

medulla and the presence of a normal eoneen* 
tration gradient. 

4. The concentr;uion of solute in the glomerular 
filtrate. 
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• Renallubular funcllon 

Glomerular filtrate is isosthenuric. i.e. has 
a specific gravity si milar to thou of plasma 
(1.008-1.012). Approximately 70% of the fil
tcred sodium IOOld is OlClivd), reabsorbed in the 
proximal IUbule b), a process which is depen
dent on the Olcti \'lt)' of a cellular sodium
potassium ATPase pump. The continuous reab
sorption of sodium Olnd other solutes including 
glucose sets up osmotic gradienu so thoU water 
is relbsorbed p:l.SSi,·cly with the sodium. 
Approxinmcly 25% of the sodium 10ld is relb
sorbed with chloride from the thick ascending 
limb of the loop of Henle. a process which C2n 
be blocked by loop diuretics such .1S fru semide. 
Reabsorpt ion o f sodium from dle loop of Henle 
contributcs signifi cantl), to the maintenance of 
medullary hypertonicity. Since this part of the 
nephron is rebti\'dy impermeable to water thc 
glomerular filtrate is actively diluted and is 
thcrefore hypotonic as it enters the dist21 
tubule. In tht' dist21 tubule sodium (less than 
10% of the filtered load) and water lre reab
sorbed under the action of aldosterone, while 
pol:I.ssium is acti,'cly secreted into the tubular 
lumen. Finally. in the presence o f ADH. water 
is rubsorbed with urea from some dis tal tubule 
segments and the collecting ducts resulting in 
the formation of concentr;ued urine. 

• Aldoslerone 

Aldosterone is produced by the zona glomeru
lou of the adrenal cortex and acts on the cells of 
the distal tubule to promote the reabsorption of 
sodium and excretion of potusium and hydrogen 
ions. Increued plasma polOlssium concentrations 
increase 2ldosterone secrelion ,·j2 a direct eHect 
of pOlassium on the adrenal conex. Alterations in 
plum2 sodium concentration 2Hect aldosterone 
rcle:tse \·ia the renin--:1.ngiolensin sy'tem (Fig. 
9. 1 ). 

Sodium depletion causes a reduction in circu
lating blood volume which decreases renal perfu
sion. In response to Ihis decre;tSe in renal 
perfusion speci21ized myoepithelial celi, in the 
juxt2glomerular appar:nus secrete the proteolytic 
enzyme rcnin. Conditions such :I.S dehydration, 
shock. h2cmorrhage or congc5Ii,'c he2n failure 
which decrease ECF volume 2nd/o r arterial blood 
pre5sure therefore activate the renin-angiotensi n 
s)'stem. 

Renin de:tves angiotensin I from :lIlgiotensino-

gen, a plasma 2lpha-2 globulin produced in the 
liver. Angiotensin converting enz.yme (ACE) 
cOIl\'ens angiotensin I into 2ngiotensin II. 
Angiotensin II is a powerful vasoconstrictor 
which increascs peripheral vascular resist2nce. It 
also h:ts 2 direct negative feedback eUect o n the 
secretion of renin and stimuloues the release of 
aldosterone from the adrenal cortex thereby 
restoring the ECF ,'olume defici t 2nd increasing 
anerial blood pressure. 

Acti,'ation of the renin-angiotensin system 2nd 
the incre2sed circulating le"el, o f aldosterone m2y 
panly explain why dogs with congestive heart 
failure, panieularly those in thc e2rly stages of 
decompensation, tend to be mildly polydipsic. In 
addition to providing a stimulus for ADH release 
angiotensin has a d irect stimulatory effect on the 
thirst centre. 

• Nalrluretic faclors 

Natriuretic factors arc peptide! that influence 
sodium b21lnce in the shon tr rm by promoting 
the urinary excretion of sodium. One such factor, 
2trial natriuretic peptide, is reluscd in response to 
left atrial volume overload, 

I PATHOPHYSIOLOGY OF POLYURIA 

In many cues the Clluse of polyuri2 is mulri
factorial, for example the polyuri3 usociated 
with chronic liver disease may be partly due to 
renal medullary washout (dccrC:l.sed urca pro
duction), 2nd panly to deCfC:l.Scd ren in cat2OO
li5m or possibly the reduced metabolism of 
glucocorticoids resulting in interference with 
the action of ADH. The proposed palhophysio~ 
logical mech;lnisms for the numerous non~ 
endocrine and endocrine disorders which cause 
polyuria/polydipsia arc described in Tables 9. 1 
and 9.2. The mech:tnisms responsible fo r the 
polyuria/polydipsia associued with many of the 
non-endocrine disorders frequently involve an 
endocrine component, for example interference 
with the aClion of ADH. 

• Solule diuresis 

Osmotic diuresis occurs when the glomerular 
fi h rate comains a large amount of solute (e.g. 
glucose. urea or sodium) which exceeds the 



Table 9.1 Non-endocrine causes 01 polyuria and polydipsia 

CaGdillon 

Chronic rena! failure 

Cllronlc liver disease 

Pyometra and other toxaemlc states 

Prima", (psycllogenic) potydlpsla 

Primary renal olycosuria 

Fanconi syndlome 

HypercalCaemia, eo. hypercalcaemia 
associated with malignancy. metastatic 
bone IIlmours. renal d~sla 

Hypokalaflmlil. e.g. excessive lOss of 
potassium VIa the gastrointestmal tract 
or unoa", tract (diabetes mellitus, 
dIUretics) 

COngestlVfl heart failure 

Nuh.nlsm 101 1I01~Ulia}pa IJ1l lpsll 

Oecreasa In number of functional nephrons; osmotlc diuresis 

Decreased medunary tlyperlonicrty: !lypertortlsolaemla; Impaired achon and 
release of ADH and aldosterone 

Renal tubular InsensitMty to ADH Induted by E COIJendotoxrns; Immune-eomplu 
glumerulonephntls 

FailUie 01 collecting dUCIS to respond to ADH medullary washout 

Osmotic diuresis 

Osmotlc diuresis 

NephrocalCinosIs may result In Chromc renal insulliclency; imparred Kllon of AOH 
on renal tubularJcolletllng duct receptors 

Intracellular dehydration results in stimUlation of thirst centre; medunary washout; 
lallure of collecting duct to respond to ADH 

Actlvallon 01 the renln-anoiotensm-aldosterone system (anolotensln lias a dl/eet 
sUmulalory action on the Ihlrsl centre) 

HypervrSCOSlty syndromes, eg Uncertain 
po/ycyttIae mia, trype rgam ma g 10llu linaemlil 

Table 9.2 Endocrine causes 01 polyuria and polydipsia 

CondltJon 

Diabetes InSipidus (central or 
nephrogenic forms) 

Diabetes mellitus (may be associated 
With hyperadrenocorticism) 

Hyperadrenocorticism (may be 
associated WIlli diabetes mellitus) 

Hypoadrenocorticlsm (appro.imately 
15'ro 01 chromc cases are poIyurltl 
potydIPSIC) 

Hyperthyroidism 

Acromeoaly (either latrDg!nlc due 10 
prolonged progestagen adminis1rallOO 
or ariSes spontaneously clurlng dioestrus 
phase 01 oestrus CVtIe) 

HypercalCaemia. e.O pl1mary 
tryperparathyroldism (usually 
parathyroid adenomas); 
hypervitaminosis D 

Hypocalcaemia. e.O.idiopathic 
tlypopalalhyroidlsm: thyroid carcinoma 
resulting in I!yp!!l'calcitonlsm (rare) 

Mechanism lor pDI~urll/pol~d l plll 

Decreased secretion 01 AOH (central) or dIStal lubuleslcollectmg ducts 
unresponsive 10 ADH (nephrogenic) 

OsmotiC diuresis 

Excessive production 01 cortlso!lnterleres With ;ction 01 ADH 011 rena! 
lubulK/collectlng ducts; ?inllibilion 01 ADH release 

Medullary washout (increased urinary excretl(lf1 at sodium); 
IIypovolaemla sUmulale5 AOH release 

Uncertain; probably multilactorial (may Intertere Wllh acUon 01 AOH; increased 
renallliood llow may result in medullary wasttout) 

Excessive production of growth ttormooe results In 
InSulin-resistant diabetes melhlus 

As fIN non·endocrlne causes 01 IIypercaitaemra (Table 9.\) 

Uncertain 

AI/Dr", 07 C elQ ;Jradrvo 



74 I PROBLEM·ORIENTED MEDICINE 

reabsorptive capacity of the proltimal tubular 
epithelial cells. The osmotic gnd ient set up means 
that water is retained in the glomerular filtrate so 
that, even if adequate amounts of ADH are pre
sent, the volume o f fluid presented to the collect
ing dut ! overwhelms its capacity to reabsorb 
water resulting in the obligatory txcmion of 
WOlter. Diabetes mellitus, chronic renal failure and 
the d iuresis that occurs after successful relief o f a 
urelhnl obstruction are examples of osmotic 
diuresis. 

• Waler diuresis 

ADH altl~ rs thc permeability of the cells o f the 
disul lObules and collecting duclS to wOlter by 
anaching to receptors on the peritubular side of 
the cell. This results in activation of adenyl cyclase 
and an inerease in the intracellular concenlntio n 
of cyclic AMP. The ingestion of a large volume of 
Water for example in dogs with primary polydip
sia upands the elltracell ular space and plasm3 vol
ume, i.e. the animal beeonle$ overhydrated and as 
a rn ult ADH secrelion is inhibited (i n Ihis Ule a 
r~lalifJC' deficiency of ADH). Water diurelil may 
be the tc5uit of an absobdt (total o r partial) defi
ciency of ADH (cenml diabetes inlipidul). 
Se\'eral drugs, hormones and disease conditiom 
aiter the renal tubular responliveneu 10 AO H by 
altering the interaction of ADH with ilS rC'Cep ~or, 
the activation of adenyl cyclase or the tataOO!Uim 
of cAMP (nephrogenic diabetes insipidus). The 
result is the ellcretion of large volumes of solute
free urine. 

• Renal medullary washoul 

The conicomcdullary gradiem is maintained by 
the efflux of high levels o f urea and sodium 
chloride from Ihe loop of Henle and coilecting 
ducts. Cond itions which deplete the concentra
tion o f urea o r sodium in the renal medullary 
interstitium or diseUC'S which caUle pronounced 
polyd iplia over a prolonged peri,,? . may relult 
in a lou of medullary hypertOniCIty and an 
inability to concentrate urine mn::imally even in 
the presence of adequate amounts of ADH. In 
addi tion to causing polyuria. medullary washout 
may create probtellU when i nterp~eting .the 
variOUl diagnostic teslS Ul~ to d'f~er~ntlate 
between primary (psychogeOlc) polydlplla and 
both the central and nephrogenic forms of dia
betes inlipidus. 

I INVESTIGATION OF POLYDIPSIA AND 
POLYURIA 

Endocrine and non-endocrine causes of 
polyuria/poJydipsiOl and the pathophYliological 
mechanisml arc lummariud in Tables 9.1 and 9.2. 

An accurate history and tho rough physical 
cumination arc prerequisi te if unnecC'$ury and 
expensive laboratory tests afe to be avoided. 
Consideration should be given to the general 
health of the parieOl, diet, em'ironment:!.1 factors, 
reproductive history, and recent or current d rug 
3dministration . 

I§~ I HISTORY CHECKLIST 

o How much water li the animal drinking? 
Verify and quantiute thc polydipsia. The volume 
of water drunk should be quantit'ated o n a daily 
(24 hour) basis at an early nage of the investiga
tions. Fo r animals fro m multi-pet householdl this 
may require a short period of hospitalization. 
In most cases, including animals with diabetes 
insipidus, the polydipsia is secondary to an oblig
atory polyuria. Tables 9 .1 and 9.2 list the major 
caUles o f polyuria and polydipsia; mild transient 
increases in water intake may occur in fespOnse to 
dehydntion or hypovolaemia caulcd by or asso
ciated with high environmental temperatures, 
strenuous ellercise, dyspnoea o r prolonged hyper
ventilation. acute haemorrhage, laeution, vomit
ing and diarrhoea and sevefe burns. 

Anim;t}s with diabetes insipidus o r primary 
polydipsia arc usually sc\'ercly polydipsic with a 
four- to sixfold increase in W3ter consumption. 
Somc animals with diabetes insipidus may d rink 
from puddles or toilets; some even drink their 
o wn urine making it difficult to obtain an accurate 
estimate of the volume d runk. Primary polydipsia 
il a rarc condition whcrc water consumption 
exceeds the body's demand and results in 3. com
pensatory polyuria. Specific causes include cent r3.1 
nervous lystem (e.g. hypothalamic) lesions and 
psychogenic polydipsia (compulsive water drink
ing). With the lmer, hOlpitalization 210ne may 
significantly reduce the volume o! ~at~r drunk 
presumably by removing any precIpItating emo 
tio nal o r stress fac tor th2t may be prescnt. 

o Urinary Inconitnence or nocturi. ? 
An owner may seck \'etcrinary attention either 
beeause the animal is drinking more water o r 
suddcnly is unable to. retain large volum~ of 
urine at night. Noctuna refers to the conscIous 
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(voluntary) act of urinating at night which may 
simply tK a coru~ut:ncc of the amount of water 
drunk. Sphincter mechanism incompetence (or 
oestrogen-responsive incontinence) typically 
occurs in o~se, middle-aged, medium to large 
breed spcyed bitches and is characterized by the 
passive dribbling of urine when the dog is either 
lying down resting or sleeping. Polyuria may 
initiate or exacerbate both nocturia and urinary 
incontinence. 

Q Breed , Igland III ( .. malty Intld or neulered)? 
Pyomctn. should be ruled out in middle-aged 
intact bitchts. Poodles arc predisposed to diabetes 
mellitus and hypcn.drcnocorticism; lhasa apsos 
and shih tzUS to familial renal dyspluia; Basenjis 
and elkhounds to primary renal glycosuria; 
Bedlington terriers to copper stof:tge hepatopa
thy. Psychogenic polydipsia. 3hhough a relatively 
rare condition, tends to occur in luger breeds of 
dog. The three major differential diagnoses for 
polydipsia in an elderly cat are chronic renal 
insufficiency. diabetes mellitus and hyperthy
roidism. 

1:1 ",,11111 Ind dllt? 
Composition of the diet influences the volume 
of fluid drunk. This is especially true in cm 
which derive a higher percentage o f their total 
daily flu id requirements from food . Animals fed 
an all-in-one dry diet invariably drink more 
water than do those fed a moist or semi-moist 
diet. Many of the non-endocrine causes 
of polyuria/polydipsia cau~ inappetence or 
anorttia; in contrast, animals with psychogenic 
polydipsia and some of the endocrine cau~s 
such as hyperadrenocorticism, hyperthyroidism 
(unless the apathetic form) and diabetes mellitus 
(unle" ketoacidotic) may have normal or 
increased 3ppetites. 

Q Glnll'll hiIIUl? 
Has the animal b«n showing signs o f systemic or 
metabolic diseue such as weight 1055, lethargy, 
depression, anorexia, vomiting o r diurhoea? If 
the answer is yes, considcr toxaemia (pyometra), 
uraemia, kctoacidosis, hypoadrenocort.icism and 
hypcrcalcaemi3. 

1:1 EI.rclu Inlallrlnc. or gln.rllizld .IIU,U? 
Mu~lc atrophy, especially pronounced over the 
temporal region, and progressive muscle weak
nen occur in dogs with hyperadrenocorticism 
hence their typical pot-bell ied appearance. 
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1:1 eNS ligRl or blbnlourli dllnges? 
eNS signs o r behaviour.a.l changes (atwa, appuent 
blindness, aimless wandering, stupor and seizures) 
may be seen with hepatic encephalop3thy and in 
some dogs with hyperadrenoco rticism (especially 
those with a large expanding pituitary adenoma). 

1:1 Rlproductlve history? 
Recent oeStrus or recent oestrogen administra
tion? Pyometra typically occurs in middle-aged 
bitches and is characteriud by a purulent andl or 
sanguineous vaginal discharge (usually firs t 
noticed 4-8 weeks after oestrus, i.e. during o r 
immediately after the dioestrus phase of the 
cycle). Pyometra may occur in younger animals 
following the adminiSlration of ocstrogens for 
misalliance. H yperadrenocorticism may be asso
ciated with prolonged anoestrus or a histo ry of 
reduced libido in the stud dog. 

a Environmental chlng.s? 
Occasionally a precipil3ting stress factor (moving 
house, new baby etc.) may be identified in dogs 
with primary psychog~nic polydipsia. 

a Trluml? 
Acquirro diabetes insipidus ha.s b«n reponed in 
dogs and cau following lrauma to the head result
ing in disruption of the pituitary stalk. 

a RlClnl/Currtnl drug Idminitlralion? 
Many drugs C3n induc~ polyuria/polydipsia and 
can modify urint specific gravity. Htnce for diag. 
nostic purpoSt5 it is important 10 obtain a urint 
sample btfore the animal is givtn intravenous nu
ids or diuretio:. The administration of frus~midt, 
dextrose, mannitol or intravenous crystalloid 
solutions resulu in an obligatory 50Iutt diurtsis. 
Glucocorticoids and anticonvulsant drugs such as 
phenytoin. primidone and phtnobarbitol int t r
ftre t ithtr with tht release of ADH from tht pitu
itary or the action of ADH on the ren31 tubules. 

1'iV1 PHYSICAL EXAMINATION 

a G.nlral d.mllnour? 
Dogs with the central form of diabetes insipidus 
or psychogenic polydipsia may be excitable and 
nervous but otherwise appear healthy. 

1:1 Weigh Ind lUlU hydral/on status 
Skin ' tenting' provides only a very rough assess
ment of an animal's hydration status and is 
unreliable in the very obest or emaciated patient 
o r in animals with hyperadrenocon icism. 
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a peripheral lymphadenopathy? 
Multicentric lymphadenopathy should be consid· 
ered and the plasma calcium concentration 
checked. The most common cause of hyper· 
calcaemia in small ani mals is that associated with 
lymphoma. 

a Palpable thyroid man? 
Hyperthyroidism in the cat is usuall y caused by 
a benign thyroid adenoma (less frequently a 
thyroid carci noma). 

a Bradycardia? 
Consider cltttrolyte imbalances e.g. hyper
kalaemia (hypoadrenocorticism) o r hypercal-. 
caenlla. 

a Abdomen 
Arc the kidneys enlarged (glomerulonephritis, 
amylo idosis, pyelonephritis) or small and mis
shapen (chro nic interstitial nephritis, congenital 
renal hypoplasia)? 

Is the liver enlarged (diabetes melli tus, hyper· 
adrenocorticism, chronic active hepatitis, feline 
lymphocytic cholangiohepatitis, hepatic neo
plasia) or small (hepatic fibrosis or cirrhosis, 
po nos),stemic shunt)? 

Is the uterus distended (closed-cervix pyometra)? 
Is the abdomen pendulous with or without the 

skin changes described belo w (hyperadrenoconi
cism) ? 

a Extemalgenltilia 
Is there a vaginal discharge (open-cervix pyome
tra) or testicular atroph y (hyperadrenocorticism)? 

a Skin 
Endocrine alopecia, thin, non-elastic skin, come
done formation if associated with a pendulous 
abdomen arc characteristic of hyperadrenocorti-

• elsm. 

a Cataract formation? 
This may suggest diabetes mellitus. 

I LABORATORY INVESTIGATION OF 
POLYDIPSIA/POLYURIA 

• Urinalysis 

Ur;ne protein 

Low molecular weight proteins up to the siz.e of 
albumin arc filte red by the glomeruli and pass into 

the renal tubular lumen. N ormal urine has a trace 
of protein; healthy dogs and cats excrete small 
amounts of protein (usu;l.lly <30 mg kg-I day-I). 
Dipstick reagent strips arc sensitive fo r albumin 
but do not detttt globulins or Bence-Jones pro
teins; a trace protein measurement equates to only 
5-20 mg dl-I of protein. Most animals with 
chronic interstitial nephri tis do not pass large 
qU;l.ntities of protein in urine (there may be trace 
or 1+ reading on;l. dipstick). If 3+ or 4+ protein· 
uri;l. persists, calcul;l.lion of the urinary 
protein:crealininc ratio m;l.y help to rule out 
protein-losing nephrop;l. thy (sec below). The uri
nary protein content m;l.y be increased by the 
presence of red blood cells, white blood cells and 
b;l.ctcria and this should be (;l.ken into considera
tion when interpreting the results. False positive 
readings may occur if urine contaminated with 
quaternary ammonium antiseptics o r chlorhexi
dine or if urine is highly alkaline; damp strips may 
also give a blse posirive result. False negative 
readings may occur if the predominant prolein is 
not albumin or if urine is vcry dilute. 

Turbimetrie tests induce precipit;l.tion of pro
tein b). the additio n of chemical re;l.gents, e.g. 
nitric acid, hot ;l.eetic acid and sulphos;l.licylic acid 
{SSA}. The density of the precipitate is qU;l.ntified 
by optical densitometry. Turbimetrie tests detect 
albumin, globulins. Bence-Jones proteins and 
glycoproteins. False positives occur if sulphon
amide metabolites, penicillin, cephalosporin or 
iodi n:ued r:ldiogr:lphie contr:u;t :r.gents :r. re presenl 
· . 
III unne. 

M"hanlsms of prote;nurla 

• Prere1lal (preg/omem/ar) or giomrru/ar Of)er
load: Intra\'<l$cular h;l.emolysis (haemoglobin
aemia); rhabdomyolysis (free myoglobin); 
immunoglobulin light chain monomers or 
dimcrs (Bence-Jones proteins) with plasma cell 
myeloma 

• Glomerular. D;l.mage to glomerular filtration 
b:r. rrier e.g. glo merulonephritis, renal amyloid-

• 
OSIS 

• Postglomcrufar 
(a) Defective proximal tubular cell function 

resulting in failure 10 reabsorb low mok"Cu
lar weight proteins, e.g. Faneoni syndrome. 
acute tubular necrosis (he3.\'y metal or 
aminoglycosidc tOllicity) 

(b) Urogeni tal inflammation resulting in 
exudation of protein imo urine, e.g. 
pyelonephritis. cystit is, prostat itis, uro
lithiasis and transitional cell carcinoma 
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• Funaional prottinuriA? In humans functional 
proteinuria is associated with strenuous exer
ci~. fever. uposure to extremes of temper:l
ture. stress, congestive hean failure and 
systemic anerial hypcnension 

Ass,sslng th' "gnlflun&l of proteinurll 

Consider the magnitude of proteinuria in relation 
to urine specific gr:lvit)'. for example 2+ protein
uria in a very dilute urine could ~ significant. 
Examine urinary sediment to rule out contamina
tion with blood or inflamm:uory exudate. 

If proteinuria is not associated with haematuria 
or an inflammatory exudate (i.e. an 3.ctive urin3.ry 
~diment), check Hrine prottin:Hrine creatinine 
ratio (UP:UC ratio) to quantify the extent of thc 
protein loss (ccntrifuge the urinc firs t). 

up.ue. Urine protdn concentration emg dl-'t 
. UriM crutinine concentration (mg dl-·)· 

COnYIrslon factors: 
Protein g I-I to mg dl-I (multiply x 100) 
Urine creatinine pmoll-l to rng dl-l (di\'ide by 
88.') 

The UP:UC ratio on a single sample corrcl3.tes 
well with the measured 24 hour urinary protein 

• excretIon. 

Intlrpntatlon 01 UP:UC ratios 
• A UP:UC ratio of <1.0 is normal for dogs 3.nd 

au; most dogs have a UP:UC ratio <0.5 
• If the UP:UC ratio is betwccn 1.0 and 5.0 

consider prcglomerular, mild glomcrular or 
postglomerular lesions (the lancr should be 
associated with an active sediment) 

• A UP:UC ratio between 5 and 13 usually 
indicates severe postglomerular proteinuria or 
glomeru lonephropath y 

• A UP:UC !':ltio >13 indicates severe glomeru
lonephropathy 

Urine glueD" 
The prcsence of a 3+ or 4+ reading for glucose on 
a dipstick when accompanied by an incrused 
plasma glucose concentration (~ below) is con
sistent with a diagnosis of diabetes mellitus. 
Affected animals may also tCSt positive for the 
presence of ketones. T!':lnsient glycosuria (1+ or 
occasionally 2+ readings) and hyperglycaemia 
may be seen in the urine of eau which arc ~vercly 
strcs.sed. for example during the blood sampling 
procedure. Primary renal glycosuria and Fancon. 

POLYDIPSIA AND POLYURIA I 77 

syndrome should be ruled out in an 3.nim3.1 th3.t 
has significant glycosuria but a nonnal plasma 
glueos€' concentration. 

Urln,ry 'rlct Inf.ctlon 

Evidence of urinary t!':let infection may be 
upccted with pyelonephritis and in most dogs 
with hypc!':ldrenoconicism and diabetes mellitus. 
Even if bacteria are not $Cen on microscopic 
examination a urin€' sample. preferably collected 
by eystocentesis, should be submitted for 
b3.cteriology if either of the last twO disorders is 
suspected. 

The interpremion of other abnormalities on 
urinalysis, for example the presence of bilirubin. 
and a more detailed discussion on the microscopic 
cumination of urine sediment 3. re included in 
Chapters 17 and 23, respectively. 

Urine specific gflrlly 

The specific gr:1Vity (SG) of urine depends on the 
molecular size and weight as well as the total 
number of solute mol~ules . An 3.pproximate rela
tionship exists between the SG and the total con
centration of urinary solute. Typical values for 
urine SG in the dog and cat are shown in Table 
9.3. On the basis of urine SG '" patient m"y be 
classified into one of four categories as follows: 

Hyponhcnuric range: SG UIOI-I.007, urine more 

Range of minim~1 
• concentrallon 

H),pcrsthcnurie 

dilutt th~n plulTU 
SG 1.008-1.012, UriM concen
Il'lIl ion equ;.!J llul of plumJ i.e. 
'fixed range' urine typical of 
end-JugI' renJI f~ilure 
SG 1.0U- 1.029; urine concen
tration i •• ubmuim~J 
SG >1.030; evidence of ade· 
qUle concentrating ~bility 

The production of large volumes of persistently 
dilute solute-frce urine with a SG less than 1.007 is 
suggestive of a deficiency of, or lack of respon
siveness to WH. It docs not. however. indicate 
abnormal tubub.r function or lack of functiona l 
nephrons since urine is aarucly diluted in the 
ascending limb of the loop of Henle. 

Urine osmol,1I1y 

Osmolality represents the concentration of 
osmotically active panicles in solution and is 
exprCSJed in mOsm kg-I. Osmolality is directly 
related 10 osmotic pressure and is not influenced 
by molecular weight or panicle size. Normal 

ad Q 
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Table 9.3 Urine specific gravity (5G), urine and plasma osmolality: normal values 

Dog 
C" 

Urine SG 
(lyplul values) 

1.015-1,045 
1.035-1.060 

Urine SG 
{extreme values} 

1.001-1 ,065 
1.001-1.080 

v;a lues for pluma ;and urine osmol;ality ;arc given 
in T:lble 9.). The me;asuremem of urine ;and 
plasma osmolalities is ;a more ;accur;ate method of 
assessing an anim;a{'s ability to concentrate urine 
in response to water deprivation (sec below for 
investigation of persistent hyposthenuria). 

• Routine haematological examination 
The following haematological findings may be of 
significance when investigating an animal with 
polydipsia and polyuria. 

NOII-regeneralive anaemia 
• Chronic renal failure 
• Chronic livcr disease 
• H ypoadrenocorticisn1; occuionally regenera

ti\'e if acute gastrointcstinal haemorrh;age. 

lncreaud PCV 
• Consider dehydr;ation especially if plasma 

concentrations of total plasma proteins ure;a, 
cre;atinine, sodium and chloride are also 
increased; dogs with cent r..1 diabetes insipidus 
are often sliglilly dehydrated. 

Neutrophilic leucocytosis 
• Closed-cervix pyometra; tOial and differential 

white blood cell coums m;ay be normal if cervix 
• 
IS open 

• Pyelonephritis 
• A neutrophilia, often accompanicd by 

lymphopenia and/or eosinopeni;a (stren 
haemogram), may be ;associated with hyper
adrenocorticism or OIher severe metabolic 
disorders such as diabetes mellitus 

Eosinophilia and lympbocytosis 
• Occasion31ly seen with hYP03drenocorticism 

• Complete biochemical screen 
A complete biochemic3l screen should include 
glucose, urea, creatinine, sodium. potassium, 
chloride. calcium. phosphate, alanine amino· 
transfense (ALl,), alkaline phosphatase (A LP), 
gammaglutamyl transferase (gamma-GT) and 
total plasm;a protein determinations. It pro-

Urine osmolality 
(mOsm kg-'J 

500-1400 
1250-2100 

Plasma osmolailly 
(mOsm klr' ) 

275-305 
275-305 

vides a cost·cffective means of identifying or 
ruling out many of the condi tions 3Ssoci3ted 
with polyu ri;a/polydipsia. especially some of 
{he more obscure electrolyte abnorm;alities 
such as the hyponatraemia and hyperkalaemi:a 
typic3l of hypoadrenocorticism, or the hyper
calcaemia which may be associated with malig
nancy. Hypoproteinaemia (hypo:albuminaemia) 
may occur with chronic liver disease and 
glomerulonephropathy. A blood sample for 
glucose determination should be collected in a 
tube containing fluoride/oxalate; storage in 
heparin may artificially lower the plasma glu
cose concentration. Biochemical abnorm3lities 
which may be of relevance in the investigation 
of polydipsia ;and polyuria are summarized in 
Table 9.4. 

• Radiography 

Lateral thoracic and abdomin:al radiographs 
should be examined for the following: 

• Evidence of hyperadrenocorticism (bronchiall 
tracheal calcification, hepatomegaly, caicifiu
tion along fascial planes or c3icinosis cutis, 
osteoporosis. occ:asionally mineralization of 
adrenal gland if neoplastic); 

• MicrOC;lrdia and hyperlucent lungfields 
(h ypoadrenocorticism); 

• Cardiomegaly ± signs of CHF (hyperthy· 
roidism); 

• Hepatomegaly (diabetes mellitus, hyper
adrenocorticism. hyperthyroidism and pri
m;ary liver disease) or sm3ll liver (cirrhosis/ 
fibrosis and portosystemic shunu)j 

• Kidneys which :.lTe sm:all (chronic interstiti:al 
nephritis) or large (glomcrulonephrop;tthy); 

• Enlarged, distended uterus (pyometra); 
• Skeletal osteoporosis (primary hyperpara

thyroidism or hyperadrenocorticism); 
• Hyperostosis of the skull with soft tissue 

swelling of the head, neck, limbs and oro· 
ph:aryngeal region (acromeg3Iy). 
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Table 9.4 Biochemical abnormalities and their possible ca.uses in the mvestigation of polydipsia and polyuria 

Blochemlcallbnormltity 

Increased urea, creatinUle !pllOspliate 

Increased liver enzymes (ALT. ALP and oamma·GT) 

Hyper(llycaemla 

Hypoglycaemia 

Electrolyte abllOrmatities 
Hyperca/Cdemia 

Hyper/Q/aemia and hypon~lraemi.a (With a SodlUml 

polassium rallo ohen less than 25:1) 

HYPl1milraemia/1Jyperchloraemla 
Hypo/I4l3emia 

HyperphosphaliJefl1la 

Hypoproteinaemla (hypoalbuminaemia) 

• Ultrasonography 

Ultrasonogrlphy ma}' be used to visullizl' the 
structure of the liver, kidneys. ad renal glands lnd 
uterus. 

• Additional diagnostic tests 

• The ACfH response test. low dose dexa
methasone suppression (LDDS) test lnd 

Poulble CIIIS81 

Rellat IIlsufliciency or reRal ""lure 
Prerellal azotaemia due to hypovolaemla (e (I hyjloadrenocortl' 
clsm) or severe dehydration; II the latter, sodium and chlor1de 
levels may also be increased. Low urea levels may occur with 
ctlronlc liver dIsease especially poftosystemlc shunts. 

Primary liver diSease (NS liver enzymes may be IIOrmal with 
chronic liver disorders such as Clrmosls) 
HyperadrenocortICism 
Diabetes mellitus 
Hyperthyroidism 
Acromegaly 

Diabetes meltltus 
HyperadrenocortICIsm 
Acromegaly 
Stress/excitement In the cat 

Mild hypoglycaemia occurs occasionally With Irver dISease. 
espetially hepatic neoplasia. and hypoadr!flocorticism 

Pnmary hypt!rparalltyroidrsm 
Maligna~ (especially IympholNl) 
Vitamin 0 toxicity 
Hypoadrenocortlcism (usually mild hypercalcaemia) 

tdiopathic hypoparathyrOidism 
Occaslonally thyroid tarCloomas 

HypoadrenocOf"lIcism 

Severe dehydration 

ExcesSive loss via the oastrointestinal or urirwy IraclS 

ChrOflic renallnsufliclency or renallalture 
Hypoparathyroidism (increased phosphate may be associated 
with hypocalcaemia) 
Occasionally acromegaly 

Chronic liVer dIsease 
Glomerulonephlopathy 

urinlr)' cortisol:creatinine ralio arc screening 
{('S IS for hyperadrenocorticism. The ACfH 
and LDDS teslS arc dynamic tl'Sts which e\'alu
lIe the pituillry-adrenal :lXi5. 

• An oral TJ suppression tcst or intravenous 
thyroid stimulating homlone response may be 
used to e\'aluate thyroid function in calS with 
suspeCted hyperthyroidism but which have 
equivocal T4 results . 

• Wllter depri\'ltion and ADH response tests are 
indicated fo r the investigation of persistent 
hyposthenuria (see below). 
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I
invostigation of Iho 
polyurlc/polydipslc animal with 
persistent hyposthenuria 

Persistent hyposthenuria may be caused b}': 

• A complete or panial deficienc}' of AD H (cen
ml d iabetes insipidus). A partial deficiency of 
ADH may resuh in the production of urine 
within the isosthenuric range. 

• Disorders affecting the disul tubules and col
lecting ducts which interfere with the action of 
ADH (nephrogenic diabetes insipidus). 

• Excessive water intake, e.g. primar}' polydipsia. 
Dogs with psychogenic polydipsia tend to be 
overhydr:ued and have a relative deficienc}' of 
AD H. 

Tile aims of the diagnostic tests are twofold. First, 
an anempt must be made to differentiate primary 
polydipsia from d iabetes insipidus, and secondly 
if diabetes insipidus is diagnosed the central form 
should be differentiated from the nephrogenic 
form since the prognosis and m:tnagcment for 
each is quite different. 

The investigation of persistent hyposthenuria 
invoh'es an assessment of an animal 's ability to 
concentrate urine in response [0 water depriva
tion and after the administration of exogenous 
vilSopressin (ADH ). 

Water deprivation test 

The protocol for the standard water deprivation 
lest is as follows: 

I. Fast animal for 12 h 
2. Catheterize and empty bladder 
3. C heck urine specific gravity 
4. Record body weight 
5. If possible record urine and plasma osmolality. 

p:lcked cell volume, total plasma proteins and 
plasma urea 

6. Withhold all water 
7. Catheterize bladder and record parameters 3, .f 

and 5 every one or two hours. 

The ICSt is d iscontinued when the animal has lost 
5% of its body weight or if the urine SG exceeds 
1.030. Values between 1.010 and 1.030 are equivo
cal and indicate submaximal concentration. 
Equivocal results may be obtained in animals with 
a partial deficiency of ADH o r when poly
dipsia resuhs in renal medullary washout. A 
urine:plasma osmolality ratio less than I and 
failure to concemrate above 1.010 is highly 
suggestive of diabetes insipidus. 

ModiUed or partial water depr/fallon test 

The modifi ed water deprivation test is indicated 
when the results of the S!andard water depriution 
test o r ADH response test are equivocal and renal 
medu llary wuhoUl is suspected. The modified 
water depri,'alion test restores medu llary hyper
tonicity and may therefore help differentiate pri
mary polydipsia associated with renal medulb.ry 
wuhout from diabetes insipidus but will not dif
feren tiate between the central and nephrogenic 
forms of diabetes insipidus. Water intake is 
reduced gradually (5-10% daily) over a period of 
three days. Daily water imake should not exceed 
100 ml kg-I . H ydration statu5 and urine SG arc 
monitored daily. Fai lure to conuntrate urine 
above the SG "alues pre\' iously obtai ned suggests 
that renal medu llary washout is not a fac tor in the 
animal's ability to concentrate urine. 

Both fo rms of water deprivatio n ( tt l are con
fuindicated in animals which are azotaemic. 
hyperealcaemic or dehydr:ued. 

RBsponse to exollenous AOH 

An ADH response test is indicated if an animal 
fails to coneentr:ue its urine in response to water 
deprivation. Used on its own a positive response 
to exogenously administered ADH does nOI con
finn a diagnosis of cen{ral d iabetes insipidus since 
normal dogs and dogs with other polyuric condi
lions (e.g. dOg$ with hypcradrcnocortieism) with 
appropri;lIe levels o f ADH will respond to ADH. 
A positive response 10 AD H is not significant 
unless it has been demonstrated that the animal . .. 
cannot concentrate Its unne 10 response to water 
deprivation. ADH may be administered immedi
ately after a water deprivation test. The animal 
may be fed beforehand and offered small amounts 
of water before starting the test. Large amounts o f 
water given ei ther during or immediately after the 
test may resuh in signs of water intoxication. The 
protocol for the ADH response test is;as follows; 

1. Catheterize :lnd empty Ihe bladder; check 
urine SG 

2. Inject vasopressi n (DDAVP. Ferring) intra
muscularly. Dose; 1.0 flg fo r small dogs <1 5 kg 
(and cau); 4.0 flg for dogs >15 kg. 

3. Catheterize and check urine SG at 30 min 
intervals for 2 hours. 

A positive response to ADH (urine SG >1.025 or 
in most cases 1.0]0) is consistent with a diagnosis 
o f central diabetes insipidus. Failure to concen~ 
trate urine above SG 1.010 and a urine:plasma 
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osmolality ratio <l suggem the nephrogenic form 
of diabetes insidipus. Equivocal results, i.e. SG 
values <1.025, may be due to the ef(<<ts of renal 
medullary washout and such cases may show a 
more convinci ng response if ADH is adminis
tered o n tWO or three cons«utive days. 

Hlckey-HBfB test 

The development of CNS signs due to sodium 
overload is a potential hazard which has restricted 
extensive usc of this tCSt which involves the 
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administration of an intravenous bolus of hyper
tonic saline. The protocol is as follows: 

I. Give 20 m1 kg- ' of water by stomach lUbe 
2. Catheterize and empty bladder 
3. Infuse 2.5% sodium chloride intravenously at a 

rate of 2.5 ml kg-' min" over 45 min 
4. Measure urine volume, SG and osmolality 

every 15 min after the start of the infusion. In 
normal dogs' urine volume progressively 
d«reases as the SG and osmolality increase. 
Failure to do 50 is suggestive of central or 
nephroge.nic diabetes insipidus. 

Avtorsko zas!!: !e'lO gradivo 



10 
• 

Persistent Nasal Discharge 
J. P. Bray 

I INTRODUCTION 

A naS:l1 discharge and sneezing are the two 
classical signs of upper respiratory tract disc:ue. 
However, with more chronic disease, the inten
si ty or frequenc y of sneezing may become 
reduced. as this reflex becomes ohtundcd. It is 
therefore more typical for animals to present for 
investigation of:1 persisllmt n:lS:li discharge. 

Many nasal diseases prescnt with an identical 
dinical picture, and the presence of a discharge 
may provide little immedi;lU~ clue (0 the under· 
lying disease process. Careful history uking, 
physical cXJ.mimuion and dilgnostic cva.lu;uion 
;arc n«cnary to elucidate the aetiology. Some dis
C:lS(,S have recognizable ' foot·prints' and a 
methodical clinician will usually be rewarded for 
his or her investigation. 

I NASAL ANATOMY AND PHYSIOLOGY 

The nose of the dog and cat is a bi-chambered cav
ity that functions to (1) warm and humidify the 
inspired air, and (2) entrap and eliminate small air4 
borne particles. The nose functions so efficiently 
as a heat4exchanger that dogs can exhale air 
16.5°C below body temper.nure, SOlving 75% of 
the water and 80% of the heat in dry ai r at o°c. 
The nose also contains an extensive olfactory 
mucous membn.nc which is located in the 
caudodorsal area of each fossa. 

The nose of the dog and cat is evenly divided by 
a centnl wall, the nasal septum. Each half, or 
fossa, provides a separate passageway for air 
between the nostrils and the openings into the 
nasopharynx. The fossae are almost fill ed with 
conchae, scrolls of bone and cartilage ,hat projttt 
medially from the sides and roof. The conchae arc 
richly vascular and arc lined with glandular 
mucosal epithelium . There arc three sepante con4 

chac in the dog and cat - dorsal, middle and ven4 

tral. Their size and formation is more varied in the 

dog, but remarbbly uniform in the cat. The ven
tral concha is the most complex and occupies the 
rostral and ventral quarter o f the nasal fossa . The 
dorsal surface o f the ventral concha is thrown into 
numerous (>30) folds of varying complexity. The 
remaining conchae are ethmoturbinates and have 
a more simplistic arrangement. The conchae fill 
the nasal fossa so tightly that air4flow is restrictC'd 
to three narrow channels between the chonchal 
folds - the dorsal, middle and ventral meatus. 
Even s light inflammation of the turbinates or 
accumulation of discharge within the airway can 
obstruct air4flow. 

The nose is the first line of defence for the res4 
piratory system against airborne panicles and 
inspired antigens. Nasal secretions from mucus4 

producing cells in the epithelium, submucosal 
and nasal glands entrap small particles as air 
moves over the conchal folds. Immunoglobulins 
(IgA), complement, opsonin proteins and other 
immunologic.al factors in the sttretions recognize 
:md deactivate antigens .and, following stimul.a4 

tion, can initiate an inflammatory response. The 
conchae are lined with pseudosttatified ciliated 
columnar epitheli um which creates a mucociliary 
blanket that sweeps the secretio ns in a caudal 
direction at a ra te of about 6 mm min4'. Once in 
the nasopharynx, the secretions can be swallowed. 
The development o f a discharge from the nostrils 
of a dog or cat implies that the capacity of this 
mucociliary apparatus has been exceeded either 
due to obstruction of the clearance pathway (e.g. 
neoplasia, inflammation) or increased production 
of mucus or inflammatory exudate. 

Sneezing is also an impon ant component of the 
respiratory defence mtthanism, producing an 
explosive rush of air through the nose to dislodge: 
and expel foreign material, mucus and debris. 
Sneezing is a refl ex which is ini tiated following 
stimulation of subepithelial receptors. These 
rtteptors can be activated by a number of 
mtthanical, inflammatory, chemical o r infttlious 
causes. RNJcne mcezillg is an important 
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condition to recognize becaus~ its occurr~nc~ can 
promote anxious calls from owners who consider 
th~ir :mimal to be either suffocating or h:aving :a 
fil. Reverse sneezing is caused by spasms of the 
nasoph:arynx and is typified by violent, paro~s
m:ll inspiratory effortS. Reverse sneezing :accu
ntely localizes the site of irritation to the 
n:asopharynx and diagnostic inv~stigation should 
therefore focus more specifically on this region. 

The role o f the frontal and th~ maxillary 
paran:asal sinuses of dog :and Cal is obscure. The 
frontal sinus is the biggest and is 5~par:ated in two 
by :a median septum. In the dog. ~ach half is fur
mer divided into three separ:at~ cavities (rostral, 
medial and lateral) which open individu:ally into 
the nasal fossOl. The sinuses are lined with ciliated 
epithelium and mucus secreting cdls. and m:ty be 
primuily or secondarily involved in :t discase 
process of the upp~r respiratory tract. 

PERSISTENT 

I§~I HISTORY CHECKLIST 

a AgI , III, bnted? 
Congenital conditions (e.g. deft palate. n;1soph;1-
ryng~al polyps) :lre mo re likely to contribute to 
nU:l1 disease in the young « 1 year old) :lnimal. 
Conversdy, nu.a1 tumours occur more com
monly in th~ older OInimal (me:tn :lge 9-10 ye:ars). 
Geriatric animals are also more likely to suffer 
from d~ntal conditions which an be the cause of 
signifiant nanl dis~ase. NU:ll aspergillosis is secn 
more commonly in th~ young adult with 77% of 
eases occurring in :lnimals leu than eight y~us 
of age. 

Few breed-specific n;lul diseases arc recog
nized. However. the conform:uion:tl disruption of 
the upp~r airway in brachyceph:llic dogs can con
tribute to noisy, stertorous bre:tthing. Nasal 
aspergillosis is limited almost exclusively to 
th~ long-nosed (doliocephalic. mesuicephalic) 
breeds. 

An increased incidence of dis~:ase in male ani
mals hu been recognized in c~rtain conditions 
(e.g. nasal aspergillosis. feline n:as:ll tumours). 

a Onlll of sluRS? 
The time of onset of nu:tlsigns may provide some 
clu~s to the underlying aetiology. Nasal foreign 
bodies :are often a55oci:tted with :tn acute ons~t of 
violent :tnd persistent sneezing which ev~ntu :t lly 
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acquiesces to ~ repl:lCed by a thick, purulent dis
charge. In contra5l. nasal upergillosis. ncopl:lsi:a 
and dental dise:ase may have a mo re insidious 
onset of signs, and :tre associ:lted with infrcqu~nt 
sneezing. Intcrmilt~nt nasal signs associated with 
allergic conditions may occur :lft~r c:xposure to 
the appropri:tte environment:ll conditions, plants 
or chl.'mic:al ag~nts. 

a Nalure 01 dlschaflle? 
Cert2.in historical features of the disch:ltg~ :lre 
impomnt to identify. The type of discharge 
(serous, mucoid, purul~nt. bloody, cont:aining 
pl2.nt o r food mat~ri:tl) and previous response to 
treatment should be d~t~rmined. Did the d is
chOlrge begin unilaterally o r bilaterally? Animals 
m:ly clear sm.a1l qu:tntities of disch:trge from their 
noses by constant licking o r frequent swallowing, 
:and th~ owner may not :tppreci:ttc 2.n overt nas:ll 
disch:trge. Occuionally, however. hyperaemi;1 or 
moist pyoderm:t of the upper lip m:ly provid~ evi
dence of this cleaning beh:tviour. In cats, soiling of 
the dorsum of th~ paws and :antebrachium may 
indicate increased grooming of the face. 

Naul obstrue1ion? 
Owners may be aware of nasal obstruction ei ther 
du~ to :tn increas~ in mouth bre.uhing by their 
animal or the development of unusual sounds 
during respiration. Physical :lirway obstruction 
c:tused by lurbin:tte swelling, d ischarge. neoplasia, 
foreign body or polyp can produce a high-pitched 
wheeze as :air flows through a narrowed pauage. 
Affected :lnim:tls m:ty also h:av~ reduced exercise 
tol~nnee. If n:asal obstruction is severe. :tnim:t!s 
m",y ~ rductant to e:a.t as they are un:tble to 
breOlthe simultaneous!)' through th~i r nose. 
Anorexia may also occur due to reduced o lfaction 
or severe dental disease. 

1",1 PHYSICAL EXAMINATION 

A complete physic",1 u:lmination should be com
pleted in all animals before focusing specific :anen
tion on the skull, oral cavity and upper respintory 
tTact. Although there are f~w systemic manifesta
tions of nu.a1 diseue. alt~ntion should ~ made of 
th~ general body condition :tnd mcnt:tl StOlruS of th~ 
:anim",l, presence of other ncoplu tic processes 
which may have met:tstasized to the nose, and evi
denc~ of other allergic r~actions (e.g. interdigital 
hypcraemi:l, otitis externa). Dogs with nas:ll 
aspergillosis are often dull, withdrawn or depressed 
:lnd may hold their head low when sitting. 
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a Facial symmelry? 
Palp:nion and visual cvalu:uion o f the skull should 
be performed 10 identify the presence of any facial 
swelling, pain or distortion. Facial distortio n is 
more commonly associated with neoplasia and 
soft fluctuant masses may be palpable if a tumour 
has eroded thro ugh the nasal or fronul bones. 
Retrobulbar extension of a nasal tumour may 
cause exophthalmus which may be appreci:able o n 
direct observation o r with light digital pressure on 
the globe. Blepharospasm may be seen in associa
tion with par.J.nasal extension o f aspergillosis. 
Aspergillosis can also cause pain over the face, 
particularly o n palpation of the frontal sinuses. 
Atrophy of the tempo r:ai muscles is also a featu re 
of this disease. The nostrils should also be 
assessed for symmetry, obstruction or distortion. 
Neoplastic erosion of the nares (e.g. by :l squa~ 
mous cell carcinoma) m:ly C:luse epistaxis and 
sneezing, but may be difficuh to detect without 
careful inspection. Feline cryptococcus infection 
may cause a fungal gr:lnuloma of the nares with 
significant distortion of the nasal cartilages. 
Depigmentation or ulceration of one or both nos
tri ls is almost pathognomonic for aspergillosis. 

a Nasal ohslruc:tlon? 
Air-flow through both nostrils can be assessed by 
placing a few strands of conon-wool in front of 
each nostril. Movement o f the cotton sho uld be 
observcq ~~ring both inspiration and expiration 
from both nostrils. The ::Iuthor prefers 10 assess 
ai r-flow by gently o bstructing each nostril with a 
I~umb. Both nost ri ls arc assessed independentlY 
y.rilh Ihe mouth closed. The normal :anim:al shou!p 
be aqle to breath witho ut distress through the 
other. p:atent, nostril. Any incre3Se in noise or 
respir:nory embarrassment during occlusion 
l ocali~!=s disease to that side of the nose. 

o Oral examlnallon , . 
Dent::ll patho logy is eomntonly overlooked dur
ing the investigation of nasal dise3Se but can be :l 
significant cause o f chronic irritation. Anention 
should be given to both the hard and soft palates 
fo r signs of congcnitallesions or tumour cxten~ 
sion/ invasion. The dent ::l l arcade should be eXant
ined closely for evidence of dental or periodontal 
disease. 

o Regiona l lymph nodes 
Chronic diSC':lse of the na5:l.1 chamber may cause ::I 
regional lymphadenopathy due to :antigenic stim
ul:a tion. Although few nas:al tumours h:ave distant 
metastases, fi ne needle aspiration :and cytological 

investigation of eniJrged nodes should be per
formed. 

I FURTHER INVESTIGATION 

• Clinical palhologV 

Synemic m:anifestations of nasal disease :are 
infrequent and evaluation of haematological and 
biochemical paranteters rarely contributes to 
identification o f the underlying aetiology. 
However, for the investigation of epistaxis, a 
complete hacmatologieal profile (for assessment 
o f anaemi:l and evaluation of platelet numbers) 
and co:agul:ation panel (includ ing von WilIe
brand's factor) is essential. In the cat, serological 
testing for feline leukaemia and feline immunode
ficiency virus infections sho uld be performed. 
Serological testing for aspergillosis can be per
formed using agar gel double diffusion, counter
immunoelectrophoresis :and cnzyme~[inked 
immunosorbcnt :assay techniques. Although all 
techniques arc useful , test sensitivi ty varies and 
both fa J se~posi tive and false -negative results can 
occur. Complete reliance on a serologic:al result 
for diagnosis of nasal aspergillosis should there
fore be resisted. 

• Diagnosllc Imag ing 

Radiography is one of the more common tech
niques for :assessing the upper airway. However, 
due to the fine features of some of the anatomical 
structures, :and the potential for o bscured detail 
by numerous overlying uructures, careful 
positioning and qualit ), processing is essential. 
General anaesthesia is required for optimal 
patient positioning. At le:ast three views are rec
ommended - lateral skull, do rsoventr:al intra-oral 
:and :a rostrocaudal horizonul view for ev:duation 
of the front:al sinuses. If dental disease is sus
pected, oblique \'iews of the maxilla will highlight 
the apices of the tooth roolS. T he intra-oral view 
is the best for evaluating the nasal cavity and the 
use of non-screen fi lm will incre:ase resolution of 
fine turbinate detail in this area. The natural sym
metry of the nose c:an be utilized to assess changes 
in turbinate detail and density between each nasal 
cavity. Destructive ch:anges of the turbinates :and 
nasal septum :are more lypic:ally associated with 
ei ther aspergillosis or neoplasi:a. Although neo
pl:asia is more likely to c:ause erosion of the nasal 
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or facial bones, aspergillosis infection may also 
cause an osteomyelitis and ~riosteal reaction of 
the facial bones. An increase in soft tissu ... density 
within the m.saJ chambers may be associated with 
neoplasia, a polypoid growth o r accumulation of 
discharge. Aspergillosis typically causes a reduc
tion in d ... nsi ty and, in severe cases, the nasal 
chamber can app ... ar almost empty. However, th ... 
pro fuse discharge which occurs with fun gal infec
tion will increase radiodensity in focal ar ... as of the 
nose and careful interpretation is necessary. 

Computed tomography has particular value in 
th ... investigation of nasal disease as it provides 
high resolutio n, cross-sectional slices through the 
nos .... Turbinate detail, frontal sinus involvement, 
and the degree of extranasal extension of tumour 
en all be accurately assessed, which greatly 
improves d iagnostic success rate. These facilities 
are increasingly available to the general practi
tioner at regional centres. 

• Rhinoscopy 

Visual evaluation of each nasal ch3mber is one of 
the most valuable aspects of nasal invC5tig3tion 
and should be ~rformed in every case. Both ante
rior and posterior (retrograde) rhinoscopy should 
be completed. Although the use of a si mple Oto
scope has been described for anterior rhinoscopy. 
this equipment only ~rmits cx3min3tion of the 
rostral few centimetres beyond the narcs. Rarely 
is this investigation rewarding and, as a conse
quence, reliance on this technique m3y frustr3te 
the clinician into considering rhinoscopy 3 
'worthless' procedure. Examination with 3 rigid 
2] or 3.0 mm arthroscope permits a thorough 
inspection of all structures within e3ch nasal fossa. 
With experience. the operator shou ld be able [0 

navigate the scope along the dorsal, middle and 
ventral meati and thereby enmine completely all 
regions of the nose. Thc middle meatus is of 
greatest interest and navigation into the caudal 
aspect permits evaluation of the ventral conchae 
and ethmoturbinates. 

One of the more frustrating elements of 
rhinoscopy is obstruction of the visual field by 
blood or discharge. This complication can be 
resolved simply by constantly flushing the nose 
with a saline d rip during the examination. Saline 
can be administered either via a purpose-built 
arthroscopic c:mnula which surrounds the rigid 
arthroscope, or by placing a Foley catheter 
around the back of the soft palate and flushing 
towards the scope. The pharynx must be carefully 
packed and a cuffed endotracheal tube must be in 
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place to prevent aspiration during a fl ushed 
rhinoscopic examination. 

Retrograde rhinoscopy permits enluation of 
the nasopharynx and choanal region. Although 
examination of this area should ideally be per
formed in every case of nasal discharge, it is 
absolutely essential if the animal is reponed to 
have 'reverse sneez.ing' 3.S a clinical fea ture of its 
diseas .... Although a dental mirror C3.n provide 
some visualization o f this ar ... a (particularly if the 
50ft palate is retracted with a spay hook), the beSt 
inspection is afforded by retrofl exing a small 
fl exible endoscope over the soft palate. 

• Cullur. 
The increased financial cOSt involved in identify
ing the type and antibiotic sensitivity of asuspectcd 
pathogen is usually unrewarding in terms of pro
viding curali ve treatment for most nasal discharges. 
True primary bacterial rhinitis and sinusitis arc rare 
in the dog and cat. Secondary bacterial infection 
will, however, develop with any nanl disease 
regard less of the underlying aetiology (e.g. neo
plasia, aspergillosis, foreign body, allergy). 
Bacteriological results from swabs obtained from 
the upper airway should therefore be interpreted 
with care, regardless of col1ection technique. 
Positive fungal cultures can be obtained from 
normal noses and this finding is therefore of littlc 
\·alue in the diagnosis of aspergillosis. 

• Nasaillush 

Cytological examination of fluid collected during 
vigorous flushing of the nasal ca\·iry with saline 
may occasionally provide additional clues to the 
underlying aetiology, parricul3rly if n ... oplasia is 
suspected. Unfortunately, the diagnostic yield 
with this technique is low. Occasionally, larger 
pieces of tissue may be dislodged during the flush 
ing procedure which can be investigated histo
logically. In recent years, attention has focused on 
immunoglobulin assay of the nasal wash solution 
to provide a definitive diagnosis for allergic rhini
tis. This work is mirroring advances in the human 
field and may hold some promise for investigation 
of this troublesome condition. 

• Histopathology 

Histological inspection of biopsies from turbinate 
tissue or suspected tumour is often essential in 
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o rder to establish a definitive diagnosis. 
Unforlun:l.le1y, one of the remaining frustrations 
of naul investigations is the inability to obtain 
biopsy samples accurately and consistently from a 
specific area of interen. Although samples of nasal 
tissue can be obtained by all igator fo rceps, 
clamshell biopsy forceps or plastic catheters, these 
techniques must be performed blindly and umple 
collection is therefore random. Retrieval of non
diagnostic specimens is therefore a frustration, 
particularly if the pathology is focal. In addition, 
the~ techniques arc very traumatic and may be 
associated with significant haemorrhage. Newer 
anhroscopes enable biopsy forceps to be attached 
to their front, which offers the pOlential for visu
ally guided biopsies. In some cases, however, this 
addition makes the unit more bulky and therefore 
more difficult to navigate through the nose. 

• Elploratory rhlnotomy 

Very few diseases are considered to benefit 
from complete IUrbinectomy and the indications 

for rhinotomy arc now limited. Occasionally, 
however, less invasive diagnostic investigations 
may be thwaned by the enclosed and tightly 
packed arrangement of the nose. Exploratory 
surgery is then indicated to obtain ddlnilive 
biopsy umples o r to retrieve foreign material. 
The nasal cavity may be approached from cither 
the dorsal or ventral roure. The ventral route is 
considered to provide satisf:lctory access to all 
regions of the nasal cavity and nasopharynx, 
with superior eosmetic results. Rhinotomy is 
invasive and can be associated with considerable 
haemorrhage. Complications are minimized by 
swiftness, and by packing off areas of the nose 
during exploration to control blood loss. The 
nose can be packed prior to closure, with pack
ing materia.l removed. via the nostril after 
surgery. Postoperative complications include 
haemorrhage, subcuta.neous emphysema and 
dyspnoea. Confining the exploration to one side 
of the nasal cavity will rccluce the incidence of 
complications associated with postoperative 
nasal obstruction. 
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Dyspnoea 
L. G. King 

The u~rm 'dyspn~a' refers to a sensation of 
breathlessness and is clinically recognizable as 
respiratory distress. Dyspn~a is a challenging 
emergency situation that ft'quires a careful and 
logical approach. 

I PATHOPHYSIOLOGY 

• Venilialion 

Respiration is controlled by chemoreceptors near 
the respin.tory centres of the medulla oblongala. 
Impulses from the brain stem are transmitted 
through the spinal cord [0 the phrenic and inter
costal nerves. Contraction of the diaphragm 
causes it to flatten and displace the abdominal 
contents caudally, whereas contnction of the 
intercosuls lifts and spreads the ribs. The negative 
pressure exened by the potential space between 
the pleun is transmitted to the lungs. resulting in 
their expansion during inspiration. Movement o f 
air into the chest (ventilation) may be impeded by 
a variety of disorders (fable 11.1 ). 

Minute ventilation is defined as the product of 
the number of breaths per minute and the tidal vol· 
ume. There is an inverse linear relationship between 
the partial pressure of plasma carbon dioxide 
(PaCoJ ) . and the minute ventilation. I n other words. 
the more air moved in and out of the lungs each 
minute, the lower the P;l.COr Because COJ is such 
a highly diffusible gas, clinical eh;l.nges in P;l.C0 1 arc 
almost always related to the minute ventibtion 
rather than to the presence of pulmonary abnor
malities that might affect gas exchange . 

Brainstem control usually results in the 
mainten;l.nce of normal Paco

l
; any increase in 

Pacol results in increased respiratory drive. 
Hypovemilation results in hypoxia due to 
decreased delivery o f air to the alveoli. Animals 
with a disease that is causing hypo ventilation h;l.ve 
clinical signs of respirato ry distress bec3usc the 
combination of high Pacol and hypoxia causes 
dramatically increased respi ratory drive. 

• Gas 81change 
Once air has been moved into the lungs. gas 
exchange occurs by diffusion. In the normal 

l l bl,11 .1 Common causes of respiratory distress due to hypoventilalion and increased ~C02 In dogs and cats 

• Anaesthesia 
• Bralnstem disease 
• Spir-.al cord compression or disease above Ihe IMI of C3 
• Lower motor neurone paralysis olille pllrenic or intercostal flelVeS 

• Neuromuscular junction disorders such as myasthenia gravis 
• Myopatllies anecting tile dlapllragm or omer respiratory mUSCles 
• Orthopaedic injury 10 IIIe ribcage or slernum including flail Chesl 
• Tension pneumothorax 
• Pleural effusion 
• Oiapllrctgmallc hernia or other space·occupylng etlrapulmonary lesion 
• Upper airway obstrucbon such as laryngeal paralysis or brachycephalic airway syndrome 
• MetabolIC alkalosis (mild compensatory hypovenlitatlon) 
• End·stage luno disease 
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:mimal, the l;uge surface arc;a for COnl2Ct brlWttn 

the alveoli and capilhry blood results in:l minimal 
bOlrricr for diffu5ion of oxygen. In the presence of 
serious lung disus .... diffusion of oxygen across 
the ,,1\'co13r walls may be limited by thickening of 
the alycolar membrane, oedema or inflammation. 

For norm3.1 gas exchange to occur, vcnt il:ltion 
(delivery of oxygen) and perfusion (flow of 
blood through capillaries) must be matched :\1 

c;J,ch ;11\'«Ilu5. Ventilation/perfusion mism:llch is 
the most common cause of hypoxi;!. in the c1ini
u l patient. If bronchi arc obstructed or if al\'e
oli :trl." atelectatic or fillw. with fluid. :air cannot 
enter th.lt put of the lung. The dcoxygcn:l.lcd 
blood that perfuses the' undcrvcntil;Hed arc:!. 
mixes with ol(ygcnatcd blood from the normal 
areas of the lung, resulting in a decrease in arte
rial oxygen (P;t0z)' The most extreme form of 
ventilation/perfusion mismatch, called 'shunt
ing', occu rs when large volumes of blood com
pletely bypass the lungs and dwxygenated 
haemoglobin is retumed to the systemic circula
tion. Common causes of hypoxia arc listed in 
T ;tble 11 .2. 

If lung disease is so severe that profound 
uteri;tl hypoxia rcsuils, stimulation of cells in the 
cuolid ;tnd ;tonic bodies may trigg(r;tn increast.-d 
respif3tory ({fon. In the presence of severe lung 
disease, therefore, con((ol by PaCO m;ty be 
over-ridden by IIlC presence of profou na hypoxi;t. 
Tlms, hypen'entilation and decreased Paco 1 arc 
common in dogs and cal.S with 5cvc-rc pulmonoary 
disc;asc. 

• Oxygen transport 
Once oxygen has diffused into the plasma, it 
binds to h;temoglobin for delivery (0 the tissues. 
The relationship between the amount of oxygen 
dissolved in plasm;t (Pao

l
) and the saturation of 

the haemoglobin with oxygen (530 :) is defined by 
a sigmoid curve (Fig. 11 .1). The plateau of the 
curvc allows a consider3ble margin for decrease in 
P30: before des3tur3tion occurs. Mild to moder
atc lung disease, which results in minor decreases 
in Pa0

1
• may not be associated with deSltuf;l,tion 

as long as P30. remains greatcr th3n 60 mmHg. 
Thus, oxygen Jeli,'ery to the tissues remains ade
quate at rest and the mucous m(mbranes still 
appear pink. Once the lung disuse has progressed 
to a PaO lower than 60 mmHg, minor worsening 
of lung disease or m3nipul:u ion of the :mimal m;ty 
result ill significant decre.ue$ in h;temoglobin 

• 
~~ ··1I·3uon . 

I CLINICAL RECOGNITION OF 
OYSPNOEA 

Progrcssive respiratory dysfu nction resulu in 
defective g3S exchange and increased work of 
breathing, Norm31 respir3tion is characterized by 
almost imperceptible concurrent excursion of the 
chest and abdominal walls. As respiratory drivc 
increases, there i5 increased recruitment of the 
secondary muscles of respiration. C linically. this 
(esulu in an increased rate and depth of respira. 
tion, the UK of abdominal waU muscles and 
poslunl :ad:aptations that minimize rcsist:ance to 
air fl ow (fable 11.3). 

Increued work of breathing m2ly eventually 
result in fatigue of respiratory muscles and the 
developnlent of p3radoxical respiration, which 
signals imminent respiratory fa ilure. Paradoxical 
respiration is recognized by loss of the synchro
nous movement of the thoracic and abdomin31 
walls; observation of the animal reveals thlll du r
ing inspiration the thoracic wall expands but the 
caudal ribcage and the abdominal walls collapsc 
inwards. This paradoxiC:l1 movement oppOSts the 
nonnal expansion of the lungs and signifi es severe 
respintory dysfunction. 
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Figure 11.1 O)(ygen haemoglobin dissociation curve 
(SOlid line). Once the Pao, is greater than 60 mmHg, 
haemoglobin Is saturated with oxygen and the mucous 
membranes of the animal appear pink, Due to the slg· 
mold shape of the curve, rapid desaturation occurs at 
Pa0t values less than 60 mmHg. (Reproduced with per· 
mission from West JB (1985) Respiratory Physlology
The EssenUals, 3rd edn. Williams and Wilkins, 
Baltimore) . 
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Table 11 .2 Common causes of respiratory distress due to gas e)(change abnormalities and hypo)(ia in dogs and cats 

Pneumonia: bacterial, viral, fungal, protozoal 
Neoplasia: primary or metastatic 
Ca«liogenic pulmonary oedema 
Haemoff~e due to trauma or coagulopathy 
Vasculitis: non-cardiogenic pulmonary oedema and acule respiratory distress syndrome 
Atelectasis 
Inllammatory lung disease such as pUlmOMIY IIllillrate With eosmophils or lymphomatoid granulomatOSIs 
Thromboembolic disease 
Airway obstructiOn and abSOrption atelectasis 
Chronic bronchitis and bronchiectasis 
Bronchial smooth muscle spasm (cats only) 
Emphysema 
Alohllo lett shunt, for example reverse patent ductus ar1eriosus 
Hypoyenliialion 
lung lobe lorslon 

Table 11 .3 Postural adaptations that minimize resis
tance to air flow in dyspnoeic animals 

Nasal flare 
Open·mouthed brealhiOQ 
lifting and e)(tending head alld neck 
Slanding, sintng or tying In stemal recumbency 
Abduction 01 elbows 

I INVESTIGATION OF DYSPNOEA 

O nce dyspnoea is recognized clinically, the clini
cian must make rapid decisions regarding clinical 
management. In animals who may not tolerate 
manipulation, these decisions :1re often based 
solely on a truncated physical examination and 
brief history. 

I§~I HISTORY CHECKLIST 

a AgI , breed, IIX? 
Young animals may suffer from congenital 
anom:1lies such :1S pectus eXC:l.vatum or brom;:ho
oesophageal fistula, whereas older animals arc 
more prone to neoplastic lung dise:1se or hean 
fail ure. 

a Previous prevlntativl medicine? 
Vaccination status may be imponant to rule out 
dis temper vi rus infection. He:1rtworm sums (pre
vious te5ting or usc of heartworm prophylaxis) 
should be d etermined in .areas where dirofi lariasis 
is endemic, 

a Duration of signs? 
Chronic respiratory signs such as snoring in 
English bulldogs with brachy<:ephalic airw;!.y d is
ease, o r coughing in a Yorkshire terrier with a col
i:1psing trachea, may pro\'idc supponive evidence 
that the current episode of dyspnoea is an e$<:ala
tion of a chronic disorder. Caution should be 
exercised in interpretation of apparently acute 
disorders. Many pet owners do not recognize the 
early dinical signs of respiratory distress, or inter
pret them as 'normal' for that p:1rticul;!.r :1nima1. 
Some animals, su<:h as <:alS, may lead a sedentary 
lifestyle and may not manifest problems until 
their disease becomes so severe that they decom
pensate. 

a Incillng Incidents, toxic exposures, or previous 
Illness? 

Diagnosis of the cause of respi ratory d istress 
may be easy when the owner rushes in an 
animal who has JUSt been hi t by a car. In t:On
lIaSt, careful questioning may be necessary to 
elicit a history of exposure to toxins such as 
anticoagu lant rodenti<:ides or paraquat. A 
history of recent illness may provide clues that 
the animal has developed aspirat ion pneumo
ni;!. or pulmon;!.ry manifes tations of a systemic 
d isorder. 

o Respiratory ligns in other animals? 

o Previous therapy and response? 
In panicular, knowledge of :1ny response to 
previous antibiotic, diuretic or conicosteroid 
therapy may provide helpful informatio n. 

A ... br .. (OLas. ... lOgradivo 
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1",1 PHYSICAL EXAMINATION 

a ObseN. lion of respiratory paHern 
Animals with pulmonary or pleural disease tend 
to have a rr!ltr;ct;'fJr! breathing pattern: rapid shal
low respirations which may invo lve a consider
able abdominal component. Thosc with upper 
airway obstruction tcnd to have prolonged, 
deep inspiration and respiratory stridor if the 
obstruction is located at the larynx. Dogs with 
paradoxical respiration may show signs of respi
.-awry muscle fatigue. 

a Mucous membrane colour 
Mucous membranc colour depends on Saoz' the 
amount of blood flow through the tissues, and 
the haemoglobin concentration of the blood. 
Cyanosis (bluish/purple mucous membranes) is a 
serious sign of desaturation that warrants imme
diate action. Pink mucous membranes merely 
ind icate a Pao, greater than 60 mmHg, and there
fore do not rule out clinically significant hypoxia. 
Pale mucous membranes are difficult to interpret. 
If there is limited flow of haemoglobin through 
the tissues, such as might occur in animals with 
decreased peripheral perfusion or severe anaemia, 
the clinician cannot make any estimate o f haemo
globin m:ygenation status. 

a Palpltlon 
The whole airway from the nares to the thoracic 
inlet should be palpated and observed for evi
dence of d ischarge, swelling, asymmetry or trau
m:ltic injury. If possible, without stressing the 
animal, the mouth should be opened to observe 
the pharynx and tonsils. Evidence of oral mucosal 
ulceration may suggest non-cardiogenic pul
monary oedema in a r uppy that bit an electrical 
cord . The presence 0 nasal discharge may be an 
important indicator of infectious processes such 
as dis temper virus infection or bacterial pneumo
nia. Dogs with traumatic inj uries to the trachea 
or mainstem bronchi may have subcutaneous 
emphysema. Animals with neoplasia may have 
palpable mass lesions obstructing air flow in the 
cervical area. The cranial thoracic cavity may 
appear solid and difficult to compress in cats 
with cranial mediastinal masses. Percussion may 
demo nstrate increased resonance in animals with 
pneumOlhorax, o r incre:l.Sed dullness in animals 
with fl uid or m:l.Ss Icsions. 

a Auscultation 
Ideally, the patient should be auscultated while 
standing. Since panting and open-mouthed 

breathing may be associated with shallow respi
ration and increased extraneous upper airway 
noise, the mouth should be briefl y held closed 
during auscultation. If possible, without induc
ing undue stress, animals with shallow respira
tion should be encouraged to breathe deeply 
once or twice by holding off the nares. Referred 
sounds from the upper airway can be distin
guished from lower airway sounds by ausculta
tion of the cervical trachea. Harsh lung sounds 
indicate turbulent air flow through airways 
narrowed by inflammation, oedema or mucus. 
Dullness or lack of air movement may signal 
pleu ral effusion o r pneumothorax. Crackles 
usually indicate the presence of fluid in the air
ways o r alveoli, which could be due to oedema, 
haemorrhage, mucus or purulent material. Since 
congestive heart failure is a common cause of 
d yspnoea in dogs and cats, the heart should be 
carefully auscultated. Careful attention should 
be paid to the presence of murmurs, a gallop 
rhythm or other arrhythmia. 

a Rectal temperlture 
Fever, an elevation of the hypothalamic set-point 
for thermoregulation, signals inflammation or 
infection. Hyperthermia is common in animals 
wi th upper respiratory obstruction, as the limited 
flow of air over the tongue prevents heat exchange 
and the increased work of respiration generates an 
increased heat load. 

I FURTHER INVESTIGATION 

Diagnostic testing may initially be limited in 
dyspnoeic ;mimals. The most dis tressed animals 
can decompensate with relativdy minimal 
manipulation, such as might be required for 
venepuncture or thoracic radiography. If faced 
with such a situation, the clinician must treat 
empirically to stabilize the animal. and forego 
diagnostics until the animal is more stable. 
Immediate management should include oxygen 
therapy and establishment o f venous access. 
Diagnostic thoracocentesis may be considered 
prior to radiography if historical information 
andl or rhysical examination suggest the pres
ence 0 pleural air or fluid. Rational drug 
therapy may be initiated bued o n a reasonable 
assessment of the most common causes of respi
.-alOry distress. Assuming that the animal is 
stable enough for diagnostic testing, the foll ow
ing may be considered. 

Avtorsko zas~ tellO gradivo 



a Rad l.graphy 
Thoracic radiographs should be evaluattd for thl' 
presence of plwral effusion (scalloping of lung 
lobes, pleural fissures o r a fluid line) or elevation 
of the heart and collapsed lung lobes th:lt might 
indicate pneumothorax. The cardiac silhouette 
should be examined to detect ch;l.mber enlarge
ment that might indicate congcslivc hean fai lure 
or pericardia! effusion, and the pulmonary vascu
lature should be evaluated to detect venous 
distcruion. The lung fields should be carefully 
evalualtd for the presence of air bronchograms 
which indicate an alveolar pattern. A peri
bronchial pattern, tSp«:ially if accompanied by 
lung hyperinflation, is suggestive of fdine 2smmil, 
Normal or near nonn:ai thoracic radiographs 
should prompt consideration of airway disease. 
and a lateral radiograph of the neck should be 
obtained to evaluate the oropharyngeal region 
and trachea. Masses or forei gn bodies can occa· 
sionally be sun outlined by the negative contrast 
of air in the trachea and larynx. 

a FI •• r •••• py 
Fluoroscopy allows real-time. dynamic determi
nation of airway mo tion for di;agnosis of tracheal 
and mairulem bronchial collapse. In rue instances 
of diaphragmatic paruysis. fluoroscopy may be 
required 10 assess diaphragmatic function. 

a Th.r ••••• nt •• I. 
Thoracocentesis represenu both a diagnostic and 
a therapeutic aid for stabilization of animals in 
respiratory distress. A needle connected to a short 
piece of tubing and a three-way stopcock is care
fully introduced into the pleural cavity via the 
seventh or eighth intercostal space. Suction by a 
syringe allows withdrawal of fluid o r air until 
negative pressure is obtained. Samples of fluid 
should be submitted for cytological ;analysis and 
for ;aerobic ;and anaerobic culture. 

a T •• t. of pulm.nary tun.tlon 
Tests of pulmonary function provide quantitative 
informadon about the severity of respiratory 
dysfunction but they provide limited qualitative 
informadon regarding the cause of the problem. 
The gold standard for estimation of pulmonary 
function is arterial blood gas analysis which is 
expensive and relatively invasive. Two non
invasive, indirect instrumenu are av;ailable. 

Plfls~ oximetry provides continuous estimation 
of Sao~, allowing quanti tation of hypoxia and 
monitoring response to therapy o r to lerance of 
diagnostic procedures. The instrument is a dual 
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wavelength spectrophotometer which determines 
the absorption of light shone through uS5ue using 
a p robe which is placed on the tongue, lip, ear 
pinna o r toe of the animal. Poor uS5ue perfusion 
and excessive movement of the animal resuit in 
~ifficulty obtaining accurate readings with this 
lOStrument. 

End-tidal capnography provides an estimation 
of pulmonary venous carbon dioxide by analysis 
of COl in exh;aled air. Most veterinary instru
menu arc 'side-stream' samplers that ue intro
duced into an anaesthetic circuit by means of a T 
junction o r sample exhaled air directly from the 
nares in the awake animal. The COl concentra
tions in the air obtained at the end of exhahuion 
ar~ rclated to those o f the pulmonary venous 
blood and thereby reflect the ventilation st:ttus of 
the animal. High respiration ra te and panting 
result in erroneous measurements using these . 
mstrumenu. 

a BI •• d t.st. 
A complete blood count may provide cvidence of 
infection if there is an elevated white blood cell 
count. Some cau with fdinc asthma and dogs with 
eosinophilic pneumonia may present with an 
eosinophilia. Many animals with pneumonia, 
however, have perfectly normal whitc blood cell 
counts. An increued haematocrit (i.e. secondary 
polycythacmia) may indicate dehydration or 
chronic hypoxia resulting in increased erythro
poietin production. Although a chemistry pand 
does not provide direct information about the res
piratory tract, impenant information about con
current systemic disease may provide dues 10 the 
aetiology of respiratory distress. Other specific 
blood tesu may be indicated dq>ending o n the 
type of respiratory diseue. Cats, for example. 
may require testing for feline leukaemia virus, and 
dogs with possible pulmonary thromboembolism 
may require evaluation for the presence of hyper
adrenoconicism. 

Q Laryngoscopy and bronchoscopy 
Direct visualization of the respiratory tract in the 
dyspnoeic dog o r cat is limited to those crises that 
are thought to be caused by airway obstruction. 
Since general anaesthesia is required there 
is considerable risk to the unstable animal. 
Additionally, if airway obstruction is present, 
recovery from anaesthesia can be fraught with dif
ficulty unless the airway obstruction has been 
resolved. The animal should be lightly anles
theti2.Cd with a shon ·acting drug that docs not 
affect laryngeal function (typically thiopental or 
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propofol). The larynx is then carefu lly observed 
to determine whether vocal cord motion is 
present and symmetrical, and whether the motion 
is occurring at the appropriate phase o f respira
tion. Bro nchoscopy may be required if a tracheo
bronchial mass o r foreign body is suspected. 

o Cytological and bacteriological 
el3minalion of the respiratory tract 

Samples for bacteriological and cytological cJCarn
ination may be obtained from the respiratory 
tract by transtracheal wash, bronchoalvcolar 
lav:tge (SAL), or fine needle lung aspirates. 
Pharyngeal swabs provide little useful informa
tion since they are easily comaminated with o ral 
microorganisms. Fine needle aspirates may be 
obtained with relatively little stress in animals 
with consolidated lung or focal mass lesions. 

Some dyspnoeic animals may tolerate a transtra
cheal wash (a catheter is inserted percutaneously 
through a needle imo the trachea, and sterile 
saline is instilled and withdrawn to provide a sam
ple for bacteriological culture and cytology), but 
the animal should be carefully obser\'ed for deter
iOr.l.tion during this procedure. 

o Other diagnostic procedures 
Some lInimals may benefit from sophisticated 
imaging techniques such as scintigraphy, COffi

pmI'd tomography or magnetic resonance imag
ing. Assessment of lung compliance lind airway 
resistance may be considered. Finally, exploratory 
surgery may be required to effect diagnosis :I.nd 
resolution of some respir:uory disorders such as 
pulmonary masses or lung lobe to rsions. 
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Chronic Cough 
L. G. King 

A chronic cough may be defined as a cough that 
has been present for more than two months. Since 
coughing is a sign of airway disease, but not a 
diagnosis in itsdf, dogs and cats with chronic 
coughing often prescnt the clinician with both a 
diagnostic and a thcr.apeutic dilemma. 

I PATHOPHYSIOLOGY 

Chronic coughing is a non-specific response to 
inflammation or physical stimulation of the air
ways. Inflammation may be a sequel of a varielY 
of insults, including vin.I, bacterial or other infec
tions. allergic or hypersensitivity responses, 
foreign material , external compression, structu ral 
abnonm.lities or neoplasia. Common causes of 
chro nic coughing in dogs and c:ns arc listed in 
Tables 12.1 and 12.2. 

When thl: airways become inflamed, the 
pathological manif~s tations include erythema :md 
hyp~raemia., mucosal ocdema, increased mucus 
production with prolif~ration of goblet and Clara 
cells, and infiltration of inflammatory cells. The 
types of inflammatory cell v:!.ry depending on the 
:!.etiology of the inflammation. For example, a cat 

r l b1l 12.1 Some causes 01 chronic coughing in dogs 

• Collapsing trachea 
• Chronic bronchitis 
• ComprmJon of tile len mainstem bronChus 

with fcline asthma may have an eosinophilic 
infiltrate. whereas a puppy with Bordrtrlla bron
ehiseptiea tracheobronchitis may have predomi 
nantly n ... utrophilic and lymphocytic infi ltrates. 
Normally, the mucociliary escalator, backed up 
by alveolu macrophag ... s and bronchus-associated 
lymphoid tissue, ar ... the most imponant protec
tive mechanisms of th ... lower airways. The cough 
reflex comes into playas .a vital defence mecha
nism when these mechanisms have ~en over
whelmed by an increased volume of exudate or 
mucus, or by the presence of foreign material . The 
cough refl ex may also be triggered by repealed 
local m«haniC:ll stimulation, such as might occur 
in dogs with structural abnormalities such as col
lapsing lrache:!. or compr ... ssion of the left m.ain
stem bronchus. 

The cough reflex is a cholinergic \·agal refl ex 
that is triggered by local inflammation or physical 
stimuli in the airways. A cough begi ns as a maxi
mal inspiration, followed by initi.al forced exhala
tion against a dosed glottis (Valsalva manoeuvre). 
Sudden opening of th~ glottis r~sults in rapid 
expulsion of air under considerable pressure, 
which assists in removal of d~bris, foreign mater
ial and mucus from the rcspiralOfY tract. This is 

• LelHIOed conoestive neart failure. olten mitral regurgitation or dilated ardiomyopathy 
• Chronic bronchopl'Ieumonia 
• Broochlectasls 
• Tracheal or bronchial foreign bodres 
• Tracheal or bronchial masses or neoplasms (intraluminal or extIalumlflal) 
• Pulmonary neoplasia such as bronchQoenic carClIloma 
• Parasitic inleslations (lungworms suCh as CapHlaria aerophila. R/aroid!sspp., Cmnosoma vulpiS, migr;1ltlOn 01 ascarills) 
• Heartworms (Dirofilaria immltlS. AngiOstronqylus vaSOfllm) 
• Funoal inlections such as blastomycosis or aspergilloSIS 
• lnllammatolY pulmonary dfsorders sUCh as pulmonary fnliltrate With eoSlnophl1S or lymphomatOid gr;1lnulomatosiS 
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Tlble 12_2 Some causes 01 chronic coughing in cats 

• Feline asthma (bronchospasm mediated by hypersensitIVity response) 
• Chronic broI1chitis 
• B/Onctriectasis 
• Emphysema 
• ParaSitIc inlestation (lung worms such as Atlurostrongylus absttusus, migf3.lion of A$carids, other) 
• Aspirated tracheobronchial foreign bodies 
• Chronic bronchopneumoOia 
• Pulmonary fungal infections (cryptococcoslSJ 
• Cranial mediastinal masses 
• Heartworms (Oirofllaria ,mmitiS) 

assisted by simuit.mcous contraction of the 
bronchial smooth muscle which narrows the 
airways, further increasing the force at which 
material is expelled. 

Coughing may be defi ned as productive or 
non-productive. A productive cough occurs 
when material is expectorated from the trachea 
into the pharynx. In dogs and cats this material 
is usually swallowed, but it can occasion<llly be 
expectorated to the exterior. Clinically, a pro
ductive cough sounds moiS! and low-pitched, 
and the animal often swallows immediately 
afterw.trds. In contrast, the more common non
productive chronic cough is usually harsh, high
pitched or even honking. Expectoration of 
mucus may occur occasion<llly. but is usuall y 
not a feature. Dogs with chronic non-produc
tive coughing frequently suffer from paroxysms 
of coughing which arc of great concern to their 
owners. 

• INVESTIGATION OF CHRONIC COUGH 

A cough that has been present for more than 
twO months is usually a marker for significant 
disease in the animal. The disease may be con
fined to the airways, or may represent more 
extensive pulmonary or even systemic disease 
such as neoplasia. Many of these disorders are 
slowly progressive and most do not resolve 
spontaneously. Early treatment is of len the 
most importaOi tool to delay progression. Every 
animal that has suffered from a cough for more 
than two months, therefore, deserves at least a 
basic work-up to determine the best course of 
management required to prcveOi progrcssion of 
thc disease. 

I §~I HISTORY CHECKLIST 

a Age, breed, sex? 
Chronic coughing is most common in older 
animals, resulling from lesions such as chronic 
bronchitis or collapsing trachea, congestive heart 
failure and neoplasia. Younger animals may be: 
morc likely 10 suffcr from inf«tious or parasitic 
infections, especially if they are in a high-stress 
cnvironmcnL Breed predispositions exist for 
certain disorders, for example collapsing trachca 
is common in Yorkshirc tcrriers and miniaturc 
poodlcs. Fclinc asthma is most commonly a prob
lem of middle-agM cats. 

a Previous preventative medicine? 
Worming history may be important in evalua
tion of animals with suspected lungworms. 
Hcarrworm status (previous testing o r usc of 
prophylaxis) should be dctcrmincd in areas where 
dirofilari asis is cndcmic . 

a Durallon 01 signs? 
By definition, dogs and cats with chronic cough
ing have had problems for mo re than tWO months. 
Many will have suffered mild symptoms for ycars, 
with r«ent exacerbation of signs that may 
prompt consultation with a veterinarian. 
Part icular anention should be: paid to thc prcscnce 
and duration of other syslemic signs such as 
weight loss or vomiting, which could indicate a 
more scrious systemic disorder such as ncoplasia. 

a Inciting Incldenl$ 01 illness? 
Many animals with chronic coughing have no 
history of any predisposing cause. Occasion
ally, however, historical information can be 



extremely helpful. A previous history of vomit
ing or regurgitation can indicate the presence of 
chronic aspiration pneumonia o r systemic neo
plasia. C hronic bronchitis may occur as a sequd 
of infectious tracheobronchitis or necrotizing 
tracheitis due to smoke inhalation. Recent travel 
to areas endemic fo r lungworms, heanworms or 
fungal infections may be of diagnostic signifi
cance. 

o nesplrltory signs In other Inimals? 
Most animals with a chronic cough are the only 
affect~ animal in the household. The presence of 
multiple affected animals suggests an environ
mental, infectious or parasitic aetiology. 

o Piivlous the,.py and response? 

I~I PHYSICAL EXAMINATION 

o Obsemtlon 
Observation of the animal at rest can provide 
vi tal information about the extent of disease 
within the respiratory system. Most animals 
with mild to moderate chronic bronchitis, col
lapsing trachea, or even partial airway obstruc
tion are normal at rest between paroxysms of 
coughing. These dogs typically have no signs of 
inc reas~ effort, paradoxical respiration or 
cyanosis. Unfortunatdy, many of these animals 
may be anxious or panting which can make it 
difficult to assess respiratory function. Every 
effort should be made to observe them in a 
relaxed and calm environment. In contrast, ani
mals with severe ai rway, heart or lung disease 
often have increased respintory rate and effort 
at rc.st. They may have a considerable abdomi
nal component to their respiration, with nasal 
Rare and postunl adaptation. The most severdy 
affected animals have paradoxical respiration 
and signs of respiratory muscle fati gue. 

o Examination 01 the pharynx 
Assuming that the animal tolerates the manipula
tion while awake. the pharynx should be observed 
by opening the mouth and brieRy depressing the 
tongue. If the larynx is visible, this suggests a 
defective gag reRex. which might be accompanied 
by aspiration pneumonia. If me tonsils arc 
enlarged and protruding from the tonsillar crypts, 
or the pharynx appears erythematous, local 
inflammation may be present. Unilateral enlarge
ment of one tonsil should prompt suspicion of 
tonsillar neoplasia. 
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o Pllpallon 
The whole airway, particularly the cervical 
trachea. should be e;r.rcfully palpated. Attention 
should be paid to the pr~$ence of any kind of 
compressive mass lcsion in the neck or thoracic 
inlet. The trachea itself should be palpated and 
compressed 10 induce coughing. In normal dogs 
and c:ltS, the trachea is cylindrical and the dorsal 
membrane can only be palpated with difficulty. 
Dogs with collapsing trachea may have obvious 
softening of the tncheal cartilage and airway 
deformity (tracheal rings become C-shaped). A 
brief, dry cough can be induced in most normal 
dogs and cats when the trachea is compressed. In 
contrast, paroxysms of coughing and wheezing 
may be c:1icited in animals with pre-existing 
inflammation caused by tracheal collapse, chronic 
bronchitis or fdine asthma. Induction of a moist 
o r productive cough should prompt suspicion of 
bronchopneumonia, bronchiectasis or other 
serious lung disease. 

a Au$cultatlon 
Auscultation is a vi tal pan of the evaluation of any 
animal with a chronic cough. The first important 
question, particularly in dogs, is whether o r not 
there is evidence of heart disease. Coughing can 
be an ~arly sign of leh -sided congestive heart fail
ure in dogs with mitral regurgitation o r dilated 
cardiomyopathy. Interestingly, cats with hean 
failure rarely cough, but instead become dysp
noeic. It is important to recognize that the mere 
presence of a murmur is not enough to prompt a 
diagnosis of congestive heart fai lure (sec C hapter 
13). Many animals that are actually suffering from 
chronic bronchitis or coll:apsing trachea also have 
some degre~ of mild mitral endocardiosis but are 
not actually in heart fai lure. Therapy for heart dis
ease in such animals will not result in resolution of 
the cough, which instead should be treated with 
antituuivC5 and bronchodilators. Some animals 
with mitral regurgitation may have significant 
enlargement of the left atrium due to regurgitant 
fl ow. In this instance, compression of the left 
mainstem bronchus may result in coughing that is 
unrelated to heart fa ilure. 

Next, all lung fields and the cervical tnchea 
should be carefully auscultated for the presence of 
abnormal sounds. The most common finding is 
increased upper airway sounds, particularly in 
animals with chronic bronchitis. collapsing tra
chea or airway obstruction. In animals with tra
cheal obstruction. thc sounds arc loudest when 
the bell of the stethoscope is placed over the cervi
cal trachea. Wheezes (musical sounds produced 
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by movement of air through narrow~ airways) 
arc often auscultated in cats with fcline as thma. 
Dull areas nlay indicate the presence o f collapsed 
or consolidated lung lobes. o r masses. Crnckles 
are a serious finding. suggesting the presence of 
flu id within the airways or alveoli. fo r example 
cardiogenic oedema or pneumonia. Dogs with 
chronic cnd-stage bronchial or lung d is ... asc may 
also have generalized coarse crackles which are 
probably caused by euly closure and opening of 
small bronchi rather than thc presence of fluid . 

Q Reclallemperalure 
Most animals with chronic coughing do not have 
a fev ... r. but fever may accompany chronic 
fungal or bacterial infections or neopb.sms. 
I-I ypcnhermia may occur in animals wilh upper 
ai rway obstruction due to poor air movement 
over the su rface of the tongu .... and diminished 
capacity for evaporativ ... cooling. 

Q Other 
A complete physical examination. including 
abdominal palpation, should be performed in 
e\'ery animal with chro nic coughing. Abdominal 
distension attributable to hepatomegaly and 
hyperadrenocort icism ca n contribute to coughing 
due to cr.miad pressure on the diaphragm by 
abdominal COnt ... nts. Th ... presence of a fluid wave 
nlay indicate ascites and right-sided hean failure. 
Palpable abdominal masses could represent n ... o· 
plasia which may have metastasized to the lungs. 

I FURTHER INVESTIGATION 

As prcviously mentioned, evcry animal with a 
chronic cough should be carefully evaluatcd 
before definitive therapy is initiated. Many of 
these animals require life-long therapy and most 
ha\'c slowly progrcssiv ... disease. In panicuiar, 
management of disorders such as collapsing fro
chea, chronic bronchitis and congesti ...... h ... an fail
ure can be extremely frustra ting for both owner 
and veterinarian. Before committing an animal to 
life-long thenp), for these chronic illnesses it is 
... ital that a correct d iagnosis is mad ... and that 
re ... ersible or curnble disorders are ruled OUL 

• Blood 1 •• 1. 
Most of these animals d ... serve a basic clinical 
work~up includ ing fu ll routine haematology, a 
biochemistry panel, urinalysis and if applicabl ... , 

h"'anworm testing. The intent is to determine the 
presence of o rg:l.nic or systemic disease which 
rna)' be contributing to the chronic cough. For 
... xample, animals with fungal pneumonia may 
ha\'e an eosinophil ia or increased white blood cell 
count, and those with hyperadrenocorticism may 
ha" ... increased liver enzymes. If therapy with 
drugs such as corticosteroids, angiotensin-con
\'erting enzyme inhibitors or digoxin is to be con
sidered. then knowledge of liver and kidney 
function and electrolyte status is vital. In animals 
in which fungal or protozoal disease is a possible 
diagnosis. ~ero logiC:l.I titres for agents such as 
Cryptococcus spp., Aspergillus spp. or Toxopltuma 
gondii may be helpful. In cats, testing for feline 
leukaemia virus, feli ne immunodeficiency virus, 
or feline infectious peritonitis may be indicltted. 

• Radiography 
Thorncic (and sometimes cervical) radiographs ar ... 
... ital in evaluation of animals with chronic cough
ing. Dogs with chronic bronchitis or collapsing 
trnchea usually have normal radiographs or a 
peribronchial pattern, sugg ... sting the presence of 
peribronchial infiltrat ... s. Sometiml."S a collapsing 
trnchea can be demonstrated by rodiographs 
obtained during inspi ration and during exhala
cion, o r by using flexed and extended neck views. 
Caution should be exercised in interpretation of 
these views, however. Animals with chronic tra
cheal collapsc or bronchitis usually do not have 
evidence of pulmonary al ... eolar disease. If there 
ar ... any signs of alveolar d isease, o ther disorders 
such as bronchopneu monia. neoplasia or 
congestive hean failu re should be considered. 
Bronchiectasis can be evident as a cylindrical dila· 
tion of bronchi as they extend to the periph ... ry of 
the lung lobes, rather than their usual tapering 
appe:lfanc .... Masses may be e ... ident in lung lobes 
or compressing the airways and radio-opaque fo r
eign bodies may be seen. Lastly, infrnluminal 
masses, abscesses, parasitic nodules o r fo reign 
bodies may be outlined by the negative contrast of 
air in the major airways. 

• Fluoroscopv 
Fluoroscopy is a ... ery useful additional tool to 
confirm a diagnosis o f collapsing trochea or com-
pression o r collapse o f a mainst ... m bronchus. 
Plain radiogrnphs o f the airways ....... en when care-
fully taken at different phases of respirotion and in 
different neck positions, can b ... deceptive or in 
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some cases non-diagnostic. Fluormcopy pro\' idcs 
a non-invasive, dynamic, rul-time represenlation 
of the motion of the airways. 

• Faecal flotation for parasites 
Pulmonary migration of ascarids can causc 
chronic cough especially in heavily infested pup
pies o r kittens. In areas where lungworms are 
endemic, a Baermann flotation technique should 
be performed to detect the presence of lungworm 
larvae in the stool. It must be remembered that 
lungworm larvae may not always be present in the 
stool, as their numbers may be low or they may be 
interminendy shed. Usually, faecal samples are 
evaluated three days in a row. If the index of 
suspicion for lungworms is high, anthelminthic 
therapy ~hould be initiatcd even if the results 
are nega[Jve. 

• Bronchoscopy 
Bro nchoscopy is a very usefu l tool for evaluation 
of the chronically coughing dog. Dynamic col
lapse of the airways can be easily seen, and bron
choscopy is the 'gold standard ' for diagnosis of 
collapsing trachea. Foreign bodies may be visual
ized and even removed. The airways can be 
evaluated for the presence o f in f1 ammation and 
exudate, and samples fo r bacteriological and cytO
logical examin3tion u n be obuinw directly from 
affected areas. Bronchoalveolar l3vage can pro
vide diagnostic informacion in cases of fungal or 
neoplastic lung disease. Bronchoscopy can only 
be carried out under general anaesthesia, which 
limits its use to the stable animal. 

I Cylologlcal and baclerlologlcal 
examination of the resp iratory tract 

Bro nchoscopy and bronchoalveolar lavage 
(BAL) is the most specific method by which 
smlples can be obtained from the respiratory 
tract. To perform a BAL. the tip o f the bron
choscope is wedged in an affected bronchus. 
Several aliquots of saline are instilled into the 
bronchus through a narrow-bore cube which 
has been inserted into the bronchus through the 
biopsy channel of the bronchoscope, and then 
as much as possible is aspirated from the lung 
lobe. This technique provides samples from 
deep within the parenchyma of the lung. When 
a bro nchoscope is not available, however, diag. 
nostic samples may still be obtained by usc of 
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techniques such as transtracheal or endotracheal 
washing, A catheter is inserted into the trachea 
ei ther percutaneously or through a sterile endo
trachcal tube and steri lc saline is instilled and 
withdrawn to provide a sample from the upper 
airways (rather than from the parenchyma as is 
obtaincd using BAL). Bet:l.use of the inherent 
risks associated with anaesthesia and exacerba
tion o f tracheal inflammation, these techniques 
should be used cautiously in dogs with collaps
ing trachca. 

Bacterial and fungal cultures of samples 
obtained from the 3irways may be diagnostic if 
bronchopneumonia is prcsent. but the results 
should not be over-interpreted in the presence 
o f chronic bronchitis or collapsing trachea. 
Although positive bacterial cultures arc obtained 
in some animals with chronic 3irway diseue they 
arc usually opportunistic pathogens colonizing 
thc inflamed airway, and should not be reg3rded 
as primary pathogenic agents. Treatment with 
antibiotics may cause temporary improvement 
but docs not usually result in long-term resolu
tion of signs. Cytological examination of BAL o r 
transtracheal wash samples may show evidence of 
toxoplasm:!. tach)·zoite5, fungal yeut fo rms, lung
worm larvae and occasionally neoplasia. The type 
o f infl ammatory cel l can also provide useful infor
mation, for example a predominant population of 
eosinophils in tracheal wash f1u id may suggest 
parasitic or fun gal infection, a hypersensitivity 
response, or pulmonary infiltr.ate with 
cosi nophils. 

• Tests of pulmonary function 
Arterial blood gas analysis, pulse oximetry and 
end-tid:!.1 capnography are usu:!.lly normal in 
animals with mild to moderate airway disease. 
Oxygenation may decrease with severe airway 
d ise3se due to progressive ventilation- perfusion 
mismatch. Ventilation and Pac o ! arc usually nor
mal unless there is an ai rway obstruction prevent
ing :lir flow. 

Measurement o f airway resistance, lung com
pliance and the gencration of tidal breathing flow 
volume loops also provide very useful informa
tion in animab with airway disease. Thesc tech
niques are currently being evaluated in cats with 
bronchitis and fdine as thma, and in dogs with 
chronic bronchitis. They rcquirc the usc of 
sophisticated compUierizcd instruments and are 
only available to a limited number o f veterinari
ans. 
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• Other diagnostic procedures 

Left-tided congenive heart failure is a common 
cause of chronic coughing in dogs, which may 
require evaluation by cchocardiography and dec· 
troardiography. Some dogs or cats with chronic 

coughing may have mass lesions in the lung which 
may require surgical explor:uion ;and resection. 
Some of these animals may also benefit from addi· 
tional imaging modalities such as computed 
tomography or magnetic resonance imaging of 
the (horax. 
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Cardiac Murmurs 
J. K. Dunn 

The audible characteristics of a cardiac murmur 
are dctcrmined by many cardiac and non-cudiac 
factors. Not all murmurs indicate cardiac pathol
ogy; some are benign and may diuppc:lf sponta
neously. Likewise, the presence: of a hean 
murmur, even if it is considered to be pathologi
cal. should not be: takcn as evidence: that the 
animal has congestive heart failure. Indeed, most 
cases of mitral valve endocardios;! during the 
early Stages :1;[ lu",! have normal myocardial con
tracti lity and although thue may be a significant 
regurgitant fraction of blood entering the Iet't 
atrium the animal may show no signs o f cardiac 
dttOm~nsalion . It is therefore important when 
~rforming a c1inica.l c:nmination to record the 
particular characteristics of a murmur to allow 
compuisons with later observations which may 
or may not correlate with an altered clinical 

• present:H1on. 

I CARDIAC AUSCULTATION 

Auscultation of the thorax should ~ performed 
in a quiet room. All of the cardiac valve areas 
should ~ auscultated systematically, using both 
the ~Il and diaphragm of the stethoscope, and the 
point of maximal intensity in relation to a specific 
valve and the presence/absence of a pret::ordial 
thrill should be noted. Certain murmurs, e.g. the 
murmur associated with patent ductus arteriosus 
can be localized to a small afea of the chest wall. If 
a murmur is audible. other areas o f the thorax 
including the thoracic inlet should ~ auscultated 
since murmurs often radiate across the chcst wall. 
Fig. 13.1 illustrates the approxima[(~ si tes on the 
chest wall for placement of the stethoscope head 
to auscultate each of the fou r cardiac valves. 

Left side 
• Mitral valve region: fifth intercostal space at the 

level of the costochondral junction approxi
mately one quarter of the diSiance from the 

• 

Figure 13.1 Points of auscultation for the mitral (M), 
tricuspid (1), pulmonic (P) and aortic (A) valves. 

sternum to the vertebrae. In the cat this posi
tio n may be slightly further back i.c. fifth o r 
silCth intercostal space. 

• Aortic valve region: third- fourth intcrcostal 
space level with the point of the shoulder 
(second-third intereostal space in the cat 
JUSt dorsal to pulmonic valve region). 

• Pulmonic valve region: second-third inter
costal space JUSt above the costochondral 
junction i.e. JUSt ventral to the aortic valve 
region (second- third intercostal space in the 
cat). 

Right side 
• Tricuspid valve region: fourth intercostal space 

at the level o f the costocho ndral junction 
(fourth-fifth intercoml space in the cat). 

adNO 



Table 13.1 Acquired and congenital causes of cardiac murmurs in dogs and cats 
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I PATHOPHYSIOLOGY 

Cardiac murmurs ar~ caused by a disruption to the 
normal laminar fl o w of blood either within the 
heart o r as blood exits the h~art and emers the 
major vessels. Murmurs may be classifi ed as patho
logical, functional or b~nign . A pathological 
murmur is th~ r~sult of a congenital or acquired 
structural defect involving ei ther the heart or great 
vessels (ventricular o utflow tracts). A murmur may 
be generated as blood fl ows through a narrowed 
outflo w tract (e.g. aortic stenosis), an abnormal 
vascular or chamber communication (e.g. patent 
ductus arteriosus or v~ntricular septal defect), or 
an abnonnal valve o rifice (e.g. mitral valve incom
petenc~). Valvular incompet~nce of th~ atrioven
tricular (A V) va lv~s may occur if the valv~ cusps 
become thickened (endocardiosis) o r if rhe atrio
v~mricular annulus dilat~5 to a po int that the valv~ 
cusps arc unabl~ to close properly (dilated cardio
myopathy). In both thcs~ situatio ns th~ re trogr.l.d~ 

• 

; , 
I ! , 

- '- -
Earty systolic ! , , 

I 

Earty diastolic 

flow of blood through the valve o rifice may be 
expected to produce a cardiac murmur. 

Functional (physiological) murmurs are associ
ated with extra-cardiac factors, i.e. high output 
Slates such as fever, pregnancy. chronic anaemia 
and hyperthyroidism which result in tachycardia 
and an increase in blood fl o w velocity. The 
haemic murmurs associated with s~v~re chronic 
anaemia (packed cell volume usually less than 
0.15 Il l) can be attributed 10 a d~creas~ in blood 
viscosity and a compensatory incr~ase in cardiac 
outpUt in response to chronic hypoxia. They are 
generally soft . low grade (no greater than 3/6), 
early-mid systolic, ej«tion-type munnuf$ with a 
point of maximal intensity over the mitral o r 
aortic valves. 

Innocent or benign murmurs ar~ functional 
munnurs which arc typic:tlly heard in young pup
pies and kittens and occasionally in som~ narrow
chesled breeds of dog. They arc associated with 
alter:ttions in the flow velocity Ihrough the 

So Sf S. 

Systolic plateau 

b 

Fig. 13.2 (a and b) Diagrams showing the timing 01 cardiac murmurs in relation to the lour heart sounds and phase 
01 the cardiac CYCle. The phOnocardiOQraphic characteristic (shape) of each type 01 murmur is also shown. After 
Gompf (1988). 
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ventricular outflow tracts. The intensity of such 
murmurs is therefore influenced by heart rate 
(being more pronounced if the animal is tachy
cardic), stroke volume and cjection velocity. 
Innocent murmurs ue generally soft, low grade 
(no greater than 2/6), early systolic, ejection type 
murmurs. O n auscultation they tend to be loudest 
over the mitral o r aortic valve regions o r at the 
thoracic inlet and they radiate poorly. In many 
young animals the murmur may be expected to 
disappear by 4-5 months of age. The conditions 
which may give rise to different types of cardiac 
murmur are summarized in Table 13.1. 

I CLASSIFICATION OF CARDIAC 
MURMURS 

A murmur may be characterized on the basis of 
the following features: timing, duration, intensity, 
pitch, quality (shape), location and radiation. 

• Timing and duration 
A murmur can be elassified according to its timing 
in the cardiac cyele and relationship to the normal 
51 and 52 heart sounds (see Fig. 13.2). A systolic 
murmur describes a murmur occurring between 51 
and 52. Anearly systolic murmurstops before mid
systole; a holosystolic murmur extends through
OUt systole but ends before 52 and a pansystolic 
murmur extends throughout systole and obscures 
the 52 sound. Systolic murmurs may 
be caused by AV insufficiency (commonly involv
ing the mitral valve), aortic or pulmonic stenosis, 
and atrial or ventricular septal defects. Functional 
and innocent murmurs are also systolic. 

A diastolic murmur is one occurring after 52 
and before the next SI of the cardiac cycle. 
Diastolic murmurs are relatively rare; they may be 
heard with aortic insufficiency (e.g. bacterial 
endocarditis of the aortic va.lve or in association 
with aortic stenosis), dirofilariasis, and stenosis of 
an AV valve. 

A continuous murmur is one which starts 
after SI, continues through S2 :and StOpS before 
the next 51. The most common c:ause of a con
tinuous murmur is a left to right shunting 
patent ductus arteriosus (if the direction of the 
shunt reverses the murmur may disappear). 
Occasionally :aortic stenosis is complicated by a 
degree of aortic regurgi tation resulting in a 
murmur with both systolic and :an e:arly dias
tolic components. 
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• Intenslly 
The intensity of a murmur does not refl ect flow 
volume and therefore, in some cases, bears no cor
relation to the severity o f the underlying defect, 
i.e. small defects may produce loud murmurs and 
vice versa. Intensity is generally graded on a scale 
of I-VI as follows: 

• Grade 1 Murmur b:arely audible; careful aus
culution required, i.e. this is the 
softest audible murmur. 

• Grade 11 A very soft murmur but it is heard as 
soon as the stethoscope is applied to 
the chest wall. 

• Grade III Approximately the same intensity as 
normal hean sounds. 

• Grade IV Louder than normal he:art sounds 
but no precordial thrill is present. 

• Grade V Can be heard with the stethoscope 
barely touching the thorax and a 
palpable precordial thrill present. 

• Grade VI em be heard with the stethoscope 
away from the animal's chest . 

• Pilch (quality or lrequency) 

A murmur may be classified :as h:aving a low, 
medium, high or mixed frequency. Sharp ejec
tion-type murmurs caused by blood fl owing at an 
increased velocity through a stenosed ventricular 
outflow tract tend to be o f higher frequency than 
the harsher regurgitant murmun typical of valvu
lar insuffic iency (although some of the latter 
possess a distinctive 'squeaky' quality). A harsh 
continuous 'machinery' type murmur is a feature 
of patent ductus arteriosus. 

• Shape (modulation) 

The shape of a murmur refers to its phonocardio
graphic characteristics (Fig. 13.2). A crescendo 
murmur starts softly and geu louder before it 
stops; a decrescendo murmur does exactly the 
opposite. A crescendo--decreseendo (diamond
shaped) murmur SI:artS softly then ~omes 
louder before dying away softly. The shape of a 
murmur m:ay indicate a cenain v:alvul:ar abnor
mality. The systolic regurgitant murmun associ
ated with A V insufficiency o r ventricul:ar stpul 
defect (VSO) arc usually plateau-shaped mur
murs; the systolic ejection type murmurs typical 
of :aort ic or pulmonic stenosis are usually 
described as being crescendo--decrescendo 
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murmurs. DiulOlic murmurs, associated with 
aortic insufficiency or A V vah'e stenosis, are rare 
and 2re usu:ally decrescendo in shape. 

• Location and radiation 

The IOC.1tion of :a murmur is represented by the 
point of m;axim;al imensity (PM I). When :a mur
mur is the resuh of a valvubr lesion the PM I m;ay 
help identify the v21\,c involved. Even if the mur
mur is caused by a non-valvular Icsion, c.g. P.1tcnt 
ductus :arteriosus or vcntricul:ar sept:al defect the 
PM! of the murmur (and :also its pitch :and qual
ity) may provide clues as to the possible cause. 
Having identified the PM I, continued ausculta
tion is ncccsury to determine whether the 
murmur radiates to other partS of the thora..'I:, 
including the thorncic inlet. Severe regurgitant 
murmurs associated with AV val ... e incompetence 
typicall y r.adiate crani3lly and dorsally; the ejec
tion murmur associated with aortic stenosis often 
radiates to the Ihoracic inlet a.nd up the c.1rotid 
vessels in the neck (severe murmurs m.1y even be 
auscultated 011 lOp of the head). 

• Miscellaneous 'murmurs' 

Systolic ,1I'ks 

SyslOlic dicks arc mid to bte high fr~ueney systolic 
sounds which in hurmns:are associated with mitnl 
... .1h,e prolapse. In the dog the cause and clinical sig
nificance of systolic clicks are unknown but ther are 
thought to indicate euly mitral val,'e disc.lSC. 

'RllplTllory ' murmurs 

'RespiT:ltory' murmurs may be heard in deep
chested breeds of dog especially if they arc panl
ing. 111ese sounds. which mimic low-grade sys
tolic murmurs, :arc of no clinical significance. The 
fact that 'respiT:llory' murmurs tend to wax and 
wane in intensity :and Illay disappe2T if the animal 
is sedated for radiography suggesLli that they are 
probably benign functional flow murmun. 

I INVESTIGATION OF A CAROIAC 
MURMUR 

The investigation of any cardiac munnur is simi
lar for :lIly animal although the urgency fo r spe
cific diagnostic tests will be determined by the 
animal's age and whether it is showing clinical 

signs of cardiac decompensation. The presence of 
a murmur in a twelve-week old animal presented 
for routine vaccination which appears o therwise 
healthy should be investigated at the earliest 
opportunity. The majority of such murmurs arc 
the result of congenital cardiac defeclS and accu
rate diagnosis is essential if the owner is to be pro
vided with an accurate, long-term prognosis. In 
contrast, a murmur dctttted in an older :mim:al is 
more likely to be ;associated with clinical signs of 
congestive heart failure (CHF). A detailed history 
may therefore not only confirm thc ;absence or 
presence of signs consistent with CHF but may 
also provide an approximate assessment of the 
degree of cardiac decompensation. 

I§~I HISTORY CHECKLIST 

a Breed, ao, and sex? 
A young «6 months old) animal which pr('sents 
with a loud (>3/6) murmur will :lImos! certainly 
have a congenital cardi:ac defect. Certain congeni
tal defects have a much higher incidence in some 
brcros than others (T :able 13. 1). Tht' majority of 
middle-aged or old dogs (>4 rem old) will either 
have mitr.tl insufficiency or dilated cardio
myopathy. Murmurs associated with mitral insuf
ficiency duc to endocardiosis arc more common 
in smaller (toy) breeds of dog particularly in ani
mals gre2u~r th:an 7 y(':ats of age although ceruin 
breeds, for example cavalier King Charles 
spaniels, can develop murmurs when .3 years old 
or less. Not infrequently these animals may 
present with no clinical signs. Dogs with dilated 
cardiomyopathy tend to present slightly earlier, 
often between 4 and 7 years of age. and the 
murmur is often associated with signs suggestive 
of CHF or low output fai lure (although this may 
be influenced by the breed of :animal). 

The presence of a murmur in a cat nearly 
always indicate! cardi3c palhology unless there is 
evidence to suggest the animal is severely anaemic. 
The most common fcline congenital cardiac 
defecu arc listed in T :able 11.2. The most common 
cause of a murmur (often :accompanied by a gallop 
rhythm 2nd/or tachycardia) in an o lder cat is 
hypertrophic or, less frequently, dilated cardio
myopathy. 

Is the animal showlnll l lllni 01 cardiac 
decompensation I.e. backward (conllestIYe) and/or 
lorward (lOW output) heart lallure? 

• Exercise intolerance? 
• Systemic signs such as weakness. -anorexl:a • 

A ____ _ 
• _3d Q 



Table 13.2 Some of the more common causes of 
congenital heart disease In the cat 

• Mitral valve dysplasia 
• Tricuspid valole dysplasia 
• Venlrkular septal defect 
• Aortic stenosis 
• Perslslenl common atrioventricular canal 
• ElKIOCardiallibroelaslosis 
• Patent ductus arteriosus 
• Tellalogy 01 FaIIO! 

weight 1055 (c.trdiac cachexia)?; if systemic 
signs arc associated with a history of intermit
tent febrile episodes and/or lameness in a 
young 10 middle-aged large breed dog then 
consider bacteraemia due to bacterial endo
carditis as :l possible cause. 

• If an imal is young, is it growing normally or 
docs it appear 5[unted? 

• Cough or al tered respiratory pattern? 
• Abdominal distension (ascites)? 
• Synco~? 

1",1 PHYSICAL EXAMINATION 

o Characlerize the murmur 
The type of murmur may provide imponant 
diagnostic dues especially with congenital hem 
disorders. When auscultating the heart always 
si multaneously palpate the femoral pulse and nole 
pulse pressure and the presence of a pulse deficit. 
The femoral pulse mOlY be weak with aortic steno
sis; PDA is characterized by a Strong pulse with a 
rapid di:l.Slolic f:all -off (,waterhammer' pulse). 

o Normal mucous membranes? 
Pale with anaemia or hypoxiOl; cyanotic with 
right to left shunts in a young animal with left
sided heJ.Tt failure resulting in severe pulmonary 
ocdemJ.. 

o Prolonged capillary relill time? 
Indicates poor peripheral perfusion. 

o Dyspnoeic? 
Can a cough be elicited on tracheal palpation? 

Advenlitlous lung loundl? 
Crackles and wheezes may 
oedema. 

indicate pulmonary 
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o Hepatomegaly? 

Q Evldinci OlasCIlII, periphlral oedlma or a 
jugular pul .. ? 

a Always palpale the cenlell region of cats for thl 
prelinci of I Ihyrold mill. 

I FURTHER INVESTIGATION 

• Radiography 

Latlral and dOlSoVlnt", tho",', "dlograph, 

Check for: 

• Enbrgement of the cardiac silhouette 
• Evidence of pu lmonary venous congestion, 

oedema or pulmonary overcirculation (Ieh 
sided failure) or accumul:uion of flu id in the 
pleural space (right-sided failu re) 

Latlral ~ Vlntrodorul abdomina' 12dlog12phs 

Check for: 

• Hepatomegaly (passive venous congestion of 
the li \'er) 

• Increased d iameter of posterior vena cau 
• Ascites 

• Eleclrocardlography 

Elcctrocudiographic evidence of chOlmber 
enlargement should always be interpreted in asso
ciation with the radiographic findings. Signs o f 
left atrial and/ or left ventricular enlargement tend 
to be no n-specific; signs of right atrial/ventricular 
enlargement arc usually more significant (seen 
most frequently with tetralogy of Fallo! or 
pulmonic stenosis). The presence of cctopic 
supraventricular or ventricular complexes in an 
animal with a heart murmur generally indicates 
severe myocardial dilatation or hypertrophy and 
resultant myocardial hypoxia. 

• Echocardlography 

With cchocardiography it is usually possible to: 

• Ascertain the nature of the cardiac defect 
responsible for the murmur {with the excep
tion of the smail PDA)i 

• Assess chamber dimensions and thickness of 
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the left ventricular free wall and interventricu
b.t septum, i.e. it is possible to differentiate the 
dilated and hypertrophic forms of cardio
myopathy; 

• Assess myocardial contractili ty which is 
important for both prognostic and therapeutic 
purposes; 

• Detect abnormal valve formation and/or 
fu nction, and the presence of valvular or mural 
thrombi; 

• Detect the presence of pericardial fluid . 

• Angiography 

With the increased use of ultnsonography 
angiography is less frequently performed. 
O ccasionally it may be required to investigate a 
congenital cardiac defect when the results of 
echocardiography are equivocal. 

I Routine haemalology and 
biochemistry screening 

If the animal which has a murmur appears quite fit 
and he ... lthy there is probably no initial justifica
tion for submitting haematological specimens to 
the laboratory. Animals with cardiac d isorders are 
more likely to show haematological and/or bio
chemical abnorm.1lities if there is evidence of the 
following: 

• Right to left (reverse) shu nting of blood. 
Young animals with tetralogy of Fallot are usu
ally hyponemic and as a result may develop 
secondary polycythaemia. 

• Animals with congestive heart failure may have 
increased numbers of circulating normoblasts 
despite the fact they are not anaemic (presum
ably this also may be attributed to mild 
hypoxia resulting in erythropoietin-mediated 
stimulation of the bone marrow). Animals with 
significant pleural or abdominal effusions are 
often mildly hypoproteinaemic (hypoalbumin
aemic). 

• Renal function (urea, cre:Hinine and urine 
protein:creatinine ratio) should be checked 
in ani mals with dilated cardiomyopathy since 
reduced renal perfusion may result in prerenal 
azotaemia. Liver enzy mes (ALP and AL 1) 
may also be slightly increased due to passive 
venous congestion of the liver. 

• Dogs with subacute bacterial endocarditis may 
have a neutrophilia with or without a left shift, 
a monocyt?sis and increased plasma fi brinogen 
concentratIon. 

• Serum or plasma T3 and T4 assays 

TJ and T4 assays should be performed in all cau 
with cardiac murmurs. 

I REFERENCE 

Gompf, R.E. (l9SS) The clinical approach to hcm dis
U5e; History and physical t'Xaminat ion. In Canine 
and Frlinr Cardiology (Ed. P.R. Fox). Churchill 
Livingstone, New York, pp. 2~2. 

AvlOrSKO zas~ te 10 gradivo 



14 
-

Pallor 
J. K. Dunn 

Pallor of the mucous membranes may reflect 
ei ther dttrcascd red cell man, i.e. anaemia, or 
dccrc~d pcriphcn.\ perfusion as occurs with 
cudiogenic, hypovolacmic o r vuculogcnic shock. 
Card iogcnic shock implies a marked reduction in 
cardiac output duc to acute myocardi:1.I failure 
(pump fai lure) or as a result o f a tachydysrhyth
mia a55oci:IICd with myocardial dysfunction. 
H ypovolacmic shock occurs after acute blood 
loss (loss of 30--40% of total blood volume), 
severc thermal burns or crush inju riu (loss of 
plasma), or severe dehydration (resulting from 
either water deprivation o r mix«!. water and c1cc
tfolyu.·lou). In ~ulogcnic shock blood volume 
is normal bUI there is rdative hypovob.cmia as the 
volume of blood stored in the venous capacitance 
vessels incrc;l.ses. This type of shock may be medi
ated by neurogenic reflexes (e.g. trauma) o r may 
occur when there is loss of sympathetic tone 
(sympathetic blockade). Other causes include 
endotoxaemia, which results in the releue o f 
vasodilator substances such :15 histamine and 
vasoactive kinins, and adrenal insufficiency (an 
acute Addisonian crisis). 

I INVESTIGATIO N OF PALE MUCOUS 
MEMBRANES 

In most cases, the history and clinical examination 
will provide sufficient d ues for the clinician to be 
able 10 decide whether p;a.llo r is the result of 
anaemia or decreased periphcnl perfusion (shock) 
so the diagnostic ;l.pproach to each situalion will 
be d iscussed sCP;l.r;l.tely. 

I ANAEMIA 

An;a.emia is char;l.cterized by a decrease in the 
number of circulating erythrocytes, haemoglo
bin concentration and packed cell volume 
(I'CV). 

I Pathophysiology and clinical 
manllestations 

An absolute decreue in the number of circulating 
red cells may occur in three ways: 

I. Haemorrhage; 
2. Increased red cell destruction usually associ

ated with a decrease in red cell lifespan; 
J. Inadequate production of red cells by the bone 

marrow either as a result of reduced pro lirera
tion of red cell precursors (hypoproliferative 
anaemias) or the defective synthesis of haemo
globin or nuclear chromatin (matuntion defect 
anaemias). 

Anaemias due to haemorrhage or haemolysis are 
typically regenerative; hypoproliferative and 
maturation defect anaemias are non-regenerative 
(see section on cla.u ification of anaemias). 

The clinical signs associated with anaemia 
reflect the reduced oxygen-carrying cap;a.city of 
the blood (hypoxaemia) and also the V:l.rious 
physiological mechanisms which come into play. 
The severity of signs depends o n fo ur facto rs: 

I. Rate of onset and severity o f the anaemia, i.e. 
acute or chronic. 

2. The degree o f physiological compensation. 
Older animals arc generally less able to com
penUlt for severe reductions in blood volume 
and the effects of tissue hypoxia because the 
fe5 erve capacity o f their cardiovascular and 
respiratory systems is reduced. 

J. The degree of exertional stress to which the 
animal is subjected. 

4. The associ:l.ted effccu of any underlying 
disease which m:l.y be prcscnt. 

T inue hypoxia and decreased blood viscosity 
result in a reflex tachycardia On aU5Cult'ation, 
hean sounds may be accentuated and with most 
seyc:rc: anaemias (packed ctll vo lume (peV) usu
ally <0.15 II-I) a cardiac 'haemic' murmur dc:vel
ops. These low gf:l.de (usually no more than 216 or 
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3/6 in intensity), mid-systolic murmurs can be 
attributed to decreased blood viscosity 3nd 
increased flow velocity and arc audible over the 
leh cardiac apex. Such murmu rs usually disap~ar 
when the anacmia is correct(.'<i: failure to do so 
indicates concurrent cardiac p:lthology. 

With acute blood loss, Icft vcntricular functio n 
is suppresscd and signs of hypovolaemic shock 
predominate. Th(" arterial (fcmo ral) pulse 
becomes weak and rapid, and capillary refill time 
is prolonged (greater than 2 5). In an attempt to 
maintain tissue oxygenation the heart r.lte 
increases in order to increase cardiac output 
(cardiac Output==hcan rate x stroke volume). In 
addition, oxygen morc readily dissociates from 
haemoglobin and i~ taken up by tissues. In con
tr.lSt, with severe chronic anaemias or anaemias 
where blood is lost more slowly, fluid mO\'es 
from the tissues into the circulation thereby main
taining circulatory volume. The heart rolle in these 
cases may be normal o r only slightly elevated and 
the pulse pressure may be increased. The increase 
in cardiac outpUt is the resuh of an increase in 
stro ke vol ume brought about by ventricular 
dilatation and hypertrophy. In older animals with 
pre-existing hean disease this incrcase in cardiac 
workload may ultimately lead to myocardial 
decompcnsation and signs of congesti\'e heart 
fai lure. 

I INVESTIGATION OF ANAEMIA 

The main o bjecti ve of the initial investigations 
is to classify the anacm ia as citller regenerative 
or non -regenerative on the basis of the reticu
locyte count and red cell ind ices. The next Stcp 
involves accurately identifying the pathophysi
o logical mechanism or underlying disease 
process responsible fo r the anaemia. Having 
done this, the d inician should be able to pro
vide thc owner with a more accurate prognosis 
and in itiate an appropriate treatment pro
grnmme. 

I §~I HISTORY CHECKLIST 

a Age , breed and sel? 
Cen <1 in congenital bleeding disorders have <1 
higher incidence in cen ain breeds, e.g. von 
Willebr<1nd's disease in Doberman p inschers and 
German shcpherd dogs. Some bleeding disordcrs 
such as haemophilia A are sex-linked :and occur 

only in males. Affected animals may be expected 
10 show a bleeding tendeney at a relatively early 
:age. 

a Rate 01 onset? 
A rapid onset o f anaemia is highly suggestive of 
either haemorrhage or haemolysis, whereas 
anaemia which is more insidious in onset and fol 
lo ws a chronic course, especially if it is associated 
with fever or signs of recurrent infection, is more 
indicative of a primary bone marrow disorder, for 
example a myeloproliferntive or Iymphoprolifera
tive disorder. 

o Trauma? 
Consider the possibility of internal haemorrhage 
especially if there is a history of tnuma. 

o Evidence of sepsis? 
See comments above concerning !'ate o f o nset. 

o Exposure to tOlins 
Consider thc possibilit y o f exposurc to toxic 
drugs or chemicals, e.g. anticoagul:1I1t rodenti 
cides (e.g. warfarin), oestrogenic compounds. 
non-steroidal analgesics or cytotoxic agents (e.g. 
cyclophosphamide). 

o Evidence 01 utemal haemorrhage? 
Signs such :l!J epistaxis, haemoptysis. hacmateme
sis, haematuria or haemoglobinuria and melaena 
may indicate a more genel':llized bleeding ten
dency. 

o Lethargy. anofula , deplllsslon, weight loss , lever? 
These non-specifi c signs occur in most anaemic 
patients and are of little help in establishing a 
diagnosis. The severity of these signs depends on 
the severity and rate of onset of the anaemia. 

o Eurelse Intolerance, respiratory dlstlllss and/or 
syncope? 

The absence or presence of exercise illlolerance 
and syncope refl ects the severity of the anaemia 
and, mo re significantly, the rate of onset. Similar 
signs may be observed in animals with acute 
cardiogenic shock. 

o Evidence of othef systemic signs? 
The presence of systemic signs such as vomit
ing, diarrhoea, polydipsia and polyu ria sug
gests that an underl ying systemic or metabo lic 
d isorder is responsible fo r the anaemia (e.g. 
chronic renal insufficiency or hyp0J,dreno
cort icism). 
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1\001 PHYSICAL EXAMINATION 

The comments above regarding pathophysiology 
and clinical m;l.nifesu.tions of anaemia should be: 
considered. 

o Generalized weakness, 'lerclse Intolerance or 
siURI of respiratory dlstnu? 

An animal with a slowly progressive anaemia may 
appear quite bright and :lIen at rest and may show 
rC5piratory signs o nly when excited o r exercised 
whereas an animal which becomes acu tely 
anaemic may be expected to show signs of rcspira· 
tory distress (tachypnoea or dy5pn~a) 3t rcst. 

Q QUlllty and ratl ot arteri.1 pulll? 
Assess pulse rate (increased or normal?) and 
strength (weak or bounding ?). 

Q Tachytardl.? 

o CardIac murmur? 

Q Pyrexic? 
Fever indic:ucs an underlying infectious. inflam
matory or neoplastic disease process. Acme 
intravascular hacmolysis may be associated with 3 
febrile response due to relC3se of red cell pyrogens. 

Q jaundiced? 
The increased destruction of red cells may result 
in jaundice (consider acute intravascular haemo
lysis if jaundice is severe). 

o Evidence olecdlymotlc or petechial haemonflages? 
Check gingivae, conjunctivae. sclerae, external 
genitalia :lOd skin. especially areas where the skin 
is thin and more susceptible 10 tuuma, e.g. 
inguinal region for signs of haemorrhage. The 
most common cause of petechial and IXchymotic 
haemorrhages is thrombocytopenia. Reti nal 
haemorrhages may occasionally be detected by 
ophthalmoscopic examination in severely throm
bocytopenic animals. 

o Hepatomegaly or splenomegaly? 
Enlargement of the spleen and/or liver in an 
anaemic animal may be c:l.Used by extramedullary 
erythropoiesis, increased extravascular destruc
tion of opsonized red cells or platelets, or neo
plastic infi ltration (e.g. lymphoproliferative or 
myeloproliferative disease). 

a lymphadenopathy? 
Rule out lymphoma or systemic immune-medi-
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ated disorders such as polyarthrit is or systemic 
lupus erythematosus. 

a Abdominal pain/abdominal maillS? 
Rule out acute intra-abdominal haemorrhage. 
Splenic neoplasms. particul3rly haemangiosar
coma or lymphoma, occasionally rupture and the 
resuhant haemorrhage into the abdominal cavity 
may be pOientially life threatening. 

I INITIAL DIAGNOSTIC PLAN 

A minimal diagnostic plan for the investigation of 
anaemia should include the followi ng: 

• Full routine haematoJogical cxamin:llion 
including reticulocyte and platelet counts 

• Examination of a blood film for the presence 
of red cell parasites (Haemobartonella sp., 
Babesia sp.) 

• A complcte biochemical profi le. (A complete 
biochemical screen at the Department of 
Clinical Veterinary Medicine, University of 
Cambridge, includes urea, creatinine, glucose, 
alanine aminotransferase (AL 1'), aspartate 
aminotransferilSe (AST), alkaline phosphatase 
(ALP), gamma-gluramyl transferase (GG1'), 
crc;l.tine kinlSe (CK). c;l.icium, phosphate. 
sodium, potassium 3.nd chloride.) 

• Uri n;l.lysis 
• bteral radiographs of the thorax and abdomen 
• Cats should be scrcened for the fd ine 

leukaemia (FelV) and fe line immunodefi 
ciency (FIV) viruses, 

Based on the results of the above more specific 
tests to detect abnormalities in iron metabolism 
(sec below), abnormalities in blood clotting, red 
cell antibod ies (dir«t Coombs' test) and faecal 
occult blood may be indicated, Bone marrow 
aspiration or biopsy m;l.y help to define more 
accurately the cause of the anaemia. 

I lnle,p,elalion 01 haemalologlcal 
results 

Physlologlcal,ll,ralions 

When interpreting the red cell p3.rametets, consid
eration should be given to the age and breed of 
animal. The total red cdl COUnt, h;l.emoglobin 
concentration, packed cell volume (PCV) and 
tot111 plasma protein content arc generally lower 
in young animals less than 6 months of age, for 
example a PCV of 0.30-0.35 11-1 is not unusual for 
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a 3-month-old pup or kinen, although for the fi rst 
three weeks aher birth the PC V may be normal 
due to the increased size of the fed cells. During 
pregnancy the red cell count, haemoglobin con
centration and rev decrease before returning to 
normal during lactation. The same three parame
ters are increased in most greyhounds (peV 
0.5S-{).6O I I-I ); some poodles also have a high 
PCV due to the presence of macrocytic erythro
cytes. 

Art, factual "sulls 

Poor sample collection and handling may also 
influence haematological results. For example, a 
delay in transit o r exposure to high environmental 
temperatures may result in significant haemolysis 
which can lower the total red cell count, PCV and 
mean cell volume (MCV), and increase the total 
plasma protein concentration and mean cell haemo
globin concentration (MCH C). Excessive antico
agulant (e.g. EDTA) in the collcction tuM C2USed 
by the 2dd ition of an inadequ2te volume of blood 
can decrease the PCV and affe<;t the validity of the 
Me V and MC HC calcul2tions. Gross lipaemia 
may increase the haemoglobin concentration. 

Total plasma prot,ln concentration 

M05tlaboratories include the IOtal plasma protein 
(TPP) concentration as part of a routine haemato
logical examination. The TPP concentration 
should always be interpretcd in association with 
the pev. A low TPP concentration accompanied 
by a low r ev is indicOitive of ongoing or recent 
haemorrhage (laking into account the age-related 
changes described above). Severe dehydration may 
increase both the pev and TPP concentration and 
therefo re may mask the true degree o f anaem ia. 

R, tlculocyte counts 

Reticu locYles on a blood fi lm are best demo n
strated using a supravital stain such as new meth
ylene blue. O n routine Romanowsky-stained 
films, reticulocytes appear as large (macrocytic) 
cells with bluish/ pink (polychromatophilic) cyto
pl.um. Small numbers of reticulocytes, usually 
less than 1 %, are present in the blood of healthy 
dogs and cats. The presence of large numbers of 
circulating reticulocytes in response to haemor
rhage or haemolysis increases the meOin cel l 
volume (MeV) and indicates increased erythro
poietic activity. Thus regenerative anaemias gen
erally show marked anisocytosis and a variable 
degree of poikilocytosis. The magnitude of the 

reticulocyte response generally correlates with the 
degree of erythropoietic activity. After an acute 
haemorrhagic o r haemolytic episode reticulocytes 
do not appear in the circulation for up to 48-72 h, 
reaching maximal productio n by 7 days. 
Reticulocytosis may be classified as mild (1-4%), 
moderate (5-20%) o r m2rked (>20%). An 
increase in the number of reticulocytes is usually 
accompanied by a concomitant increase in the 
numbers o f circulating nucleated red blood cells 
(normoblasts). 

Inapproprl.'e rsd c,1! rflSpOnSl 

An inappro priate red cell response is one in which 
the numbers of normoblasts exceeds the numbers 
of reticulocytes present. Such a response may be 
an indicator of damage to the marrow stroma (e.g. 
myelopro liferative d ise.ue or myelodysplasia). A 
similar type of response may occur in dogs with 
congestive heart failure, presumably in response 
to chronic hypoxia, or with lead poisoning. 

R,tlcuJocyte Co",ctlon factors 

Prolonged stimulation of the erythroid marrow 
results in the release of younger, larger 'shift' 
reticulocytes which have a longer maturation lime 
and circulating half-life. The observed percentage 
of reticulocytes may therefore overestimate the 
degree o f marrow responsiveness at anyone time 
since it docs not take into account variations in 
circulating red cell numbers 2nd changes in 
reticulocyte maturation time. 

• Absolute reticulocyte count corrects for varia
lion in red cell number i.e. the degree of 

• anOiemla 

Aboolule m icu*y.e (W.II (><1 0" I· ') • 
~ % m ic .. locyla x RBC COlI nl (x l!)" ' · ' ) ><1 0 

An absolute reticulocyte count >60)( 10' I-I in the 
d.og (>50x l.O' I-I in the cat) is evidence o f a respon
sive anaemia. 

• Corrected reticulocyte count also corrects for 
variation in red cell number 

Con""" 
miculoc}"t. 
rou nt (%) 

A corrected reticulocyte count greater than I % is 
indicative of active erythro poiesis 

• Reticulocyte production index (RPI) applies 
a further factor to take into account the pro
longed maturatio n time o f younger reticulo
cytes. 
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RPI <1 indicates anaemia is non-regenerative 
RPI between t and 2 indicates crythropoietically 
active marrow, q;: blood loss 
RPt >2 iodie;!.(cs accelerated erythropoiesis; RPI 
» more consistent with hacmolysis 

rllts to detect ,bnorm,lIti,s In iron metabolism 
Different C:lUses of anaemia can lead [0 abnormal· 
ities in the transport, utilization, storage and dis
tribution of iron reserves within the body. These 
alterations in iron mcu.bolism may therefore be 
helpful in differentiating between the various 
causes of anaemia {panicularly non-regenerative 
anaemia}, 

Serum iron 
Iron measured in serum is bound [0 Ihe transport 
protein transferrin. Since haemoglobin synthesis 
takes precedence over the demands for other iron 
compounds, the haemoglobin pool of iron may be 
the last pool [0 show the effects of iron deficiency. 
For this reason serum iron levels begin to fall only 
when iron stores arc virtually depletro :tnd 
usually before anaemia develops. Causes o f low 
serum iron levels include chronic h:temorrhage 
(true iron deficiency), ponosyslemic shunts and 
anaemia associatro with chronic inflammatory or 
neoplastic disease processes (anaemia of chronic 
disease). With true iron deficiency the stores o f 
non-haem iron in the liver and bone marrow are 
depletro; with anaemia of chronic disease the 
stores o f non-haem iron are typically increased. 
The concentr.nion of serum iron, therefore, docs 
not on its own provide an accur.illte estimate of 
total body iron reserves. 

Increases in serum iron concentration occur 
with chronic haemolysis and in some cases of 
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aplastic or hypoplastic anaemia. The administra
tion of glucocorticoids can increase serum iron 
concentration in dogs. Normal values for serum 
iron in the dog are IOI±2Jllg d l-! (approx. 
18.1 ±4.1 J.lmoll-!). 

Totiliron binding capacity (lIBe) 
In normal animals transferrin is only one-third 
saturated with iron. T randerrin can be assayed by 
its ability [0 bind addit ional iron (unbound iron 
binding capacity; U IBC) and is measured in terms 
of iron conten! of serum after it has been s:tturated 
with iron (total iron binding capacity; TIBC). 
Hence serum iron+UIBC=TIBC. In most species 
the TlBC usually increases during the early stages 
o f iron depletion and precroes the fall in serum 
iron. In dogs the normal TIBC is JJ4±26 J.lg dl-! 
(approx. 59.8±4.7J.lmol I-I) (Smith, 1989) and the 
TIBC docs not change significantly with true iron 
deficiency. Anaemia o f chronic disease is associ
ated with low or low normal T IBe. 

Percenlage saturation ot tnlnmrrln 
The percentage saturation of transferrin is the 
ratio of serum iron to nBC (serum iro nffIBC) 
and may provide a more accurate indicator of an 
animal's iron status than either serum iron o r 
TIBC alone. Alterations in the ratio are summa
rized in Table 14.1. 

Serum terrilin 
Serum ferritin assays have been developed and 
validated for usc in the dog although they are not 
yet routinely available (Weeks et aI., 1989; 
Andrews t t ai., 1992). The concentration o f fer
ritin correlates well with the concentration of 
non-haem iron in the liver and spleen and pro
vides a reliable means of estimating iron stores in 
dogs (Weeks et al., 1989). Ferritin concentrations 
have been reported in normal dogs using an 
ELISA assay (Weeks ~t al., 1989). Serum ferri tin 
concentrations in 61 normal healthy dogs, deter
mined by using a double mo noclonal amibody 
:tssay. ranged from 80 to 800 ng ml-! (conven
tional units) with a mean o f 252 ng mlol(Andrews 
et al., t 992). Ferritin is an acute phase protein 2nd 

Tlbll14.1 Interpretation 01 serum iron. total iron binding capacity, percentage saturation of transferrin and ferrilin 
assays In the dog 

hflml'lr Chronic halmorrhagl Malmla 01 chronle dlllill Chronic llalmolpll 

Serum iron Decreased Decreased Increased 
Total iron birMhng capacIty Usually 00 slgruflcant change Decreased or low normal Decreased? 
% Transfernn saturation Decreased Decreased Increased 
FeHitin Decreased Increased Increased 
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any increase should be measured relative to the 
concentratio n of other acute phase proteins such 
as ceruloplasmin or haptoglobin. 

Bone malTow iron stOrtS 

Bone marrow iron (haemosiderin) stores can be 
stained with Prussian blue and provide a reason
able estimate of storage iron. 

A semi-quantitative assessment of bone 
marrow iron can be helpful in differentiating 
true iro n deficiency anaemia from the anaemia 

of chronic disease in which there is impaired 
rele;!.se of iron from bone marrow reticulo
endothelial slOres. 

I LABORATORY CLASSIFICATION OF 
ANAEMIA 

An;!.emi;!. may be cb ssiflcd morphologiC;l.lIy on 
the basis of the fed cell indices, i.e. mean corpus
cular volume (MeV), me;!.n corpuscubr haemo-

Table 14.2 Classification 01 anaemia based on ted cell motpholr>gy 

Morphological classilitalion 

Macrocytic. hypochromic 
(1l'lCreased Mev. decreased MCHC) 

Normocytic. oormochromlc 
(f1O(maJ Mev. normal MCHC) 

MacrocytIC. normochromic 
(Iocreased Mev. normal MCHC) 

Microcytic. hypochromic 
(decreased Mev. decreased MCHC) 

Ponlbl, uliology 

Haemorrhage or haemotysis. i e. regenerative anaemias 

FoUowiflQ acule blood loss before erythroid regeneration occurs 

Most non-regeneratIve anaflml3S caused by pumary or secondary taUure of 
erythropoiesIS, i.e. hypOproliteralive anaemias 

Myeloproliferative disease (e.g. erythraemic myelOSIS); Fel V Infection; ?vitamin 
B,/fOiate dellciency (nuClear maturatiOn delect anaemia) 

Iron dellciel)C)' anaemia due to chronic blood loss (cytoplasmiC maturation 
defect anaemia); portosys!emic shunts. anaemia 01 chronic disease 

Table 14.3 Normal haematologlcal parameters in the dog' 

Panmeter Units Normal rang, 

Totalled blood celIS (RBC) x 10'lJ-1 5.5-3.5 
Packed cell volume (PCV) It ' 0.37-0.55 
HaemoolObin (Hb) II dl-' 12-18 
Mean rorpuscular volume (MCVI " ro-77 
Mean corpuscular Ilaemoglobln (MCH) " 19.5-24.5 
Mean corpuscular Ilaemoglobln concentratiOn (MCHC) II dt"' 32-37 
RwculOcytes % 0-1.5 
Nucleated RBCS number/lOll WBCS 

Total while blood cell (WBC) )( 1~ 1-' 6-17 
Band neutrophils ..... 3 
Neut/Ophils 3-t 1.5 
lymphocytes 1-4.8 

M"""'I'" 0.2- 1.5 
Eoslnophlls 0.1-1 .3 
BasophilS 0 

Platelets )( 10' 1-' 175-500 

Plasma protein , t' SHO 

• Reference /anges vary WIth different IilboritoOes. The aboVe values are those of the Department 01 Clinical Veterinary MedICine (Central 
Orallnostic Servlus). Unlv!rslty of cambridge. 
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globin (MCH) and mean corpuscular haemoglo
bin concentlOl.tion (MCHC) as follows: 

• Macrocytic and hypochromic 
• Normoc)ftic and normochromic 
• Macrocytic and normochromic 
• Microcytic and hypochromic 
Some of the more common causes of e:tch of thest 
types of anaemia are given in Table 14.2. Normal 
hat'matological valut's for the dog and cat art 
given in Table 14.3. 

A!tt'rnati,'cly, anaemia can be classified on a 
pathophysiological and aetiologic:.ll basis taking 
into account the degree of bent marrow respon
siveness (regenclOI. tivc or non-regener.uive). 

The major differentiati ng features of regenera-
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• tive and non-r~enerative 
marized in Table 14.4. 

anaemias are sum-

I REGENERATIVE ANAEMIAS 

Regenerative anaemiu are caused by either haem
orrhage or haemolysis. They :.Ire characterized by 
increased numbers of large immature reticulo
cyles and nucleated red blood cells (normobl:.lsLS) 
in the circulation. As a result, examination 
of a blood film shows marked anisocytosis and 
the anaemia is typically macrocytic and 
hypochromic. It may be possible to differentiate 
between haemorrhage and haemolysis by the 
extem of the regenerative fe:.ltures and tOlal 

Table 14.4 Fealures of reoeneratwe and non·reoeneralive anaemias 

Feature Rilleniralive Non·rlileneralive 

Retlculocylosls I.e. ) 5% reticulocytes or evidence 01 polychromaSia Yes No 

Anisocytosis Yo. No 

PoikilocytosiS Yes No 

NormobiastoslS Yes Possible In myt!loproilleratlve 
disease or if damage to 
marrow stroma 

Increased numbels of Howell-Jolly bodies , No 
(especially cats) 

Increased numbelS of Heinz bodies , No 
(especially cats) 

Reactiw: leukocylosis y" No 

Table 14.5 Olnerenliating features 01 haemorrhagic artd haemolytic anaemias 

Haemorrhage 

Normocylic during first 48-72 h then macrocylic (MCV increased) 

Normochromic during fllSt 48-72 h then hypochromic 
(MCHC decreased) 

Moderate anlsocytosis:l: poiktiocytOSiS 

Moderate polychromasia artd reticulocytosis 

Decreased plasma proteins 

ThrombocytosiS (large shift platelets) 

MlCrocyt!dhypochromlC If iron stores depleted and progressmg 
to state of true Iron deficiency (ehronlc haemorrhage) 

Haemotysls 

As for haemorrhage 

As for haemorrhage 

Marked anlsocytosis.t poikilocytosis (eg. spherocy18S 
or SCh~tocyles) 

Marked polychromasia and reticulocy1osis 

Normal plasma proleins 

.t RBC parasites e.g Haemobartcwil.Jsp . 8ab!s~ sp. 

.tlncreased numbers of Hemz bOdies (paracetamol 
poisonmg) 
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plasma protein concentration (see Table 14.5). 
Regardless of the cause, most regenerative 
:an:aemias are :accomp.tnied by a reactive neutro
phili:a with a v.tri:able lef! shift. 

• Haemorrhage 
Acuf, h6,morrh6g, 
For the first 24 hours after an acute haemorrh.tgic 
episode the PCV does not reflect thedegreeofblood 
loss. Indeed most if nOt all the red cell par.lmeters 
m:loY initially be within normallimiu since red cells 
and piasm.t :lore lost in proportions similar to whole 
blood. In :Ioddition, splenic contr.lction may help 
offset any fall in pev. Only when compcnsatory 
mechanisms have expanded the blood volume 
(movement of interstitial fluid into the vascular 
space) will the typical laboratory signs of anaemi:a 
becomeapp:lorcnt, thedccrease in PCV usu.tlly being 
accomp:lonied by a decrease in total plasm:lo protein 
concentration. Since there is :10150:10 l:Iog phase of 24-

48 h in the production and release of reticulocytes 
into the circulation following blood loss, the 
anaemia initially appears normocytic. normo
chromic :and non-regenerative. Following :10 severe 
acute h:aemorrhagic episode it m:ay uke as long as 
2 weeks for the PCV to return to norm:al. The retic
ulocyu~ response is frequently accompanied by a 
neutrophilic leucocytosis and left shift especially 
;dter haemorrh:loge into a body cavity. PI:atelet num
bers:aJ50 increase and large granular 'shift' pl:ateleu 
are released into the circulation. 

Chronic h6,morrh,g, 

Chronic blood loss gr:adu:ally resulu in depletion 
of bone m1trow iron stores and ultimately an 
iron-deficient sute. As iron stores become 
depleted the reticulocyte response diminishes. 
The anaemia progresses through a normocytic 
phase as reticulocyte numbers decrease bccoming 
microcytic, hypochromic :and non -regenerative 
once iron stores h;ave been exhausted completely. 
Thrombocytosis is a rel:Hively consistent fe:lolure 
of chronic haemorrhage, for example, pl:lotclet 
numbers in dogs with bleeding gastrointestinal 
tumours may exceed 1000 x 10' 1-1. The most com
mon causes of acute :and chronic haemorrhage arc 
listed in Table 14.6 . 

• Haemolysl. 
Haemolytic anaemiu can be c1usified on a patho
physiological basis u intrinsic or extrinsic. 
lnln'nsic haemolytic annemias arc exceedingly rare 

TableR6 causes 01 acute and chronic haemorrhage 

Acute haemontlagl 

• Following trauma or surgery 
• Bleeding oastrolnlestmat ulcers Of tumours 
• Renallbladder neoplasia 
• Rupture of large 'lUCul.1r splenic tumours, eg naem· 

angiOsarcoma or lymphoma 
• Conoemtal defects m haemostasis, e g von Willebrancfs 

disease, haemophiha A 
• Acquired delects In haemostasls, e g wariann poISOfIIng, 

severe li'l'er disease, Die, Immune-mediated thrombo",,,.." 
• ParaSites, e.g hookworms. Hiemonchus sp. Coccidia 

$p. 

Chronic lIalmontlage 
• OngOing blood loss Irom any 01 the above causes 
• Heavy lice and Ilea lnlestalions: hookworms 

and arc associ:loted with an inherent metabolic 
defcct in the red cdl, e.g. red cell pyruvate kinase 
deficiency in Basenjis and red cell phosphofructo
kinase deficiency of springer spaniels. Extrinsic 
haemolytic anaemiAs involve external factors that 
render the red cell or red cell membrane abnor
m:aJ, e.g. drugs or red cell parasites, or antibodies 
directed against the red cell membrane, the net 
resub being a reduction in red cell lifespan. Red 
cells :are destroyed extravascularly in the liver, 
spleen or bone marrow, or intravascularly (or by a 
combination of both mcchanisms). 

Autoagglutination of red cells or a positive 
direct Coombs' test arc indicative of immune
mediated haemolysis, The m:tjor causes of extrin
sic haemolytic :anaemi:t :are summarized in Table 
14.7. The pathophysiology, diagnosis and 
man:tgement of immune-mediated haemolytic 
anaemia :and other causes of haemolysis arc 
discussed at length in Chapter 45. 

Fragmentation or miero-angiopathic haemolytic 
anaemias :are chaf1lcterized by the presence of 
schistocylCs (ff1lgmented erythrocytes). Red cells 
.tre c\e:loved :Iond fragmented as they pass through :a 
meshwork of fibrin in the microvascul:loture (e.g. 
disseminated intravascular cO:logulation) or the 
abnormal vasculature channels comprising large 
p:arenchymalous neoplasms such as splenic 
h.temangiosarcoma. 

I NON·REGENERATIVE ANAEMIAS 

A non-regener:ative an:loemi:a is defined as an 
anaemi.t of gre:lo ter th.tn five days duration with an 
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, .at 14.7 causes 01 extrinsic haemolytic: anaemia 

Imm .... -medlated 
• Intravascular haemolysls: otten via activatIOn 01 complement attached to IgM anll~ 
• ExtIavaSCUla1 haemo/ysis, Irequenlly loG antibodie5 diretted against red cell membrane 1 complement (eJ) aCllvatlon 

Pnmary 
• IdiopathIC autOimmune haemolytic anaemia 

Secondary 
• Associaled with myeloprohteralJVe or tymphoproliteriitlVe disease red cell parasites 
• Red cejl parasites. e,g. HdMlObJrtondJ.J sp . 8db4msp 
• Drug-induced 
• Neonatal isoerythrolysiS 

Odd.lllum .. , tD retI celli 

• Paracetamol to:dCitY resultmo in HlHnz body haemolytic anaemia 

Inhdlo"I,'nts 

• Leptospirosis (Leptospita icterolJaemorrlJdglal!j 

PoISOIO" pllnts 

• Onion loxltrty (dogs) 

.ilall ....... 

• lead poisom/lO (dogS) 

inappropriately low reticulocytc count. Non
regenerative anaemias can be classified as either 
hypop:cliferative anacmias o r matun.tion defect 
anaemla5. 

I HYPOPROLIFERATIVE ANAEMIAS 

Most non-responsive anaemia5 in small animals 
are normocytic. normochromic hypoproliferative 
anaemias and arc insidious in onset_ Failure of 
erythropoiesis may be the result of a primary 
bone marrow disorder or more commonly it is a 
lCCondary manifestation of some other disease 
p rocess (fable 14.8). 

Prlngry flllu" of ,rythropol,sls 

Hypoproliferative anaemias due to primary fa; l
ure of erythropoiesis occasionally arc the result of 
a selective depletion of erythroid precursors only. 
More commonly, however, the anaemia is accom
p;mied by a concurrent cytopenia (neutropenia or 
thrombocytopenia) or in some cases a deficiency 
of all marrow-derived blood cells in the circula
tion (true pancytopenia). Such anaemias arc 
generally severe (PCV <0.10-0.15 I 1_1) although 
clinical signs relating to the anaemia may o nly b~ 
not~d by the owner at a late stage in the progres-

sion of the disease. Serum iron concentrations 
may ~ increa5cd and a bone marrow aspirate 
andlor trl:phine biopsy is usually necessary in 
o rder to obtain a definitive diagnosis (see Chapter 
45 for a discussion of specific causes). 

Second"y ,,/lure o/,rythropol,sls 

The anaemia which occurs in assoc.iation with 
numerous inflammatory, metabolic and neoplas
tic disorders is caused. by a mild, selecti\'1: depic
tion of erythroid precursors (fable 14.7). The 
anaemu. of infUmmatory disease is usually mild 
to modl:rate in severity (PCV often 0.20-0.35 11-1

) 

and may be accompanied by an inflammatory 
blood picture (e.g. neutrophilic leucocytosis). 
Increased numbers of leptocytes (target cells) may 
be present. The palhogenesis involves a defect in 
iron metabolism which results in the relative 
unavailability of iron for red cell precursors. 
Serom iron concent:ratio n may be normal o r 
decreased although bone marrow examination 
frequently shows abundant hacmosiderin 
deposits in marrow macrophages. Thus, evalua
tion o f a bone marrow aspirate for iron may help 
differentiate the anaemia associated with inflam
matory disease from that associated with true iron 
deficiencr; although both ~re associated with .Iow 
serum Iro n concentraliOns, marrow Iron 
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Table 14.8 Causes of non-regenerative anaemia 

Primary causes Secondlry cauus 

• Pure fed cell aplasia/erythroid hypoplasia. • Chronic inflammatory disease or neoplasia (anaemia of chronic disease) 
Ie selective depletion of red cell precursors 
In the bone marrow 

• Renal disease 
• Chronic liver disease 

• Aplastic anaemia, Ie. gentralizedbor.e 
marrow suppresSion "fleeted in blood as a 
pancytopenia. Pancytopenia may also be 
caused t:1t dlttuse mfiltration of tne bone 
marrow with r.eoplasllc cells (myelophthiSiS) 
resuftlrtg In suppression of nDfmal 
haemopolesis. 

• Endocnr.e disorders, e.g. hypoadrenacortlCIStn (Addison's disease). 
hypothyroidism 

• Myeloproliferallve disease (MPD). e.g. acute 
myeloQenous or chronic granulocytic leukaemia. 

• Lymptloproliterative disease. ego multicentric 
lymphoma (WIth bar.e marrow involvement). 
acute Iymphoblastk: or cttroniC Iympllocytic 
leukaemia and plasma cell myeloma. 

• Myelo!lblosis (Infiltration of bar.e marrow with 
fibrous tiSSue) 

• MyelodVSPlasla (pre leukaemia or atypical 
MPO); In the cat myelodysplaSia IS often 
associated WIth ~LV infectJon 

(haemosiderin) stores will be severely depleted o r 
even absent with the laner. The anaemia associ
l\lW with inflammatory and neoplastic conditions 
is often referred to eollcctively as the anaemia of 
chronic disease and is the single most common 
cause of anaemia in small animals. Other mecha
nisms of anaemia associated with malignancy 
indude haemorrhage, myelophthisis, dissemin
ated intravascular coagulation and haemolysis. 

• Maturation defect anaemias 

Maturation defect anaemias are relativd y rare. In 
COntraSl to hypopro liferative anaemias the bone 
marrow is usually hypercellular with increased 
numbers of red cell precursors. H owever, because 
either nuclear or cytoplasmic maturation is 
abnormal, erythropoiesis is ineffective and the red 
cells arc not readily released illlo the ci rculation. 
Examples of cytoplasmic mati/ration defect 
an"emias include ( I) the microcytic, hypo
chromic anaemia associated with iroll deficiency 
(chro nic blood loss) and le3d poisoning. With 
nuclear maturation defecl anaemias the produc
tion o f large megalobl3Slic red cell precursors in 
the bone marrow is reflected by the appearance of 

macrocytic, normochromic erythrocytes in the 
peripheral blood. Megaloblastic anaemia may 
occur in cats in association with Fel V infection; 
in dogs megalobla$lo$is has been a$$ociated with 
prolonged therapy with anticonvulsive agcnu 
(phen)' toin, phenobarbitol and primidone) and 
folate antagonists (methotrexate and trimetho
prim), and a folate-responsi,'e macrocytic 
anaemia occasionallv is associated with small 
intest inal malabsorption, neoplasia, liver d isease 
and prolonged anorexia . 

I THERAPY OF ABNORMAL 
ERYTHROPOIESIS 

The prime aim of treating any anaemic patient is 
to identify and treat any underlying d isorder that 
may be present. The treatment of hypoprolifera
tive anaemias due to primary bone marrow disor
ders is to a large extent supportive and consisu of 
whole blood transfusion or transfusion of packed 
red cells and anabolic steroids, although some of 
the mreloproliferative disorders require more 
specific thcrapy. Where an immune-mediated 
pathogenesis is suspected, immunosuppressive 
agents arc indicated. I ron supplementation is indi-



Cllted o nly fo r cas~s o f confirmed iron deficiency 
(mo re sp«ific d~tails are gi\'en in C h"pter 45). 

I CAR DID VASCULAR CAUSES DF 
PALLDR 

P3.lIor o f th~ mucous membran~s m3.Y b~ associ
atcd with poor peripheral perfusion :m d/ o r 3. 
marked reduction in cardiac outpUt. Since card iac 
output is a function of stroke volumc and hean 
rate, disorders that decrease st roke volume or 
cause a marked decrease in hean rone may lead to 
a clinically significant reduction in cardiac outpUt. 
Causes of decrC3Scd stroke \'o lume include 
myocardi.:l1 failure (decrc.ued myocardial con
tractility), pericardial effusion. peripheral 
v:uod ilation (e.g. overzealous administratio n of 
v3.sodilating agents) and shock (e.g. hypovolaemic 
shock 3.ssociatc(1 with acute h:l.enlOrrh3.gc or 
hypoadrenoconicism). Sevcrc d is turb3nces in 
cmliac rhythm such u :l. tnai fib rillation o r 
v~ntricular tachycardia may also result in a 
marked decrease in cudi:;!c outpUt. 

I Investig atio n of cardiovascular 
causes of pallor 

Where poor peripheral pcrfusion is the result of 
primary myocardial failur~ (dil :l. led cardiomyopa
thy) or 3 severe lachydysrhythmia animals may be 
eXp«ted to show signs :l.uribut3ble to lo w OUtput 
('forward') cardiac f:l.ilure and congestin ('back
ward') cardiac failure. Signs of low output f3.ilure 
associated with myocardial failure include exer
cise intolerance, syncope, tachycardia and a w~ak. 
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rapid an erial pul«. A cardiac murmur is fre
quently present. Anaemic o r hypovolaemic ani
mals may exhibit simi\;!.r clinical s igns, ho wever 
such animals usually have no preceding hislOr), o r 
signs of 'backward' failurc such as a cough, pul
monary oedcma or pleural effu sion. D ogs with 
pericardial eHusion frequently have :I. history of a 
rapid o nset of ascites :l.nd laboured respirat ion. 
H ean sounds may be muffled o n auscultuion. 
H 3.ving establ ished, on the basis of rout ine 
haematolog),. that the animal is nOI anaemic. 
thon cic and abdominal ndiognphy, electrocar
d iography and, if avail:lble, echocard iography 
should be performed to ucen ain the nature and 
«verity o f card i:l.c dysfunction. The plasm3. co n
centrat ions of sodium and poussium should be 
determined and if necessary an AcrH rcsponse 
Icst perfo rmed to ru le out hypoadrenoconicism 
(Addiso n's d isease). 

The management of myocard i31 f:l. ilure, peri
cardia! effusion. hypoadrenoconicism and shock 
is dealt with in Ch~p ters 34 and 39. 
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Cyanosis 
J. K. Dunn 

Cyanosis refers to the bluish discoloration of the 
skin and mucous membranes caused by exccssh'c 
levels of reduced (deoxygenated) haemoglobin in 
the blood. Cpnosis therefore implies that an ani
mal is hypoxaemic, i.e. has a reduced partial pres
sure of oxygen in arterial blood (PaC:) and that, as 
a resuh, less oxygen is available for the body tis
sues (hypoxia). Conversely, the absence of visible 
cyanosis does not mean that a degree of cellular 
hypoxia is not present since cyanosis only 
becomes appOlrcnt when the mean capillary con
cemr3.tion of reduced haemoglobin exceeds 5%. 
Furthermore, cyanosis may hI! masked in severely 
anaemic patients since, although the proportion o f 
reduced haemoglobin rdative [0 the IOtal haemo
glo bin concentration may be quite larg~, th~ 
absolutt amount of reduced ha~moglobin will be 
small and insufficient to c:!u s~ cyanosis. For the 
same re::r.son, cyanosis m:!y be more apparent in 
animals with severe polyeythaemia. Despite hav
ing higher than normal arterial oxygen saturation, 
localized passi,'e venous congestion in these cases 
rcsults in increllSed levels o f reduced hacmoglobin 
in the \'esscls supplying a given area. 

I Pathophysiological mechanisms for 
cyanosis 

• Arterial hypoxaemia. Normal arterial oxygen 
saturation (9)--97%) is maint:!inw:!t sca level 
by a Pao

1 
of 85-100 mmHg; a decrease in 

arterial PaOz lcads to decreased POl in c:!pillar)' 
blood. 

• IncreOlsed extraction of oxygen from c:!pillar)' 
blood. 

• Increased concentration of poorly oxygenued 
blood in cutaneous vessels due to passive 
veno us congestion (sec Chapter 16 on hyper
aemia and congestion). 

• Increase in the concentr:lIion of circul:1!ing 
:1bno rmal haemoglobin pigments, e.g. 
methaemoglobin or sulphhaemoglobin. 

I CENTRAL CYANOSIS 

Central cyanosis involving the skin and mucous 
membranes is caused by arteri:!1 hypoxaemia or 
less frequently by circulating abnorm:!1 haemo
globin pigments. For c),:1nosis to become clini
c:1lly :1pp:1rem PaOz must be less than 50% which 
corresponds to an arterial oxygen saturation of 
:!pproximately 80%. 

• Arlerlal hypoxaemla 
There arc a number of C:luses o f OIrterial hypox
:!emia including the following. 

The oxygen concentration in inspired ai r m:!y 
be reduced, for ex:!mple at high altitudes or due to 
:1naesthetic error. 

Alvw lar hypoventilation is :!lways :lSsociated 
with an increase in PaOz which results in respira
lOry acidosis if severe. Possible causes of 
hypoventi lation include drug-induced central 
nervous system depression (barbituales, mor~ 
phine, muscle rcl:lxants), damage to the r~spira ~ 
tory (omrol centre in the brainstcm (trauma, 
haemorrhag~, inflammation) or severe trauma to 
the cervic:!l spin:!l cord, trauma to the chest wall, 
neuromuscular disease (e.g. myasthenia gravis) 
resulting in paralysis of the respiratory muscles, 
severe upper airw~y obstruction (laryngeal 
oedema or paulysis, tracheal collapse, tracheal 
foreign body) o r bronchoconstriction (fcline 
allergic bronchitis). 

The impaired diffusion of oxygen between 
alveoli and haemoglobin in capillary blood is 
probably a leu important cause of cyanosis 
because the diffusion reserves of normal lung 
tissue are enormous. Under resting conditions 
the POI of capillary blood equilibrates with Poz 
of the alv~olar gas very rapidly. This occurs 
when the red cell is only about one third of its 
way along the capillary and any difference 
between alveolar gas and end~capillary blood 
POJ is unmeasurably small. A large part of this 

Avtor 0 ;..as_ e 10 gradivo 



diffusion r~s~rn is utilized during strenuous 
~xercise when increased pulmonary blood flow 
reduces the time for oxygen [nosfer. However, 
Paol usually only falls und~r such circum
stances if additional factors come into play, e.g. 
at high altitudes wh~re the Pol of the inspired 
air is lower or if the alveolar-capilJary mem
brane is thickened by a dis~ase proc~ss, for 
example alveolar destruction, severe pulmonary 
fibrosis. or inflammatory or neoplastic pul
monary infiltrates. With diffusion impairment 
Pa02 is usually not increased and may be 
decreased if the hypoxaemic state stimulates 
hyperventilation. 

Ventilation-perfusion mismatch or inequality 
occurs when a poorly ventilated area of lung is 
perfused. The result is inefficient gas exchange 
and arterial hypoxaemia. This common cause of 
hypoxaemia occurs with most severe pulmonary 
parenchymal diseases invo lving the interstitial 
tissue and/or alveoli, e.g. pulmonary oedema, 
bronc.hopneumonia, aspiration pneumonia, pul
monary thromboembolism, atelectasis, pul
monary contusion and shock lung (adult 
respiratory distreS5 syndrome). 

Right to left cardiovascular shunts occur in 
some congenital cardiac defecu in which non
oxygenated v~nOU$ blood from the right heart 
mixes with oxygenated blood returning to the 
left side of the hC2rt without entering the pul
monary circulation. Examples include tetralogy 
of FaUol, Eisenmenger's syndrome and reverse 
shunting ventricular septal defects (VSD). A dog 
with a reverse shunting patem ductus arteriosus 
(PDA) may show differemial cyanosis of the 
posterior extremities only because the shunted 
non-oxygenated blood emers the aorta after the 
bifurcation of the subclavian vessels. Other con
genital heart disorders which result in cyanosis 
are associated with a degree of pulmonary 
artery outflow obstruction (pulmonary stenosis) 
o r pulmonary hypertension. or both. The 
c.yanosis is invariably exacerbated by exercise or 
excitement. Cyanosis due to a right to left 
cardiac shum may be differentiated from thai 
associated with severe primary lung disease by 
administering 100% oxygen; the cyanosis due to 
cardiac shunts is usually unaffected whereas 
cyanosis due to lung disease may be expected to 
decrease. 

Intrapulmonary arteriovenous shunts or 
fistu lae develop with severe lobar consolidation 
where a lung lobe is still perfused but under
ventilated (see ventilation-perfusion mismatch 
above). 
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I Circulating abnormal haemoglobin 
plgmenls 

Central cyanosis may be associated with circu
I;uing abnormal pigments. Congenital haemo
globinopathies arc extremely r:lre in sm3.11 
animals. One case of exercise intolerance associ
ated with an abnormal haemoglobin has been 
reponed in a dog Gones et ai., 1978) and congeni
tal mcthacmoglobinaemia has been reported in 
dogs with a hereditary deficiency of the enzyme 
mcthaemoglobin reductasc (Harvcy t!t al., 1991 ). 
Methaemoglobin is produced when haem iron is 
oxidized to the ferric state and is unable to bind to 
oxygen. Acquired mcthaemoglobinaemia occurs 
if haemoglobin is exposed to oxidant chemic:lls 
such as paracetamol, nitrates, nitrites, benzocaine, 
phenacetin, anilidine dyes, phen:lZo pyridine and 
certain sulphonamides (sulphanilamide, sul
phathiazole and sulphapyridine). Cau :lore espe
cially sensitive to the effects of oxidant chcmicals 
since they arc deficient in the enzyme glucuronyl 
transferase and are unable to conjugate these 
drugs with glucuronic :lcid in the liver. 80th 
phenacetin and acetanilid can cause methacmo
globinaemia and sulphhacmoglobinaemia in cats, 
3.nd in the dog onion toxicity can produce 
methaemoglobi naemia. 

I PERIPHERAL CYANOSIS 

Peripheral cyanosis is the result of a circulatory 
disturbance in peripheral vascular beds; cyanosis 
is therefore restrictcd to the extremities. Although 
the Pao, is usually normal, the PO, at the venous 
end of the capillary bed is reduced. 

Causes of peripheral cyanosis include: 

• Periphcral vasoconstriction in response to cold 
or as a compenS:ltory mech:lnism in congestive 
heart failure; 

• H ),povolaemic shock; 
• Localized arterial obstruction by thrombo

emboli, e.g. reline cardiomyopathy, bacterial 
endocarditis and other hypercoagulable states 
such as glomerulonephropathy, hyperadreno
conlClsm, dirofilariasis and cold 3.gglutinin 
disease. 

• Localized venous obstruction (e.g. due to 
thrombophlebitis) or venous stasis where slug
gish capillary blood flow results in increased 
oxygen extraction (e.g. polcythaemia or acute 
myocardial failure resulting in cardiogenic 
shock). 
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I Clnlcal signs assoclaled with 
cyanosis 

The clinical signs which accomp:my cyanosis 
reflect the underlying cause for the cyanosis. In 
most cases cyanosis is associ;lIcd with severe res
piratory d istress which may be due to acute upper 
airway obstruction, decompens;lIcd congestive 
heart fail ure o r severe pul monary disease (sec 
other sections of this book for a more detailed 
description of the clinical signs associated with 
each of these conditions). 

I INVESTIGATION OF CYANOSIS 

I §~I HISTORY CHECKLIST 

o Age? 
If thc animal is young, cyanosis is probably the 
resul t of a congenital cardiac defect associated 
with a right to left cardiovascular shunt. In 
older animals congestive heart failure or severe 
pulmonary disease arc mo re likely causes of 

• CylnOSIS. 

o Breed? 
Trlcheal collapsc, congestwe heart hilure due to 
mitr;11 insuffi!;if:nf:Y and chronic brOfl!;h itis arc 
conditions which ha\'c a higher incidence in small 
or lOY breeds. 

o Trauma? 
Severe damage to chest wall and/ or pulmonary 
parenchyma rcsulting in pulmonary contusion o r 
severe pneumothorax. 

o Drug administration? 
For eXlmple plracetamol or other oxidlnt drugs. 

o Syncope or abnormal gait? 
True syncopal episodes arc suggestivc of he:m 
disease or acute respirltory obstruction. Episodic 
weakness associatcd with collapse can be caused 
by gener;1l ized neu romuscular problems such as 
myasthenia gravis. 

1",1 PHYSICAL EXAMINATION 

o Severe respiratory distress? 
Inspiratory stridor is indicati\'e of upper airway 
obstructive disease whereas expiratory dyspnoea 
is more suggestive of lower airway disease (see 
c;J.uses of arterial hypoxaemia). 

o Pale mucous membranes? 
Pale mucous membr;1nes may indielle poor 
peripheral perfusion (e.g. due to myocardial 
failure) or anaemia (e.g. Heinz body haemolytic 
lnaemia due to paracetamol poisoning). 

o Cardiac murmur? 
Cardiac murmurs may be c2used by primary 
he2rt d isease or severe anaemia. A murmur may 
not be audible with a reverse (right to left) shunt
ing patent ductus arteriosus or ventricular septal 
defect. 

o Hindlimb paralysIs (unilateral or bilateral )? 
Cats with cardiomyopathy arc susceptible to 
thromboembolic dise2se. Formation of a 'saddle' 
thrombus at the bifurcation of the twO iliac 
arteries results in severe hindlimb weakness and 
the pads of the affected limbs become cyanotic, 
pale and cold. 

o Advenlitlallung sounds such as crackles or 
wheezes? 

See pulmonary causes of arterial hypoxaemia. 

I INITIAL DIAGNOSTIC PLAN 

• • A mmnnum 
following. 

database should 

• Haemalology 
MBlhaemogiobinaBmia? 

include 

Check a d rop of blood on filter paper (methaemo
globin stains filter paper brown). Oxygen bub
bled into a test tube containing blood from a 
pltient with suspected methaemoglobinaemia will 
not produce oxyhaemoglobin and its associated 
red colour. 

Polcythaemla? 

Right to left cardio\'ascular shunts resu lt in 
chronic hypoxia and increased erythropo ietin 
secretion by kidneys. 
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Increased numb,,, of H,'nz bodl,s and anaemic 

The presence of incre.ased numbers of circul.ating 
H einl, bodies is highly suggestive o f pancet.lmol 
po isoning. Note that normal healthy cats can have 
up to 10% Heinz bodies. 

• Thoracic radiography 

• Abnormal cardiac sil.C/ shape, e.g. cardio
megaly (left-sided, righHided or genenlil.ed)? 

• Evidcnce of pulmonary overcircu lation or 
oedema? 

• Ch.angcs involving pulmonary parenchyma? 
• Evidence of a tracheal foreign body? 

• Bronchoscopy 

Bronchoscopy is indicated if signs of upper ai r
way obstruction arc present to e\';llua((~ the upper 
airways and if necessary remove a tracheal fo reign 
body. 

• Electrocardiography 

Most congenital hean disorders resulting in 
cyanosis arc usociated ei ther with right to left 
shunts o r a degree of pulmonary outflow 
obstruction and/or pulmonary hypenension 
which results in changes on an ECG consistent 
with right ventricular enlaq;ement, e.g. deep S 
waves in leads I, II and III , o r deep Q waves in 
leads I. II, III and aVF. Severe chronic pul
monary diseue can also result in secondary pul
monary hypen ension and right ventricular 
hypenrophy (cor pulmo nale). 

• Echocardlography 

Echocardiography is indicated to establish the 
nature of the congenital cardi:l.c defect and to pro
vide an assessment Qf myocardi:l. l contractil ity. A 
'bubble' srudy o r Doppler echocardiograpby can 
be used to confirm the presence of a right to left 
shunt. 
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• Arterial blood gas analysis 

• Normal or decreased PaOl ? 
• Normal or increased P'lcol ? 

• Angiocardiography 

A non-selective angiogram performed via a 
cephalic or jugular vei n injection may help 
confirm the presence of a right to left shunt if 
echocardiography is not available or the results 
are inconclusive. 

I THERAPY 

Initial treatment of cyanosis is symptomatic 
with the main ai m being to improve short-term 
survival. Symptomatic treatment Ill"y include 
relieving the upper airway obstruction (tra
cheostomy if necessary), administration of oxy
gen vi" an intnnasal tube or face mask. and the 
usc of bronchodilators. Specific treatment 
should be directed :l.t the underlying cause; for 
example, diuretics, positive inotropic drugs, 
\,asodilators and possibly anti-arrhythmic "gems 
may be used to treat congestive hean fai lure 
due to dilated cardiomyop:uh)'. 

Paraceumol poisoning requires prompt and 
specifi c treatment in the form of aatylcysuine 
(140 mg kg-I body weight orally o r intnvenously 
as .a 5% solution, then 70 mg kg-I body w~ight 
every 4 hours for thr~e to five treatments). Other 
drugs have proved useful in the treatment of 
methaemoglobinaemia namely: 

• Sodium sulphate: 50 mg kg-' body weight given 
as a 1.6% solution every 4 hours for a total o f 

• StX treatmcnts. 

• Methy/me b/'le: 1- 2 mg kg-I body weight given 
as a 1% solution intravenously over a 5 min 
period and repeated as necess;try or orally at :I. 

dose of 100-JOO mg kg-I body weight d;ti ly. In 
toxic doses methylene blue may induce Heinl, 
body form:ttio n :tnd intravascular hacmolysis. 

• Cimetidine: initially 10 mg kg-I body weight 
orally then 5 mg kg-I body weight every 6 h for 
48 h.. 

• Ascorbic add: JO mg kg-' body weight orally 
ever)' 6 h for seven treatments. 
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Hyperaemia and Congestion 
J. K. Dunn 

The terms hypu:lcmia and congestion refer to an 
increased volume of blood in an affccted tissue. In 
the context of a physical examination hyperaemia 
or congestion causes the affected tissues (mucous 
membranes, skin or sclerae) to appear redder than 
norm.,,\' 

A ctwt hyperaemia occurs when arterial o r 
arteriolar dilation produces an increased fl ow o f 
blood through apiUary beds. Hyperaemia may 
be localized and involve the opening o f capill:lries 
which arc normally inactive. The reclness which 
occurs as a component of the acute inflammatory 
response is the result of sympathetic stimul:nion 
and/or vasoactive substances which are released 
locally. More generalized hyperaemia :lnd flu sh· 
ing of the skin and mucosae occurs when body 
heat must be dissipat~d for ~xampl~ in f~bri1~ 
states o r strenuous exercise. or it may refl ect a sys
t~mic disord~r such as polyrythaemia (see 
Chapter 45). The accompanying clinical signs 
reflect th~ und~rlying cause. A febrile animal, 
almost certainly will show non-specifi c signs of 
lethargy, d~press ion, anorexia and possibly also 
weight loss if the pyrexia is sustained for a few 
days. In addition the animal may shiver in an 
attempt to conserve h~;at and raise the core body 
temperature to the new, raised thermoregulatory 
set-point, or may pant in order to dissipate excess 
body heal as the fever subsides. 

Dogs with absolute polycythaemi;a (primary or 
s~condary) have an increased red cdl mass and as 
a result there is sludging of red cells in the small 
capi llaries. The hyperaemia which dcvdops is 
therefore active but also has an inactive compo
nent (see congestion below). A rare cause of gen
er:liized hyperaemia is phaeochromocytoma. a 
catecho lamine-secreting tumour of the adrenal 
medulla, which has been reported to cause inter
mittent blanching and flushing of the skin. 

The term injecttd is sometimes used to refer to 
the eongested scler:ll blood vessels which occur 
with episcleritis, glaucom:l. ker.atoconj unctivitis 
and anterior uveitis. 

Passive hyperaemia o r congeltion occurs as :I 

result of obstruction of blood flow from a given 
area, i.e. impaired venous dr.a in:lge. Congestion 
imparts a bluish-red discoloration to the affected 
area, the bluish tinge being due to an increase 
in deoxygenated haemoglobin in the blood 
(cyanosis). The most common cause of systemic 
congestio n is hean fll-ilure (congestive heart fail
ure) which resulu in damming back of blood 
through the left or right side of the heart (or bo th) 
into the venous capacitance vessels. Congestion 
may occasionally be localized, for uample if the 
return of venous blood from an extremiry is 
obstructed by a large neoplas tic mass. The 
incre3Sed hydrostatic pressure which devdops in 
the affected area of tissuc with bo th localized and 
systemic congestion contributes to the de\'elop
men! of oedema, hence congeSiion and croema 
often exist together. For example, left -sided con
gcstive hean failure leads to pulmonary conges
tion and o~dema; right-sided congestive hean 
fa ilu re is :lssocialed with passive venous conges
tion of the liver, ascites, oedema of the extremities 
and pleural and pericardial effusion. 

I INVESTIGATION OF HYPERAEMIA ANO 
CONGESTION 

Localized hypcr.aemia o f the skin (erythema) 
associatcd with inflammatio n is usu:llly accompa
nied by other changes which characterize the 
:lCUle inflammatory response such as heat, pain 
and soft tissue swelling. Investigation of localized 
congestion and oedema may involve biopsying 
the affected area or the space-occupying lesion 
responsible for obstructing venous and lymphatic 
drainage. 

If the problem appears generalized, an initial 
diagnostic plan should include a full routine 
haematologic;tl examin;ttion (to rule out poly
cythaemia), thoracic and abdominal radiographs 
and, if possible, arterial blood gas measurements. 
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M:magemem of disorders causing localized o r 
generalized hyperaemia should be directed at 
treating the underlying cause. 

I POLYCYTHAEMIA 

Polycythaemia is defined as an increase in haemo· 
globin concentration, total red cell count and 
packed cell \'olume (peV). Polycythaemia can be 
clusified as relative or absolute. 

• Relalive polycylhaemla 

Relative polycythaemia is characterized by an 
increase in pev and total plasma protein con~ 
centratio n. The total red cell mass is no rmal. 
Re1:u ive polycythaemia is usually caused by a 
disturbance in body fl uid balance, fo r example, 
decreased plasma volume due to severe dehy. 
dration. 

• Absolute polycylhaemia 

With absolute polycythaemia the total red cell 
mass and pev arc increased but the total plasma 
proll~ i n conccntration is norm:tl. Absolute poly
cythaemia may be primary or secondary. plasma 
volume is usually no rmal or, in some cues of pri
mary absolute polycythaemia, it may be sligh!! ), 
dC1; re:tsed. 

Prim:tr), absolutt· polycythaemia, also known 
as polycythacmia vera or primary proliferative 
polycythaemia, is regarded as a chronic myelo
proliferative d isorder (sec Chapter 45). The total 
red cell coum, haemoglobin concentra tion and 
rev are usually markedly incre:tsed (PCV often 
in the range O.6S-O.80 11. 1

). Serum erythropoietin 
levels arc low or non-detectable. 

Secondary absolute polycythaemi:l is associated 
with increased erythropoietin secretion. The 
polycythaemia which develops wi th certain con
genital cardiac disorders (result ing in the right to 
left shunting of blood), chronic pulmo nary dis
ease and high altitude 3cclimatiz3tion represents 
an appropriate response to chronic hypoxia (low 
arterial oxygen saturation). In some cases of 
second3ry po lycythaerni:l the erythropoietin 
respo nse occurs in the :tbsence of tissue hypoxia, 
i.e. there is an inappropriate erythropoietin 

response. This is seen most commonly with renal 
tumours. 

Clinical manifestations of absolute 
polycylhaemia 

Clinical signs of absolute polycYlhaemia relale to 
the increased red cell mass and resu ltant hyper
viscosity, 3nd include lethargy, weight loss, cxer· 
cise into ler:lnce. polydipsia and polyuria. 
The mucosae appear intensely congcsted and o n 
ophthalmoscop ic examination the retinal vessels 
appear distended and tOrtuous. Affecled animals 
may also show a variety of central nervous system 
signs, most frequently hind limb alaxi3 or col
lapse, and h:we a tendency towards haemorrhagic 
diathescs. 

• Initial diagnoslic plan 

Rci:l tive polycythaemia. for example due to 
severc dehydration, can be confi rmed and 
treated with little difficu lty, depend ing of 
course o n the underlying cause. The d iffe rentia· 
lio n of primary and secondary :lbsolute poly
cYlhaemia is d iffic ult in the dog and cat; unlike 
humans, primary polycythaem ia is rarely associ
ated wit h concurrent leucocYlosis, thro mbo
cytosis and splcnomegaly. Thc initial 
inveSlig:l tions should therefore be directed 
tow:trds ruling OU I possible causes o f secondary 
polycythaemia. 

Arterial blood oxygen saturation 

Arteri:l l blood oxygen salUration is usually within 
normal limits (gre:ner than 90%; PaO~ greater 
than 6O mmH g) in dogs with primary po ly
cythacmia :tnd cases where polycythaemia is SC1;
ondary and ;l.$sociated with an inappropriate 
release o f erythropoietin. 

Determination 01 serum or urinary flrythropolelln 
concentrallon 

As mentioned above, primary polycythaemia is 
associated wi th low or undetectable erYlhopoietin 
concentralions whereas with secondary poly
cythaemia, erythropoietin le\·els arc usually 
increased (although there is an area of overlap 
which means that in some cases it is d iffi cult to 
differe nti:u e between the primary and secondary 
fo rms of the d isease). The concentration of 
serum erYlhropoietin should be measured before 
phlebotomy. 
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Radiography 

Plain radiographs of the thorax should be taken to 
rule o ut primary cardiac or respiratory disease. 
Radiognphs of the abdo men and, if necessary, 
intravenous urography should be performed to 
rule out renal neoplasia as a cause of secondary 
polycythaemia. Renal angiography is occasionally 
indicated to detect abnormalities in renal vascula
ture. 

Bone marrow aspiration and core biopsy 

Bone marrow aspintion and biopsy is rarely 
helpful in connrming a diagnosis of primary poly
cythaemia. The ntio of myeloid cells to erythro id 
cells may be decreased or normal. Erythroid 
hyperplasi2 is a consistent fi nding but the 
matun.tion and distribution of erythroid cells is 
often normal. Meg2k2ryocytc numbers may be 
increased. Stores of haemosiderin in cases of pri
mary polycythacmia may be reduced. Progression 

HYPERAEMIA AND CONGESTION I 125 

to myelofibrosis or acute myeloid leukaemia has 
not been documented in the dog. 

Total Nld cell mass and plasma "olume 

Direct measurement o f the total red cell mass can 
be performed using radioactive chromium ()le r)_ 
labelled red cells and pluma volume can be deter
mined using rad ioactive iodine (I1JIH :lbelied 
serum albumen to differentiate rel:lt ive from 
absolute polycythaemia. 

• Managemenl 01 polycylhaemia 

Relative polycythaemia due to dehydration is 
treated by the administr.uion of intravenous 
fluid s. The management of primary and sec
ondary absolute pol yeythaemia may require 
repeated phlebotomy or chemotherapy and is dis
cussed morc full y in C hapler ~5. 
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Jaundice 
J. K. Dunn 

Th~ terms jaundice and icterus describe the yel 
low discoloration of the skin, sclerae and mucous 
membranes caused by excessive levels of bilirubin 
in the circulation (hypcrbilirubinaemia) and 
tissues. Hyperbilirubinaemia indicates either 
seYere (usually acute) harmolysis or hepalObiliary 
disease. 

Between 70 and 80% o f the total plasma concen
tration of bi lirubin is derived from haemoglobin 
released from sencscent red blood cells phago
cytosed by macrophages in the liver and spleen. A 
srn:lller proponion is derived from haem-contain
ing enzymes in the liver (cytochromes, cat<alase. 
peroxidase), myoglobin ,,"d the destruction o f 
immature red cel ls in the bone m arrow. 
Haemoglobin is broken down into its haem and 
globin componems. Haem is metabolizc<i [0 frec 
iron and stored as fc rritin or haemosiderin pri 
marily in the reticulocndothelial cells of the liver 
and bone marrow. Like the protein (globin) com
ponent of the haemoglobin molecule iron is re
used to produce more haemoglobin. Bilirubin is 
the only major bru kdown product from haemo
globin which requires excretion. The proto
porphyrin ring of the haemoglobin molecule is 
opened by the enzyme haem oxygenase and is 
convened into biliverdin which in [Urn is reduced 
to bilirubin in the liver under the action of 
another enzyme biliverdin reductase. 

Unconjugated (free or indirect) bilirubin is 
insoluble in watcr and is bound to albumin for 
transpon to the liver. The albumin-bilirubin 
complex is too large to diffuse OUt of the vascular 
space so that unbound bilirubin passes across cell 
membranes to enter tissues only if the binding 
capacity is exceedcd. The followi ng h ctors are 
known to decrease the amoum of bilirubin which 
binds [ 0 albumin: 

• Decrease in plasma albumin concentration; 
• Decreased number or availability of binding 

sites on the albumin molecule, e.g. drugs such 
as salicylates, thyroxin, digoxin, diazepam and 
sulphonamides compete for and decrease the 
number of available binding sites; 

• Acidosis (which decreases the ::&ffinity of 
albumin for bilirubin). 

Before entering the hepatocyte, bilirubin dissoci
ates from albumin. The movement of bilirubin 
from plasma to hepatocyte is bidirectional ::&nd is 
thought to involve an active carrier transpon 
mechanism. A small amount of bilirubin emering 
the hepatocyte remains unconjugated and returns 
to plasma. 

Inside the hepatocyte bilirubin binds Y and Z 
proteins. These proteins 'trap' the bilirubin 

. which is then conjugated with glucuronic acid 
to form bi lirubin monoglueuronidc and diglu
curonide under the action of the enzyme 
glucuronyl transferase. Conjugated or direct 
bilirubin is water soluble and is therefore 
excreted in the urine (its lipid insolubility limilS 
back diffusion into hcpatocytes and also reab
sorption from the intestines so that most is 
e;ll:creled in faeces). Conjugated bilirubin is 
excret~d from the hepatocytcs into the bile 
canaliculi probably via a specifi c carrier mecha
nism and then via the bile duct (common bil~ 
duct in the dog) into the gut lumcn. 

Conjugated bilirubi n is then deconjugaled and 
reduced to urobilinogen by microflora in the large 
intestine. Most urobilinog~n is oxidiud to st~rco
bilin (urobilin) and is excreted in the (a~ces. 
Approximately 5-10% is returned via the ponal 
blood (cnterohepatic circulation) to the liver 
where it is removed by hepatocytes and re
e;ll:cr~ted into bile although a small amount enters 
the systemic circulation and is excreted in the 
urine (see Fig. 17. 1). 
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Fig . 11.1 Bilirubin excretion. 
The broken line indicates the 
small amount of conjugated 
bilirubin which is excreted by 
the kidneys in healthy dogs. 
In dogs the renal threshold 
for bilirubin is extremely low 
and 1 t bilirubinuria Is com
mon especially if the urine 

I t 

• Hyparbillrubinaamia 

lncr~ased plasma concenmuions of bilirubin rna)' 
occur via three mechanisms. 

1 . lnCT~aJrJ production of bilirubin as a result of 
increased red blood all destruction. MoS[ cases of 
immu ne-mediated o r autoimmune haemolytic 
anaemia do not present with jaundice. This is 
because most of the opsonized red cells are 
destroyro extravascul:uly in the liver and spleen, 
and the haemoglobin which is relc;l.$cd binds to 
plasma haptoglobin and is metabolized via normal 
pathways into its haem and globin components. 
Jaundice is therefore more likely to occur as a result 
of an acute inU'avascular haemolytie episode when 
a marked increase in red cell destruction not only 
saturates the plasma haptoglobin system but over
whelms the abili ty of the liver to take up and con
jugate the bilirubin presented to it. Moreover, it 
is possible that liver func tion may be slightly 
impaired during an acute haemolytic episode as a 

FAECES 

sample is concentrated 
(specific gravity ,.1.035). 
Bilirubinuria is not a normal 
finding in the cal. RBC, red 
blood cells. From Dunn 
(1992), counesy 01 In 
Practice. 

result of hepatocellular hypoxia, and that this may 
contribute to the d ecreased capacity of the liver to 
conjugate and excrete bilirubin. This may panly 
explain why, at 48-72 ho urs after an acute 
haemolytic episode, the concentrations of uncon
jugatc:d and conjugated bilirubin in the plasma 
equilibrate. Haemoglobin which is not bound 
to plasma haptoglobin will be filtertd by the 
glomeruli and impans a characteristic pon wine 
discoloration to the urine (haemoglobinuri:t). 

2. DeCTtaJeJ hepatic uptake and conjugation 
of bilirubin. Interference to the normal uptake 
andlor conjugation or bilirubin is o ften associ:tted 
with al tered excretion of conjugated bilirubin 
due to intrahep:ttic cholestasis (see below). 
Hep:ttocellular injury prim:triiy d:tm:tges the sen
sitive excretory tr:tnspon mechanism within the 
hep:ttocyte whereas the ability of the edl to take 
up and eonjugau: bili rubin is preserved. The net 
result of hep:ttocellular damage is therefore a 
build-up of conjugated bilirubin in plasma. 
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J. D~CT~aJt:d excr~tjOll of conjugated bilirubin 
in bile dlle to intrah~patic or postbepatic cholc-
5(asi5 (o r both). Invariably, diffuse hepatocellular 
damage leads to a degree of intrahepatic cholesta
sis as the hepatocytes swell and the bile canaliculi 
may become panially occluded by inflammatory 
debris. The converse is also true, i.e. int(';l- or 
posthepatic cholestasis, regardless of cauSt, 
causes a variable degree o f hepatocdlular damage. 
Posthepatic cholestasis is eaused by panial or 
complete obstruction of the bile duct, e.g. by a 
primary bile duel tumour (rare) o r tumour of the 
pancreas. 

Common causes o f hyperbilirubinaemia and 
jaundice in the dog and cat arc listed in Table 17.1. 

I INVESTIGATION OF JAUNOICE 

The objecti ves of diagnostic investigations arc 
twofold. The clinician should firs t attempt to 
classify the type of jaundice before proceeding 
with the more specific d iagnostic tCSts required to 
reach a definitive diagnosis. 

• The preliminary database 

The preliminary database for the jaundiced 
patient should consist of the following. 

• History and clinical fi ndings 
• Full haematological examination. A blood film 

should be screened for the presence o f large 
numbers of Heinz bodies, intracellular red 
cell parasites (e.g. H aemob.lrtonella felis), and 
checked for evidence of autoaggluti natio n. If 
haemolysis is suspected and autoagglulination 
is not evident blood should be submitted for 
direct antiglobulin (Coombs') and :lI1tinuclear 
antibody tcsts (sec Chapters 14 and 45 for 
causes of intra- and extravascular haemolysis). 

• Complete biochemical screen (to include 
total/ conjugated bilirubin, liver enzymes, 
amylasc and lipase determinations) 

• Urin:llysis 
• Abdominal rad iography to subjectively assess 

the size of the liver ;!.nd spleen. A check should 
also be made for :lny radiographic evidence of 
pancreatic dise:lse. 

• In C:lts feli ne leukaemia \·irus and fel ine 
immunodeficiency "irus status should bc 
ascertained and a thorough ophlhalmoseopic 
ex;!.mination should be performed. 

• A T. assay should be performed in older cats 

(with or withoUi palpable thyroid masses) 
since hypenhyroidism can be associated with 
clinical signs (including occasionally jaundice) 
and biochemical findings suggeSlive of liver 
d isease. 

Although a complete biochemical screen may 
be extremely helpful, especially in the acutely ill 
patient, particular allention should be paid to 
the p lasma concentrations of bil irubin (totaV 
conjugated), tCstS for hepatocellular damage and 
cholestasis, and liver function tests. Most rests 
which detect hepatocellular damage or dysfunc
tion unfortunately lack specificity and fail to 
provide information regarding the typc o r dis
tribution of lesion(s) within the liver, i.e. they 
cannOt differemiate diffuse, albeit relatively mild 
hcpalObiliary damage, from a more severe but 
localized inflammatory or neoplastic lesion. 

I INTERPRETATION OF LABORATORY 
TESTS IN THE JAUNDICEO ANIMAL 

• Bilirubin and other bile pigments 

Plasma bilirubin 

Bilirubin can be assayed calorimetrically using 
the \'an den Bergh reaction. The blood sample 
should be as fresh as possible since direct expo
sure 10 sunl ight or some fluo rescent lighting can 
reduce the bilirubin content by as much as 50% 
per hour. 

Measurement of total bilirubin concentration 
(conjugated plus unconjugated bilirubin) in 
plasma quantitat es the degree of jaundice, and 
the percentage of unconjugated and conjugated 
fractions is sometimes helpful in differcntiating 
between the different types of jaundice. The total, 
conjugated and unconjugated bilirubin concen
trations shou ld always be interpreted in associa
tion with liver enzymes :tnd/or results of liver 
funct ion tests. 

Bilirubinuria 

A trace of bilirubin (conjug:tted form) is common 
in concent r:tted urine samples (specific gr.tvity 
grcater than 1.035) from healthy dogs. This is 
panly due to the much lower renal threshold for 
bilirubin in this spe<: ies and also the fact that 
canine rcn:tl tubular epithelial cells contain glu
curonyl transferase and arc therefore capable of 
conjugating a small amount of bilirubin. Mild 
bilirubinuri:l is occasionally associ:tted with fever 
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T_blll?1 Common causes oljaurKIlce In dogs and cats 

HaemOlytic jaundice 

Hepatoceltular jaundice 
(in many cases intrahepatic 
cllolestasls contributes 
slgmlicanlly to the jaurMIice) 

Dbstructrle (post-hepatiC) 
jaundice 

Dogs 

Autoimmune haemolytic anaemia 
Neonatal isoeryt/lrolySis 
Incompatible blood translusion 
Bacteraemlafseplicaemla 
(.t tlepatocellular component 10 Ihe \3undlce) 
Dirolilariasis 

Hepatic librosis/cirrhOSIS 
Chola flQltis/cholanoio Ilepallt is 
ChroniC active hepatitis 
Copper toxicosis 01 Bedlington terriers (also 
reported In West Highland white terriers 
and Doberman pinschers) 
Drug-Induced or loxie' hepatitis (prolonged 
anticonvulsant therapy. mebendazole. 
levamisole. allatoxins. Ihiacetarsamlde) 
Hepatic neoplasia (primary or secondalY) 
Infectious canine hepalllis 
Leptospllosis (L. icterohaemorrhagliJ8) 

NeoplaSIa compressing the bile duct 
(e.g. pancreatic carclnoma or primary 
bile duct carcinoma) 
Acute pal1C(eatitis (With concunent duodenitis 
and occlUSion of the bile duct) 
CholelithiaSIS 
T raumalJC rupture of the bile duct or gall bladder 
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Cats 

Haemobartonellosls 
Heinz body naemolytic anaemia, e.g 
paracetamol poisoning 
l.t hepatocellular component) 
Autoimmune haemolytie anaemia 
(may be aSSOCiated with FeLV infection) 
Bacteraemialseptlcaemia l.t hepatocellular 
component) 

Ascending cholanglohepatilis 
Progressive lymphocytic cholangitis 
HepatiC lipidosis (may be associated 
With diabetes mellitus) 
Hyperthyroidism 
Hepatic neoplasia (especially lymphoma) 
Feline InlectioltS peritonllis 

Neoplasia compressing the bile duct 
CholelithiaSIs 
Traumatic rupture of the btle duct or gall 
bladder 

or starvation in dogs. An increased amount of 
bilirubin in a canine urine sample (e.g. 3+ or4+ o n 
a stick lesl) frequently precedes hyperbilirubin
acmia and is Iherefore a reliable indicalOr of 
impending jaundice. The presence o f bilirubin, 
even in trace amounts in the urine of a cat, is 
unusual and usually indicates either hepatocellu
lar damage or cholestasis. 

lighting may lead to a fal se negative result. The 
amount of urobilinogen excreted in the urine also 
depends on the amount excreted in the faeces, the 
activity of the gastrointestinal microflora and 
intestinal transit time. Severe haemolysis, consti
pation and gaslroi ntestim.1 haemorrhage all may 
increase the amount of urobilinogen present. 

Urln, urobillnog,n 
The amount of urobilinogen present in the urine 
is extremely variable and is dependent on many 
factors. Although the presence of urobilinogen 
infers that the bile duct is at least panially patent, 
an absence o f urobilinogen docs not necessarily 
mean that the bile duct is completely obstructed 
since many apparently healthy dogs produce 
urine with no mcasurable urobilinogen. Onc 
explanation for this may be that, like bilirubin, 
urobilinogen is sensitive to fluoresccnt lighting so 
that any delay in testing a sample exposed to such 

• Tests for detecling liver damage 

Liver damage may be hepatocellular or biliary in 
origin, and the activities of various liver enzymes 
in the plasma o r serum can be used to asscss such 
injury. It is imponant to note, howe\'er, that liver 
enzymes which either leak from damaged hepato
cytes or are secn~ted in response to hepatocellular 
injury provide little or no information about the 
functional capacity of the liver. Fo r example, in 
dogs with advanced cirrhosis or young animals 
with congenital ponosystemic shunts there may 
be very little active hepatocellular damage despite 
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a significant reduction in hepatic function. Not 
infrequently, th~refore, liver enzymes in such 
animals may fall within normal limits. 
Haemolysis interferes with many of the liver 
enzyme assays, in particular alanine aminotrans
fenue and aspartate aminotransferase. Fo r this 
reason separated plasma o r serum should be sub
mitted to a labowory rather than whole blood. 

Hepatocellular Injury 

Hepatocellular injury results in a change in cell 
membrane permeability which allows leakage of 
cytosol ic enzymes into thc extracellular fluid 
(plasnla). The magnitude of the increase in any 
particular enzymc gener;ally reflens the number 
of hepatocytes affected. Invariably, hepatocellular 
damage regardless of the underlying cause, is 
usually associated with a degree of intrahepatic 
cholesusis presumably because swelling of 
hepatocytes partially occludes the bile canaliculi. 

Alanine am inotransferase (AlT) 
ALT is fo und in high concentrations in canineand 
fdine h~patocyte5 and is considered to be liver 
specific in these species. Hepatocdlul:tr necrosis 
or degeneration results in altered membr:tne per
meability :tnd increased levds of the enzyme in 
the circulation. Since thc half-life of the enzyme in 
plasma is rd:ttively short, high levels may be 
expected only during the phase of acute cdl dam
age; thereafter. circulating levels of the enzyme 
decline rapidly. The magnitude of the increase in 
ALT d~s nOt distinguish irreversible ' toxic' or 
neoplastic hepatocellular damage from rcversible 
degenerative changes commonly associated with a 
number of extrahepatic problems such as severe 
an:lemia, cardiac insufficiency, and cen ain meta
bolic and inflammatory disorders. A reduction in 
the ALT concentration in plasma by approxi
matel y 50% over a 24-48 h period generally 
indicates a more favourable prognosis, whereas 
persistently high values indicate continued hepa
tocellular damage. Ccnain d rugs. most notably 
glucocorticoids and barbiturates, also cause ALT 
to mcre.lSe. 

Aspartate amlnotranslerase (AST) 
AST is found in the cytoplasm and mitochondria 
of several cell types (hepatocytes, cardiac and 
skeletal muscle, and intestinal mucosa) and there
fore cannot be regarded as liver specific. As with 
ALT the serum half-life of AST is extremely shoft 
(approximately 5 h in the dog and less than 80 min 
in the cat). When ALT and AST assays are 
performed simuhaneously, the increase in ALT 

usually exceeds the increase in AST. Like ALT, 
changes in cell membrane permeability resul t in 
the release of AST from the cytoplasm. Because 
ALT is released in significant amountS more 
readily than AST an increase in AST if accompa
nied by a concomitant increase in ALT and alka
line phosphatase (ALP) is indicative of severe 
hepatocellular damage. AST may be a more sensi
tive indicator of hepatobiliary disease in the cat. 

Glutamate dehydrollenase (GlDH) 
In dogs an increase in the mitochondrial enzyme 
GLDH is considered to be a reliable indicator of 
acute hepatic necrosis. 

Lactate dehydrollenase (lDH) 
Numerous isoenzymes o f LDH arc widely d is
tibuted in animal tissues (liver, skelel:ll and 
cardiac muscle, kidney, lung and Iymphoreticular 
tissue). As red eells also contain a significant 
amount o f LDH, a haemolysed blood 5lmple is 
unsuitable for LDH determination. Toral LDH 
activity is therefore an unreliable and non-specifie 
indicator of liver damage in most species. Because 
there is consider:lble species variation in the dis
tribution of the various isoenzymes interpretation 
of LDH isoenzyme patterns must be undertaken 
with great care. 

Choleslasls 
Chole.uasis implies an interference with bite flow. 
The occlusion of bile canaliculi (intrahepatic 
cholestasis) may be caused by swelling of hepato
cytes, hepuic fibrosis or cirrhosis. In the cat, 
cholestasis may be associated with ascending 
cholangiohepatitis and progressive lymphocytic 
cholangitis. The most common cause of extrahep
atic cholestasis in oldcr dogs is obstruction of the 
bile duct by pancreatic adenocarcinoma. Jaundice 
is a common presenting feature of all these 
diseascs. 

Alkaline phosphatase (ALP) 
A number of membrane-bound isoenzymes of 
ALP may be found in se\'eral tissues (l iver, bone, 
intcstine, kidncy, p lacenta and granulocytes). 
Most li\'cr ALP is located in the canalicular 
membranes of the hepatocytes. In response to 
cholestasis, increased amounts of ALP are synthe
sized and releascd into the circulat ion. The half
life of the hepatic enzyme is approximately 3 days 
in the dog and 6 h in the cat. The isoenzymes 
derived from placenta and intestines arc rapidly 
eleared from blood. and renal ALP is excreted 
directly into urine so these sources arc not impor
tant causcs of increased concentrations of ALP in 
the plasma. Active osteoblasts secrete ALP and 
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this ~xplains [h~ incr~asro l~vels s~en in young 
growing animals I~S5 than 6-8 months of age. 
L~vels of ALP in this age group rarely exceed the 
normal range of valu~5 by mor~ than twO- or 
thr~efold. Less commonly, ALP may be increased 
in other conditions where there is extensive 
osteolysis and bone remodell ing. 

Glucocorticoids (either endogenous or exoge
nous) induce the synthesis and release of a specific 
isoenzyme which panly explains the marked 
increase in ALP Seen in dogs with Cushing's d is
eue (affected animals also hav~ diffus~ hepatic 
lipidosis). Anuconvulunts such as primidon~ and 
phenobarbital also induce the releas~ of h~pa t ic 
enzymes including ALP. In some dogs, certain 
non-hepatic malignant tumours, e.g. mammary 
carcinoma, may be associated with high ALP lev
els. Cats do not have a corticosteroid isoenzyme 
and there is no evidence to suggest that other 
drug-induced incr~ases in ALP occur. 

For the reasons mentioned above an increase in 
ALP alone should not be regarded as evidence of 
liver damage (a marked increase in ALP with only 
a very slight increase in AL T occasionally occurs 
in cases of complete bile duct obstruction). Since 
most cases of intrahepatic cholestasis occur sec
ondary to hepatocellular damage o r hepatocyte 
swelling, increases in ALP are usually accompa
nied by an increase in ALT, and probably also 
AST. An increase in the hepatic isoenzyme of 
ALP is also often parallelled by an i ncreas~ in 
GGT (see below). In the dog, persistently high 
ALP and AL T are indicative of o ngoing hepatic 
damage. In the cat, because the half-life of the 
enzyme is extremely short, ALP levels are gener
ally much lower than those of the dog both in 
health and disease. A relatively mild increase 
therefore may be significant and ALP values, if 
taken with ALT, may sti ll be useful indicators of 
liver disease in this species. 

Gamma-giulamyilralllierau (GGT) 
GGT is an enzyme which is found in the cell sur
face membranes of several organs (liver, kidney, 
pancreas, intestine and lung). Most of the GGT in 
the plasma is derived from the li\'er wh~re it is 
located in the canalicular membranes of hepato
cytes. Like ALP, GGT appears in plasma as a 
result of increased synthesis rather than as a result 
of l eakag~ from the cell. In most cases, changes in 
GGT mimic those of ALP in the dog although the 
biliary response o f GGT is generally less sensitive 
than ALP. In the dog, increased levels of GGT 
IXcur in response to cholestasis, hepatocellular 
disease and glucIXonicoids. Therefore, unless an 
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animal has received glucocorticoids, a simultane
ous increase in both enzymes suggests ( I) that the 
liver is the source of the ALP, and (2) a more seri· 
ous degree of cholestasis is present. The current 
feeling is that GGT in small animals offers no fe31 
advantages over ALP in the diagnosis of hepato
biliary diseas~ except that it is mo re liver specific. 
In catS, GGT conc~ntration$ tend to be negligible 
in all but the most severe forms of liver d isease. 

• Tests for assessing liver function 

A decrease in functiona l hepatic mass andlor a 
reduction in hepatic blood flow leads to hepatic 
insufficiency and ultimately liver failure. The lab
orawry tests for detecting liver dysfunction in a 
jaundiced animal are described below. These 
include: 

1. Concentration of endogenous substances nor
mally excr~t~d by the hepawbiliary system, e.g. 
bilirubin (see above) or bile salts (bile acids); 

2. Plasma urea, plasma ammonia or th e: ammonia 
tolerance ten; 

3. TOIaI plasma prot~in concentration; 
4. Ratio of plasma branched chain to aromatic 

amino acids (to assess amino acid metabol ism). 

Plasm, bllfl s"1s (bllB ,clds) 

Bile acids (cholic and chenodeoxycholic acids) arc 
synthesized by hepatocytes, conjugated primarily 
with glycine and taurine. and secreted as bile salts 
into bile. Most (95%) of bile salts are recirculated, 
i.e. they are taken up from the gut (terminal 
ileum) and transported via the portal circulation 
10 the liver where they are cleared by hepatocytes 
and rc:secreled into the bile (enterohepatic circula
tion). Fasting animals, in which the concentration 
o f bile salts is equivocal, should be fed and the 
assays repeated two ho urs postprandially. 
Increases in pre- andlor postprandial circulating 
bile salt concentrations, occur with most (but 
not all) congenital or acquired portosystemic 
shunts and most hepatobiliary d isorders in the 
dog and cat, especially those associated with 
cholestasis due to posthepatic biliary obstruc
tion. Glucocorticoid-induced hepatopathy rarely 
causes a significant increase in bile salts. As tests 
of hepatic function, bile salt assays provide a 
simpler and more conveni~nt alternative w the 
bromosulphophthalein (BSP) and indocyani ne 
green (ICG) tests. In comparison to these dye 
retention tests, bile salt assays also hilve greater 
sensitivity for detecting a variety of hepatobiliary 
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disorders. Morcm'ef. unlike the BSP clC3r3nCC 

tCSt, b ile sa\! ;I.nays call be performed in jaundiced 
animals. BOlh the hepatocellular uptake 2nd 
excretion of bilirubin 3rc compcriljvdy inhibited 
by BSP hence the results of a BSP dcar:tncc test 
arc rendered mcaninglcu in an animal which is 
jaundiced (retention values are fa lsely increased). 

Ammonia 
Microbial d camina!1on o f amino acids in the 
intestinal tract is the major source of ammonia. 
Ammonia, absorbed from the intestine into portal 
venous blood, is rcmo\·ed and converted into urea 
in the liver. Blood ammo nia concentratio n is a 
useful test of fun ction .. ] hepatic mass. One major 
dis;ld vamagc of a blood ammonia dctcrmin:ltio n 
is the instability of ammonia in the blood sample. 
Handling of samples is therefore extremely 
impo rtant. The blood sample should be placed on 
icc immediatc\y after collection, the plasma sepa
rated within 30 min. and the assay performed on 
th t" separated plasm:a within 60 min. 

Reference values fo r :ammo nia \t;l. ry considerably 
in differen t laborato ries. In most cases of pono
caval shunting,:an increased pbsma :ammo nia con
centr:ation is accompilnied by a decrease in plasma 
u rca (additional evidence for a portosystemic shu nt 
may be o btilincd by the prescnce of ammo nium 
biurale crystals in the urine). False increases in 
plasma ammonia concentrations may occur with 
increased ilmmonia production in the gut due to 
haemorrhage or fCl-ding il high protei n diet. 

An ammonia roh'ranCt! resr has been described 
which involves the oral administration of ammo
nium chlo ride (20% w/ v solulion is given via 
stomach tube at a dose of 0.5ml kg-1 body weight) 
aller a 12 h f:asl. Blood samplcs :Ire obn.incd 
before and 30 min aller ildministering the ammo
nium ehlo ridc; normal postprandial values arc 
usually no more than 2- 2.5 times the baselinc 
values. Increased postprilndial ammonia le"c!s 
mar precipitate siSns o f eneephaloPilthy in ani
mals with pon osyslemic shunts. 

Plasma proteins 

The liver is Ihe so le s ite for albumin synthesis. 
H ypoalbuminaemia is il common terminal fearure 
of cIJronic liver disease, occurring when fun ctional 
hepatic mass has been reduced to 20% or less. 
Non-hepatic causes of hy poalbuminaemia 
include glomerulonephropathy, protein-losi ng 
elllcro pnhy, maldigcstio n and malabsorption, 
protein malnutrition. and cardiogenic ascites. 

Altho ugh some globulins are synthesized in the 

liver, inlmunoglobulins arc synthesized exclu· 
sivcly in lymphoid tissuc. Polyclonal increucs in 
the g:lmmagiobulin fraction may occur with liver 
disease in many species. In the cat, twO diseases, 
fcline infectious peritOnitis and progressive 
lymphocytic cholangitis. arc frequently associated 
with marked hypergammaglobulinaemia. 

Clottlnll factors and clottlnll t,sls 

The liver is the major site for the production of 
numerous clo n ing factors (fibrinogen, prothrom
b in and fac[OfS V, VII, IX, X, XII, and possibly 
also XIII). Although few dogs wi th liver disease 
presem with a clinical bleeding problem, labora· 
[Ory abnormalities of coagulation (increased 
o ne-stage prothrombin and activated partial 
thro mboplastin times) frequentl y occur. Bleeding 
is only likely to occur in cases of acute se\'ere liver 
failurc associated with diffuse inflamma[Ory 
changes (e.g. infectious canine hepati tis o r hepatic 
necrosis) o r severe neoplastic infiltralion. Such 
patit"nu arc more likely to develop disseminated 
intravascular coagulation which mar fun her 
increase the bleeding tendency. 

I CLASSIFICATION OF JAUNDICE 

Jau ndice is usually classified o n a pathophysio· 
logic.tl basis as haemolytic (prehepatic), hepato· 
cellular (i lll rahepiltic) or ObStfUCl;\'C (posthcpatic) 
jaundice. The differentiating historical, clinical 
and laboratory fcatures of each Iype o f jaundice 
arc summarized below. The reader is referred [0 

Chapters 37, 38, 45 and 48 for a mo re deuiled dis
cussion of the causes of jaundice listed in Table 
t 7.1. 

'Ilu' hislory .:lnd clinical signs associated with 
each Iype of jau nd icc will depcnd on Ihe patho
genesis and the duratio n of the underlying disor
der. Jaundice becomes clinicall r d electable when 
the plasma (serum) concentration of bilirubin 
exceeds 26 ~moll- ' ( 1.5 111g d l-1). At this concen
tratio n of bilirubin plasma will appear icteric to 
the naked eye (plasm:a usually develops a yellow. 
ish tinge before there is clinical e\·idence of 
jaundicc). Earl y jaundicc is best dClected 0 11 the 
sclerae, the thinner, non -pigmented, hairlcss areas 
of skin, and the in ner su rfaces of the pinnac. The 
inlensity of the jaundice reflects the plasma con
centration of bilirubin. The onset of jaundice usu
ally docli not coincide with the onset of associated 
clinical signs (e.g. with liver discase, jaundice may 
occu r several days o r possibly even weeks after 
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the more acute signs of hepatic disease such as 
vomiting or dialThoea have b«ome apparent). 
Similarly, jaundice usually takes longer to resolve 
than the eauu tive disease. 

I§~t HISTORY CHECKLIST 

• Haemolyllc Jaundice 

() Sudden onset of Inorella , w .. knellind collapse? 

a Are mucou, membran" vl,lbly pa le? 

a Febrile? 

Q Splenomeglly Ind/or hepalomegaly luggesllve 01 
Incre.sed red blood cell dellnlction? 

Urine dlseoloured (haemogloblnurla)? 

Q Recent drug.dministralion, e.g. paracetamol? 

• Hepalocellula, jaundice 

() Hive ,lin, 01 systemic disease ,uch IS Inorexla, 
lethlrgy, weight 1011 , vomllinglnd dllrrhoea 
preceded on", oljlundlce (may be I lew days , or 
In lome caSH, weeki)? 

a Evidence ollbdomlnal plln? 

() POlyuril/polydiplll? 

() Abdominal distension? 

() eNS 1111'" or behlvioural chang" (seizures, 
clrcllnll, stupor, bllndn"" disorientalion , elc.)? 

a evidence 01 externll haemorrhage (Increased 
bleeding tendency)? 

• Ob.I,ucUv. Jaundice 

a Vomiting/diarrhoea (may precede onset 01 
jlundice)? 

() Abdomlnll pain? 

I:) evidence 01 haemorrhage? 

a Pale, IltIy tIlCH? 
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• HaemolyUc Jaundice 

a Jaundice may be relatively mild 
Initi311y, thc production of bilirubin exceeds the 
capacity of the liver to conjugate it 50 that a higher 
proportion (80-90%) of bilirubin is unconjugated 
(uneonjug3ted bilirubin is insoluble in W3ter and 
is IC55 likdy to stain tissues). After 48-72 h, how
ever, the concenlr.uions of uneonjugated and con
jugated bilirubin cquilibrate so that 50% or more 
may be conjugated. This is partly b«ause liver 
function is impaired and as:l. rcsult the li\'er's abil
ity to excrete conjugated bilirubin is diminished. 

I:) Al T and ALP may be ,lIl1htty incl1Iased 
Although the j:lUndice is not of hepatocellulu 
origin liver en7.ymes m:l.y be increased as 3 result 
of hepatocdlulu hypoxia. 

a Haemoilloblnilmil/llilmolllobinuril 
Exccss haemoglobin which is not bound to 
plasma haptoglobin is ucreted in the urine and is 
potentially toxic for renal tubular epithelial cells. 

I:) Increase In urine bilirubin 
Initially this may be minimal since unconjugated 
bilirubin is not filte red by the glomeruli. 

I:) Relleneratlve Inllmll 
Typically this is a macrocytic hypochromic anae
mia, providing sufficient time (at least 48-72 h) has 
elapsed following the haemolytic crisis to al low the 
bone m3rrow to respond; also marked anisocYlo
sis, poikilocytosis, polychromJ.siJ. and increased 
numbers of circulating nucleated red blood cells 
3nd reticulocytes. Spherocytcs, if present, 3rc 
highly suggestive of autoimmune haemolytic 
anaemia (AIHA) although thei r absence docs not 
preclude such a diagnosis. The presence of autoag
glutination confirms an immune-mediated mech
anism for the haemolysis. If there is no evidence of 
autoagglutination, blood should be submitted for 
a direct antiglobulin (Coombs') tCSt. Anaemia is 
usually accompanied by a reactiV(~ leucocytosis 
(neutrophilia ± left shift). 

• Hepalocellula, Jaundice 

a Jlundlce lendlto be mort levere 
Total bilirubin levels are usually higher wi th 
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grel.ter thl.n 50% eonjugl.ted. Tot:.ll bilirubin lev
els rarely cxceed 85 pmol l-I in small animl.ls. 

o Mild to moderate increases In Al T Ind ALP. 

o Slgnlllclnl bilirubinuria 

o PllSm. proteins 
With chronic liver disel.Se, i.e. hepatic fl.i lure, 
total plasm.l protdns m.ly be low (hypo
.llbuminaemi.l) although the globulin fraction 
ml.y be increased; blood urea may be low (<2.5 
mmoll-I ) and cloning times (OSPT and AP1i) 
may be prolonged. 

o Picked cell Yolume decreased or normll 
Animals with liver dise.l.Sc m:ly be mildly anaemic 
(anaemi:l of chronic dise:lse). Increased numbers 
of :lc:lnthocytes arc sometimes secn with diffuse 
liver diseoUe. Variable tot:.ll WBC coum (the toral 
WBC count will reflect the pl.thogenesis). 

liver size Y.rI.ble 
Li\'er m.ly be sma.Il with cirrhosis or enlarged with 
chola.ngiohepl.uus. 

• Obslrucllve laundlce 

o Obstructive Jaundice 
This is usually associated with the highest 
bilirubin levels and at leut 50% (in many cases 
grel.ter th:ln 75%) of the bilirubin is conj ug:ued. 

o Mlrked Increase in AlP:l GGT with a more 
modetlte incr1lse In At T 

o Slgnllkant bilirubinuria 

o Absorption 01 yitamln J( 

Complete biliary obstruction may lead to the 
decreased absorption of viramin K :lnd hence 
decreased synthesis of vitamin K-dependem 
doning (;actors (II. VII, IX and X) with a. 
resultam increase in clotting times (cspecially 
OSPT). The clotting defect may be at leut par
til.lIy corrected by the parentenl administntion 
of vitamin K!. In contrast the increased bleeding 
tendency which occun with diffuse hepl.tocellu
lar injury .lndlor hepatic (;ai lure is multifactori:ll 
:md docs not respond to vitamin K! therapy. 
Complete obstruction of the bile duct may 
result in $tea.lOrrhoca and the passage of pale 
acholic faeces . 

I FURTHER INVESTIGATION 

If haemolysis is suspected and the cause cannot be 
ascertained using any of the tests described :.I.bo\'e 
blood cultures should be performed to rule out 
possible infectious (bactenemic or septic:.l.emic) 
causes (sec Table 17. 1). 

In c:.l.ses where the jaundice is considered to be 
of hep:.l.tocellular origin the following procedures 
:l.re indicated. 

I Utlrasonographlc examination 01 Ihe 
liver 

Uhr.l.Sonography is useful for evaluating the siZe 
and consistency of the liver, the hepatic vascula
ture and the bi li;\ry system. 

• Liver biopsy 

Li\'er biopsy is frcqu l!ntly necessary in cases 
showing biochemic:.l.l evidence of hepatobiliary 
daml.ge or li"er dysfunction_ In particul.lr, a 
liver biopsy may be helpful in (1) est.lblishing 
the nature of the pathology andlor aetiology, 
(2) the potential for reversibility, and (3) the 
degree of hepatocellu lu regeneration. 11 the 
liver is uniformly enlarged, liver biopsy may be 
performed safely \'ia percutaneous needle 
biop5Y (preferably using ultrasound guidance). 
If the liver is small then the technique is best 
performro via a lap.uotomy incision or via 
lapuoscopy_ Clotting tem Ihould always be 
p",ormed before JHrgical intervention in any 
animal wilh liver distaft. 

I MANAGEMENT OF JAUNDICE 

The specific m:ln:lgement of jaundice depends on 
the aetiology :lnd, in the absence of a definitive 
di:.l.gnosis, treatment is primarily supportivl!. The 
rl!.lder is referred to C hapter 37 for a more 
detailccJ discussion of therapy for specific diseases 
which can cause j.lundice. The following points 
are worthy of considention when treating any 
jaundiced animal. 

• Adequate caloric :lnd fluid supplementation 
should be provided (Ringen solution ± addi 
tion:.l glucose and potassium if necessary). 

• Supplement with B complu and fat -soluble . . 
vltamms. 

cno o 



• Some antibiotics are concentrated in bile and 
are nlore effecli\"c against enteric Gram 
negative and/or :maerohic organisms which are 
likely to be involved. These include ampicillin, 
amoxyciUin, cephalosporins, chloramphenicol 
and metronidazole (the laner is particularly 
effective against anaerobic organisms and may 
be used in combination with ampicillin). The 
use of tetracyclines, neomycin, streptomycin 
and sulphonamides should be avoided. . 

• Immunosuppressive agents such as pred
nisolone arc only indicated when the jaundice 
has an immune-mediated pathogenesis, e.g. 
immune-mediated haemolytic disease, Iym-
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phOCYlic cholangiohepatitis. chronic active 
hepatitis and possibly feline infectious peri-

• • 
tOnttlS . 

• Hydrochloretic agenu, e.g. bile acids such as 
dehydrocholic acid may stimulate the flow of 
watery bile in animals with cholestasis (recom
mended dose 10-15 mg kg-' body weight per os 
three times daily fo r 7- 10 days). 

I REFERENCES 

Dunn, J. K. (1992) ASSC'$5ment of liver damage and dys
fun ction. In Praait;t 14, 19)-200. 
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Peripheral Oedema and Ascites 
K.J. Dunn 

I ASCITES 

The pcriloncu m is a serous membrane lining the 
abdomin:'l l cavity. Its main fune lions are protec
tion (by walling off areas of inflammation), lubri
cation and absorption of transudatcslcxudatcs, 
True asci tes refers to the accumulation of serous 
or serosanguinous fluid in the peritoneal space. A 
morc generalized description would include dis
tension of the abdomen with other fluids, e.g. 
chyle, blood and inflammatory exudates. Ascites 
is always a sign of disease therefore investigation 
should be aimed at identifying the primary under
lying problem. 

Ascites may be caused by :l number of inflam
matory, infectious, mClabolic, degenerative and 
neoplastic d isease processes. T he biochemical and 
cyto logical characteristics of the asci tic flu id may 
help to different iate the cause of the abdominal 
effu sion ( rable \8. \). 

• Pathophyslotogy 
There arc four primary pathophysiological mech
anisms fo r the development of ascites: 

• Transudation 
• Exudation 
• Neoplastic cell exfoliation 
• Vessel or viscus rupture 

TranSlldates arc morbid accumulations of fluid 
which build up due to 3 hyd rostatic imbalance 
despite no rmal vascular permeability. In hepatic 
fai lure, ascites develops as a result of portal hyper
tension and sodium retention; hypoalbuminaemia 
may contribute to the tcndency to :lccumulate 
fluid but is rarely the prim:lry problem. Portal 
hypertension must be sustained for ascites to 
develop. A transient incre:lsc in portal venous 
pressure is compensated for by increased lymph 
flow from the bowel. 

Modified rramudaus arise as a result of thc 
leakage of fluid from lymph:uic or blood vessels 

increasing the protein content of the transudate. 
Accumulation of fluid irritates the mesothelium 
and results in exfol iation of mesothelial cells and 
secondary inflammatory changes. Most neoplastic 
effusions arc modified Iransud3les. 

Exudates arise due to incre:lSed v3scular perme
ability. Exudates may be septic or non-septic. The 
rele:l$c o f inflammatory mediators increases 
vascular permeabili ty and induces a chemouctic 
response of inflammatory and phagocytic cells. In 
acute inflammation, arteriolar dilatation occurs 
and the increased blood flow and pressure in the 
small vessels means that capillary hydrostatic 
pressu re may exceed the colloid oncotic p ressure 
o f plasma. Low molecul3r weight solutes and 
fluid pass into the intracellular space in larger vol
umes. In infl amed tissue separ3tion of adjacent 
endothelial cells in the vessel walls produces holes 
through which larger mo lecules such as proteins 
can escape. Lymphatic fl ow r:ue iJ init ia lly 
incre3Sed to take up the proteins but o nce this 
c:l.pacity is exceeded the interstitial oncatic pres
sure incre3Ses and more flu id is drawn out of the 
ci rcu lation. In addi tion, the large proteins present 
in the interstitial t issues arc bro ken down 10 

smaller molecules whieh further increases the . 
oncotlc preSSure. 

I INVESTIGATION OF ASCITES 

Investigation o f ascites is aimed at identifying the 
underlying cause. 

I §~I HISTORY CHECKLIST 

O Rale 01 fluId accumulallon? 
The rale o f abdominal distension may be impor
tant in establishing the 3etiology of the condition 
and can influence the severit), of clinical signs. 
Ascites often develops relatively slowly in right
sided congestive heart fail ure. e.g. dila ted 
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Ti bia 18.1 Differential diagnosis of ascites 

Transudate 
• Hypoproteinaemia 

Protein' losing enteropathy (e.g. lymphangiectasia) 
Glomerulooophropathy 
Hepatic failure 

• Portal hypertenSion (sustained) 

Modif/!d transudate 
• Cardiac disease (usually right-sided congestive heart fail

ure, e.g. pericardia! effuSion, dilated cardIOmyopathy) 
• Portal venous obstflK:tion (thrombosis. stricture. vascu

lar anomaly) 
• Abdominal neoplasm obstructing lymphatic or venous 

drainaoe 

Exudate 
• Septic 

Intestinal perforation 
Ruptured pyometra 
Ruptured abscess 
Extension ol lnlection from abdominal organs 

• Non-septic 
Acute pancreatitis 
feNne mlectious peritonitis 
Ruptured uriRilry bladder 
Ruptured gall bladder 

Miscellantlous 
• Chyle (referred to as Chylous asclles or chyloperi-

toneum); fare In small animalS 
Ruptured lymphatics, e.g. trauma 
l ymphangiectasia 
Portalobslructioo 
Increased hydrostatic pressure 

• Haemorrhage 
Trauma resulting in rupture 01 spleefll1lVer 
Neoplasia (especially splenic haemanglDSarcoma or 
lymphOma) 
Bleeding disorder (e.g. warfarin poisoning) 
Thrombosis 
Torsion 01 the stomach or spleen 
Phaeochromocytoma eroding blood vessel 

cardiomyopathy, whereas more rapid fluid accu
mulation occurs with peric:udial effusions as car
diac tamponade develops. If fluid accumulates 
slowly the anim:al has time to accommodate [ 0 the 
chmges associated with the ascites. 

o Presence 01 other signs 01 systemic illness? 
Dyspnoea may ~ associated with increased 
abdominal pressure resulting in displacement of 
the diaphragm crani:ally. Cardiac disease may 
cause dyspnoea due to pulmonary oedema andlor 
pleural effusion. The presence of other signs such 
as wasting, polydipsia/polyuria, diarrhoea, vomit
ing and appetite changes may indicate a systemic 
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disease process, e.g. chronic liver disease. 
Coughing or exercise intolerance arc more indica
tive of cardiac disease. 

I\ZII PHYSICAL EXAMINATION 

a Palpation 01 the abdomen 
To identify distension. increased abdominal pres
sure or pain if peritonitis is present. 

a Ballotment for detectlon 01 I flu id thrill 
Tapping on one side of the abdomen whilst placing 
the palm of the other hand flat on the opposite 
abdominal wall may allow detection of a fluid wave 
moving across the abdomen (fluid thrill). False pos
itive fluid thrills are rare but it is difficult to detect 
the presence of small amountsoffluid by this method. 

I;J Subcutaneous oedema? 
Although a ran" finding in small animals, oedema 
may be present particularly in the dependent areas 
of limbs, ventral abdomen and prepuce. 

a Femoral pulses 
These should be palpated and will often be 
thready if abdominal pressure is increased or in 
cases where ascites is due to cardiac decompensa
tion. Weak pulses in multiple sites suggests 
cardiac insufficiency rather than a local lesion. 

a Full cardiologlcal examlnalion 
Check particularly for signs of right-sided failure, e.g. 
distension of jugular veins, jugular pulses or oedema. 
The presence of mUrmurs, pulse deficits or other 
signs of cardiac dysfunction should also be noted. 

I FURTHER INVESTIGATION 

• Measurement 01 central yenous 
pressure 

Central venous pressure (CVP) is controlled by 
interaction of circulating blood volume. cardiac 
function and alterations in the vascular bed. To 
measure CVP a long catheter is placed in the 
external jugular vein. A three-way stopcock is 
attached to the c.:uheter and conne<:ted to two 
intravenous lines. Normal saline is run through 
one of the lines while the other is taped vertically 
and then filled with fluid from the first line. When 
the venical fluid line is connected to the jugular 
vein the CVP is measured from the midpoint of 
the trachea at the thoracic inlet to the height of the 
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liquid column. N ormal CVP in the dog is - 1 to 
5 cm of water. Values greater than 10 cm water 
arc abnormal and a CVP above 15 cm is most 
commonly seen with congestive heart failure. 

• Radiography 

Abdominal r3.diographs will show a typical 
'groundglass' appearance to the abdomen. This 
makes iden!ification of abdominal organs and/ or 
masses difficult (Fig. 18.1 ). 

Figure 18.1 lateral radiograph of a cal with feline infec
tious peritonitis (effusive form). Note the 'groundglass' 
appearance of the abdomen. Photograph courtesy of 
Michael Herrtage. 

Thoracic radiography should be: performed to 
investigate potential cardiac pathology as a cause 
of the ascites. 

Figure 18.2 Ultrasound picture of the ascitic abdomen 
01 a 6-year-old German shepherd dog. Note the flu id out· 
lining a liver lobe (arrow). Photograph courtesy 01 
Michael Herrtage. 

• Ultrasonography 
Abdominal ultrasonography is ideally suited to 
imaging in the presence of fluid (Fig. 18.2). 
Examination should be made of all parenchY4 
matous o rgans to assess their size and Struc4 
ture. Echocardiography is indicated to rule out 
pericardial effusion, endocardiosis, dysplasia of 
the tricuspid valve and dilated card iomyopa
th y. 

• Electrocardiography 

Electrocardiographic signs of right-sided enlarge
men! or conduction disturbances may be present 
in cardiac conditions such as pulmonic stenosis, 
tricuspid dysplasia, tetralogy of Fallot. reverse 
patent ductus arteriosus and severe heartworm 
disease (sec Chapter 34). 

• laboralory dala 

Initially, full hacmatological and biochemic:!. l 
screens, including bile saiLS, should be per
formed as pan of the minimum datOibase. 
Peritonitis may present with a peracute (neu
tropenia with dq;enerati\'e left shift) or an acute 
(neutrophilia with regenerative left shift) inflam
mato ry response. 

Tolal plasma protein concentration 

The total plasma protein concentration and 
albumin:glo bulin ratio must be determined in all 
cases. H ypoalbuminaemia must be very severe 
« 10 gl·') to cause ascites in its own right. 
Ascites may occur with albumin concentration 
of 20 gl-' and concurrent portal hypertension. 
Feline infectious peritonitis and cholangiohep
atitis may present with markedly increased total 
plasma protein concentrations (hypergamma
globulinaemia). 

Renll function 

Urea and cre3linine concentratio ns should be 
assessed in conjunctio n with urine specific gravity 
since the presence o f ascites can also cause venous 
stasis and reduced renal blood fl ow (pre-renal 
failure ). 

10 ra 0 



Hlp,tI, Inzymll ,nd bill ults 

The concentrations of alkaline phosphatase (ALP). 
alanine aminotransferase (ALT), aspartate amino
transferase (AST), gamma glutamyl transferase 
(GGT) and serum bile salts should be measured. 

Pln'fII.llc Inzrml. 
Plasma concentrations of amylase. lipase and pos
sibly t rypsin- like immunoreactivity (fU) should 
be meuured especially if there are signs consistent 
with pancreatitis and cytological examination of 
fluid is consistent with inflammatory exudate. 
The concentrations of these enzymc:s in the 
abdominal effusion may also be useful in assessing 
damage to the pancreas. 

• Urinalysis 

Urinary protein detected on a dipstick must be 
assessed in relation to urine specific gravity (2+ 
protein in dilute urine may be significant). 
Normal dogs and cats excrete some protein in the 
urine (usually <30 mg kg-' day-'). A protein:crea
tinine ratio should be calculated and values> I are 
significant. U rinary protein:creatinine ra tios are 
usually >3 in primary protein-losing nephro
pathy, e.g. glomerulonephropathy. Single urine 
protein:creatinine ratios correlate well with 
24 hour protein excretion values. 

Ttblt18.2 Classilication 01 abdominal eHuslons 

PERIPHERAL OEDEMA AND ASCITES I U'} 

• Technique lor abdominocentesis 

In most cases abdominocentesis can be performed 
without sedation and carries minimal risk 10 the 
patient. The ventral mid-abdomen should be 
clipped at the level of the umbilicus and prepared 
in a sterile fashion. Local anaesthesia can be infil
trated into the skin and sulx:utis if required. The 
animal is restrained in lateral re<:umbency. 
Performing the procedure with the animal stand
ing may allow a sample o f flu id to be collected 
when the volume of asci tes is small. A 25 mm, 
20 gauge needle or 'over the needle' catheter is 
inserted through the midline, 1-2 cm caudal to the 
umbilicus and a sample of fluid can be collected 
for analysis. If blood is aspirated. then one sample 
should be collected into anticoagulant and a sec
o nd allowed to stand to sec if it clots. A sample of 
fluid should be collected into EDT A for cytolog
ical analysis, total protein estimatio n and specific 
gravity measurement. Samples collected into plain 
tubes can be submitted for bilcteriological exami
nation and triglyceride/ cholesterol concentra-

• tlons. 

Abdominal "uld an,'ys's 
The type of effusion is classified according to its 
protein content and cell count but the categories 
are not mutually exclusive and there is wide over
lap. for example. between modified transudates 
and exudates with respe<:t 10 protein content 

Normal Transudate Modified IranJudale Eludale 

Gross appearante Clear, straw colour Clear. straw eoioul Yellow or blOOIJ.\inged, Turbid 
lurbid 

Proilin concenlrallon (g ''' ' <25 <25; olten <t5 Variable; usually )25 )25, usually >30 

Specific gravity (serum scale) <1 ,015 <1.015 1.015-1,025 ) 1.025 

Mutinied tall tounl Ix 10' I" ) <3.0 <0.5-1.0 1.0-7.0 )7.0 

Predominant CIU type Mesothelial cells! MesolheUal cells! Mesoltlelial cells! NeullOphlls! 
macrophages macrophages macrophaoes :t macrophaoes; 

inCfeasmg numbers 01 neulrophlls 
non-degenerate degenerate If 
neutlOpIliis 1 small bactenal 
lymphocytes Infection 

Typical caus.s - Hypoproteinaemia; Resul1 of ctlrornc FeMne Iflfectious 
congestivll hea rt transudation perrloflllls; 
failure (CHF) (e,O, associated WIth bactenal, eo 

CHF, fleoplasia etc.) Acti~sp,. 
NocardiJ sp 

Avtc ozasc clOgradivo 
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• 

--~ 

Figure 18.3 (a) Modified transudates are frequently either straw coloured or, as In th is case, serosanguinous. (b) 
Peritoneallluid Irom a dog with congestive heart failure. This shows a cluster 01 reactive mesothelial cells surrounded 
by non·degenerate neutrophils. As mesothelial cells become more reactive their cytoplasm becomes vacuolated and 
less Intensively basophilic, the nuclei become more pleomorphic, and the cells have the appearance of peritoneal 
macrophages (Giemsa; original magnification )(125; photographs J.K. Dunn reproduced courtesy of In Practice). 

• 

- -

Figure 18.4 (a) Gross appearance of abdominal fluid from a dog with peritonitis following perforation of the small 
intestine (photograph courtesy of Michael Herrtage). (b) Peritonitis. Neutrophils are showing severe karyolytic 
changes. Two neutrophils contain ingested bacteria (Giemsa )(250; photograph J.K. Dunn reproduced courtesy of In 
Practice). 

(fable 18.2). T ransudatcs contain few, non
phagocytic cells (mesothelial cells and 
macrophages), as they become modified, cell 
counts rise and an increasing number of neu 
trophils arc seen (Fig. 18,3a.b). Septic exudates 
cOlllain bacteria, degenerate ncutrophils and 
macrophages andl or ncuuophils with intracellu-

lar bacteria (Fig. IBAa,b). In non-septic exudates 
neutrophils with age-related changes predominate 
and no bacteria ;tre pre5elll (fig. 18.5a,b). C hylous 
effusions are whitl.' or pinkish opaque fluids, con
taining small numbers of mature I),mrhoc)'tcs and 
fat droplets. Incrcasing numbers 0 neuuophils 
and macrophages appear with time. Chyle has a 

b 

b 

d u 



b -.. 

, • > 

.. 
" 
~. , 

<" 
" " 

a 

" • .. 
R- • 'to' (1_ _ 

.. -to 
$ 

, 

• 

high triglyceride content with J. cholesterol: 
triglyceride ratio <1.0. The triglyceride content of 
chyle is grc;l. ter than that of serum and cholesterol 
I:oncentrarion is lower (the reverse is true for non
or pseudochylous effusions). 

True chylous effusions should dClr on addition 
of ethanol but not o n centrifug:uion. 

I SYMPTOMATIC THERAPY 

Treatment should be aimed at add ressing the 
underlying problem whenever possible. How
ever, in many cases therapy is not available and 
symptomatic trc:umem must be employed. In 
human patients with chronic hepatic failure 
ascites is known [0 be dc lell~ rious 10 hcahh. There 
is no evidence to suggest that this is the case in 
dogs. 

Ascitic flu id should nOt be drained unless the 
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Figure 18.5 (a) Gross appearance of aDclominal flu id 
Irom a cat with eflusive feline infectious peritonitis (FtP) . 
The lIuid is typically straw coloured and may contain fib
rin fl ecks. Due to the high protein (primarily globulin) 
concentration effusions from cats with FIP often froth 
when shaken. (b) Peritoneal fluid from a dog with acute 
pancreatitis and associated peritonitis. Numerous red 
blood cells, non-degenerate neutrophils and reactive 
mesothelial cells are present. Note the binucleate 
mesothelial cells. This is an example of a non·septic 
exudate (Giemsa; original magnification )(125; 
photographs J.K. Dunn reproduced courtesy of In 
Practice). 

volume of fl uid present is compro mising the ani
mal 's respi ration or ambulation. If l;arge volumes 
arc to be removed it is safer to insert an indwelling 
polyethylene intravenous catheter as described 
above. This minimizes the risk o f organ lacera
tion. The urinary bladder should be drained 
before abdominocentesis to prevent damage to 
this o rgan. Unless plasma transfusions lre given, 
abdominocentesis should be performed as infre
quently as possible to reduce further loss of 
llbumin. Diuretics, such as fru semide, can be 
~dminis t e ~ed t~oug~ respo~se i~ ofte f\d isappo int-
109, especially 10 animals With n ght-sided conges
ti ve helrt fai lure. Complications of therapy such 
as potassium depletion, dehydration and reduced 
glomerubr fi ltration rate can be minimized by 
using pulse-cfose intcrmiucnt therapy. When car
diac asci tes is prescnt, spironolacwne in combin
ation with frusemide and/or angiotensin
converting enzyme inhibiwrs (ACE inhibiwrs), 

A o 
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may be mo re effecti,'e and may help to minimiu 
the risk of hypok:alaemia_ 

Shunt devices nn be placed to transport ascitic 
flu id to the central "cnous system_ Complicottions 
arc common with thest devices ;lnd in view of the 
poor long-term prognosis of the underlying con
dition in most cues their use in anim;l.ls. cenainly 
in practice situations. is not feasible. Opcn 
drain.lge ;lndlo r indwelling drains can be consid
ered if the fluid is accumulating at a rapid rate. 

I PERIPHERAL OEDEMA 

Oedema is defined as an exccssive otccumul;l.tion 
of fluid within the intercellular space. The inter
stitial fl uid is trapped in pockets among a net
work of proteoglycan fi lame.nts. the. result of 
which is the production o f a fluid with gel-like 
propenies. Fluid diffuses rather than fl ows 
through this gel. In the nornlal sl;lle this gel 
matrix prevenu fluid flow to lower areas o f the 
body as a result of gravi ty and prevenu spread 
of bacteria and other agenu from one tissue 
area to another. 

The presence of a predet'ermined amount of 
fluid in the interstitium depends on a finely Inl
:anced system of filtration and absorption. In 
normal tissue the ,'ucular walls are fredy per
meable to water and electrolytes but nOt pro
teins. Water and solutes which ue filtered into 
the interstitiu m are returned 1'0 the circulnion 
via the lymphatics. The extensi ... e lymphatic net
work present in most tissues is also able. to take 
up any pro tein which inad ... ertently leaks into 
the interstitium. Oedema is relatively rare in 
small animals; right-sided hean failure is more 
likely to cause ascites than oedema. 

I PATHOPHYSIOLOGY 

The forces driving fluid o ut of blood vessels a rc 
as follows. 

1. Hydrosltltic preJlure in the 'fJtsu/: the "ucular 
hydrostatic pressure is the pressure gr:adiem 
between fluid leaving the ;lneriolar end of the 
capillary bed and that resorbed at the venous 
end. 

2. Colloid osmotic pressure (onrotic puulfre) of 
im~tjtial fluid: usually there is little protein 
present in the intentitiill fluid and excess pro
tein is removed ... ia the lymphatics so this is no t 
;l significant factor. 

The (orces duwing fluid inlO the Vtssels a rc as 
foll ows_ 

1. Tissue tension: this factor is important in rela
lion to the distributio n of the oedcma. i.e. 
incr(!ased tissue tension in the pads reduces the 
likelihood of ocdema occurring there. As tissue 
tension risa less fluid ucapes from the blood 
vessels and so the \'olume of oedema fluid is 
controlled. 

2. Colloid osmotic pressure (onrotic prnsure) of 
plasm4: this is gener,ut"d by th(! proteins in 
plasma and, of these, albumin is thc most 
important as it is preselll in a high concentra
tion and has ;I. low mo lecular weight. 

The mechanisms which control the balancc o( 
fluid entering and lea ... ing thc vends have a 
reserve capacity. For uamplc, capillary hydro· 
sutic pressure must double o r plasm:a colloid 
oncotic pressure drop from 28 mmHg to less than 
10 mmHg before: oedema forms. 

Oedema arises by a variety of mechanisms: 

• Increased capillary h)'drost:atie pressure; 
• Reduced capillary oncotic pressure; 
• An increase in the inherent permeability of 

capillaries to water or i nc~ surface iU'C;l of cap
illarics or cilpillu), bed (the filtration coefficient); 

• Reduced lymphatic drainage; 
• Iatrogenic, i.c. overzealous administration o( 

intravenous fluids particularly if the animal is 
alre;l.dy volume overlo;l.ded, i.e. has congestive 
hcan f;l.iiure or ren;l.l shutdown. 

Oedema can be classificd as generotlized or local· 
ized. 

• Generalized oedema 
The oedema involves both the hind and fore limbs 
and its presence suggests a systemic disease. 
Furthermorc, if ascilcs is present in association 
wilh oedema a diagnosis o f cardiac d ys(unction 
is more likdy. If no ascites is prcscnt hypo
proleinaemia is thc more likdy cause. 

• Localized oedema 
This is more usually a55oci:ued with an inflamma
tory. infectious or tr;l.umatic lesion. 

Locillized oedema un be divided into (our 

')'1"" 
1. Bif4t"ai f orelimb ill'fJoi'fJemmt usually indi

cates cranial vena .. ava o bstruction, e.g. lym
phatic o r heilrt base tumour. 
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2. BilAteral hindlimb ;n tlOlfJem~nl; if ascites is 
prescnt the lesion is cranial to the renal vein; jf 
no ;ucites prescnt then the lesion is probably 
within the pelvic canal, e.g. obslruclion to the 
common iliac veins. 

3. Head and neck: angioneurotic <Kdema (of .tiler· 
gic origin) is most likely bUI check the rctropha
ryngeal and submandibular lymph nodes for 
cvidenceof enbrgement which may be the result 
of nwplasi:l (lymphoma) o r inflammation. 

4. Extnmity of one limb: localized di~asc most 
likely 10 examine the ;tUecle<! limb thoroughly. 

Occasionally an animal with systemic disease may 
develop local oedema. This is most frequently 
seen in ' prc-O«!cmalOus states' where there is 
increased interstitial fl uid pressure but no Oven 
oedema. Oedema m:ly thcn develop in the limb 
beneath the animal when it is recumbent, due to 
reduction in venous drainage (hypostatic conges
tion). Localized oedema may occur in multiple 
sites, particularly in primary lymphoedema, giv
ing the impression oC genel';llized oedema. 

Oedema may result in tissue damage as it 
increases the distance between the blood vessels 
and tissue cells and hence interferes with the dif
fusion of oxygen, glucose, amino acids and other 
cdlular nutrients. 

I INVESTIGATION OF PERIPHERAL 
OEOEMA 

Causes of oedema are summarized in Table IS.3. 
In order to shonen the list of possible differen

tial diagnous a thorough history should be taken 
and physical examination performed prior to 
labol';ltory investigation. 

[§~ HISTORY CHECKLIST 

a HII thllnlmilihown Iny other Ilgnl of systemic 
IIInlll? 

Polydipsia/polyuria may indicate renal disease. 
Polydipsia may also be seen in cardiac disease but 
more common findings would be exercise intoler
ance or lethargy. Concurrent vomiting and diar
rhoea may besecn with protein-losing enteropathy 
and with toxaemia due to hepatic or renal disease. 

a HII thl Inlmll hid Iny slmllir probllml 
pmlO'lty? 

This may be imponant with respect to the possi
bility of compressive lesions or allergic reactions. 
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Tabl.111.3 Differential diagoosls 01 oedema 

Incrwed CdpI/Jary hyrkostatlt pmslJra CluS«J by Iunc
rlOOailstructurai obstfIJCtlMlO blood flow 
• CongestIVe cardiac ta~ure (rlghl·sided) 
• Venous obstruction. e.g Il1traiumlnalthrombus 
• CompresslOl1 of vessel by extralumuw mass 
• Artericl"cnous fistula 
• IiyposlaSiS 

Reductd capiJIMy 00C0lIC pmsUfI (hypt»lbu~y) 
• Protein4oslno entMopathy Of glomeruionephropathy 

(nephrotiC syndrome) 
• Chronic liver diSease, I.e. reduced he~tlc synthesis 01 

protem 
• Protein malnutrition 
• ExudallVe lesions, III severe bUlAs/peritonltis 

Increased ViJscullr permubi/lty 
• Type 1 immediate hypersenSitIVity response (local 

release of vaSOdllatoffi) 
• Chronic lnlLammatory disease 
• Vasculitis (InfecliousJImnlllfle-medl3led) Ot vascular 

trauma 
• Toxins 

Reduced IympIY//C d"lna{}I ffYmp/JofdeJrY) 
• Cooglrutal 
• Acquired 

NeoplaStiC 
T,..umaliC 
Compression of Iymphaucs (recumbency) 

IrJCfUS«1lntmlltJai (1M rrulrix 
• M)xoedema (hypoChyroidism) 

a Distribution at Inlons (IKIllmd VI Denlrallztd)? 
Has the distribution changed with time? Is the 
distribution variable? 

a HII the oed.ml prOllrtll.d or lilt 1'1101vlnll? 

a II thl.nlm.llleille? 

[\lr[ PHYSICAL EXAMINATION 

• The swelling should be palpated for evidence of 
pitting to confirm that true oedema is present. 
Hut, pain and redness may indicate inflamma
tion whereas cool, non-painful swellings are 
seen with vascular occlusion :and decreased 
lymphatic drainage. 

• The size and consistency of local lymph nodes 
should be evaluated. 

• With localized oedema the affected limb, its 
blood supply and drain:age lymph node must 

.'~"'O 
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~ examined. The swollen limb should be 
p.lllpalC.·d for the presence of muses and auscul
tated (.li continuous munnur c.lln often be heard 
over an A V fistula). 

• If oedema is prescnt in one or more limbs the 
animal should be examined for lameness .lind 
gait abnormalities. 

• Rectal examination should ~ performed to 
check for the presence of pelvic masses in the 
nsc of hindlimb oedema. 

• If hindlimb oWcm.l is present femoral pulse 
qU.lliry should be uscssed. 

• Observe the animal e.1ting and drinking to see 
if there arc any problems with swallowing 
(may indicate subm.lindibub.r or laryngeal! 
pharyngeal swelling), 

• Anim.lils with submandibular oedema ma}' 
become dyspnoeic. 

• If the oedema is generalized the aim o f the 
physical eX.lImin.ll tion is to rule out primary 
systemic disease and dcrailed examinations of 
the c.llrdiac. renal, hepatic 2nd g.15 trointestinal 
sy5tcms should be performed. 

• Ch«k for evidence of chronic inflammatory 
dise.15e, c;&rdiac disease, allergy, evidence of 
trauma. 

• Laboralory dala 

Initiall y, full routine haematological and bio
chemical profi les should be performed and must 
include the following. 

• TOMI pLumA prorein ron~lIlrAtiOll .15 well.15 an 
albumin:gIobulin ratio should be measured. If 
albumin and globulin levc.-!s arc both low then the 
po55ibility of g.15trointestinal loss, e.g. protein
losing enterop.lth}'. should be investigated by 
examination of fa«.11 samples for parasites and 
occult blood. Funher investigations such .15 gut 
biopsy ma}' be rl-quircd for definitive diagnosis 
of enteropathies such as Iymphangi«tuia. 

• Liver enzymes shou ld be meuured :although 
these may be within normal limits in chronic 
liver disease, e.g. cirrhosis or fibrosis . Hepatic 
function should be assessed by the use of spe
cific hepatic function tests, e.g. serum bi le salts 
or plasma ammonia concentrations. 

• Urinalysis 

Urine shou ld be checked for the preSence o f an 
exce5si"e amount of protein if the animal is 
hypoalbuminaemic (sec s«tion o n ascites). 

I FURTHER INVESTIGATION 

• Radiography 

This should include thoracic radiography to 
assess card i.llC size and shape, the sizc of the caudal 
vena C.lV:1, and to screen for the presenCe of 
intrathOr.lcic masses and periurdial or pleural 
effusions. 

Abdominal radiographs should be assessed for 
altel7otions in hepuic size o r the presence of 
ascites. Hepatomegaly may indicate passive 
venous congestion associated wilh right-sided 
congestive heart failure and microhepatica will be 
seen in cirrhosis and in many C.15e5 of pono
systemic shunting. The visualization of enlarged 
kidneys may suggest a diagnosis of glomerulo
nephritis. 

• Ultrasonography 

Examination should include echocudiography 
in cues of suspected cardiac dysfunctio n. 
Examinatio n o f the larger "essels may detect the 
presence of "enous obstruction such as thrombo
sis. Hepatic ultr.lsonography may show hepatic 
venous stasis and cirrhosis. Doppler uh rasono
gf'3phic euminalion may be very usefu l for iden
tifying arteriovenous fistulae. If the kidneys are 
enlarged. renal ultrasonography is indicated I() 

identify an}' abnormalities in renal archit«ture. 

• Venous pressure measurements 

If possible, central venous pressure should be 
measured .lind poslcapillary venous pressure 
measurementS can also be performed (normal 
-1 to S cm of water). 

• Ang iography 

Identification o f arteriovenous fistu lae requires 
anenal injection of contr.l5t agent which is prob
ably beyond the scope of most sm.llil animal prac
tit ioners. Venous .angiognms can be performed in 
cases of suspected "enous obstruction. These arc 
simple to pcrform and require the injection of a 
water-soluble, iodine-based contrast agent into a 
vein dinal to the susp«tcd occlusion. 
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• lymphangiography 

This is also a ttthnically skilled procedure 
whereby the lymph:uic vessels in the affected are;!. 
are identified and surgically exposetl. An oily con
l fast agent (Lipiodol Ultra-fluid) is introduced 
into the vcssel and r:1diographs taken immcdi
;uely. Water-based agents are nm suitable for 
this procedure as they extravasate t OO quickly. 
However, intradermal injection of 10 mt of a 
water-soluble, iodine-b:ued contrast agent will be 
uken up into the lymphatics. The disadvantage of 
this technique is that if oedema is affttting one 
limb the procedure must be repeated on the unaf
fected leg to provide a normallymphangiogram. 
The intradermal inj«tion of this volume of con
trast can cause severe skin sloughs. 

I Radiolabelled album in excretion 
studies 

This is a spttialized ttthnique not readily avail
able. The p resence of intravenously injC1:ted j'C r
labelled. albumin in thc faC1:cs is quantiuted in 
24 h faeca l collections on three consC1:utive days 
postinjeetion. The amOUl\( o f labelled albumin in 
the faeces is compared to the amount injected to 
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determine the percentage loss. Normal dogs lose 
5.5 % of injected "Cr in the first 72 h. Dogs and 
cats with protein-losing enteropathies can lose 
10-84% of the injected material w ithin three 
days. 

I Cytotoglcal and/or histological 
examination of biopsy material 

Cytological or histological examination of 
affectcd tissue or cnlarged lymph nodes may 
provide e\,jdence of inflammation or neoplasia. 

I THERAPY 

Treatment is largely directed at the underlyi ng 
cause. Oedema often develops as a result of a 
combination of predisposing factors. Identi
fication and correction of these may reverse the 
oedematous sute. Symptomatic therapy may also 
help, e.g. a plasma transfusion will tcmporarily 
corrC1:t a hypoprotcinaemic state and onhostatic 
oedema may bc reduced by the usc of suppon 
bandages o r physiotherapy to promotc venous 
return. 
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Abdominal Pain 
K.J. Dunn 

Pain results from the physical o r chemical stim
ul:uion of nociceptive nerve endings o r nerve 
fibres . Abdominal pain can be dusifiro :lS vis
cc::~I, deep somatic or referred. Like the skin. 
the parietal surfaces of the :l.bdonlinal o rgans arc 
richly inncrv;J.tcd with many fibre types includ
ing fitS! (dell:1) fi bres. This allows appreciation 
of a wide variety of pain sensations such as 
pricking, aching and burning, and since there is 
abundant inncr'\'J.tion, the scns:uion is localiz.ed 
OYer the painful arc.. . The gastrointestinal 
mucosa h;l.s a similu distribution of pain recep 
ton to the skin :md thus is quite sensitive 10 

irrit;ltion :md painful stimuli. Stimuli c:l.Using 
diffuse stimulatio n of pain " ern endings 
throughout a viscus C:luse more pain than local
ized damage, e.g. surgical incision through a 
bowel loop is relatively painless but ischaemia of 
a bowel loop is \'ery painful. 

Visccr;ll pain is usually duc 10 excessivc tension 
on nerve endings in smooth muscle activating the 
mcchanorcccptors of C fib res. Most visccr;l] pain 
is transmiued through type C fibres which nn 
only transmit burning or aching pain. The 
parenchyma o f tllC~ livcr is almost insensitive to 
painful stimuli but the bile dUClS, ureters, fallop
ian tubes and perito neum arc extremely sensitive. 

Pain is primarily localized by the brain to the 
spinal segment corresponding to the nerves 
which are stimulated. The accuracy of localiZ2-
tio n therefore depends on the size o f the area of 
innervation synapsing at a given spinal segment. 
Referred pain is pai n which occurs in addition to 
(or in the abscnce of) true visceral o r deep pain. 
Referred pain is felt at a site o ther than that of 
stimulation, in decp or superficial structures sup
plied by the same or adjacent neural segments. 
Pain is usually referred to other pans of the 
same nerve segment but may spread to adjacent 
segments, or occasionally corresponding seg
ments o n the opposite side o f the body. Pain is 
referred mo re commo nly to the ventral rather 
than dorsal pans of the body. 

I PATHOPHYSIOLOGY 

Abdominal pain results from one of five dis tinct 
mechanisms. 

t . Distension of a hollow viscus, e.g. bowel 
obstruction (caused by tumour o r foreign 
body), o r a urinary calculus lodged in the 
ureter or urethra. 

2. Traction on peritoneum or mesentery, e.g. 
torsion of bowel or some other organ. 

3. Ischaemia caused by severe stretching o f an 
organ (e.g. gastric dilation) or compromised 
blood supply (e.g. splenic torsion). 

4. Innammation of or chemical damage to viscera. 
5. Spasm of smooth muscle of a ho llow viscus. 

I MANIFESTATIONS OF ABDOMINAL 
PAIN 

• Physiological r.spons. 

• Tachycardia 
• T achypnoea 
• Pupillary dilation 
• H yperthermia ± sweating 

• Behavioural response 

• Abnormal posture and gait, e.g. arching of the 
back, unwillingness 10 move, praying stance 
(elevation o f hindquaners whilst crouching at 
the fro nt (Fig. 19.1». 

• Vocalization. 
• Failure to take in adequate food and water. 
• Pacing/restlessness (displacement activity). 
• D isinclination to be examined, e.g. palpation of 

Ihe abdomen provokes a withdrawal or defence: 
response (abdominal guarding). 

The numerous causes of abdomin;!.1 pain are: IiSled 
in Table 19.1. 
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Figu1"I19.1 A S.year-oid whippet adopting the 'praying 
stance' due to cranial abdominal pain. Photograph cour
tesy 01 Michael Hemage. 

• INVESTIGATION OF ABDOMINAL PAIN 

I§~I HISTORY CHECKLIST 

1:1 Does lIIe .nlmll show signs ol.bdomln.1 
dlscomlort? 

Owners may recognize: abdominal pain because 
the animal is obviously uncomfortabl~ {il may 
pace, lick its abdom~n. growl wh~n picked up 
or it may adopt an abnormal posture, e.g. a 
'praying stance' (Ke Fig. 19.1) wilh crania.l 
a.bdominal pain associuro wilh aCUIe pancreali
n,. 

a Are lIIe Signs continuous or Intermittent? 
Cramping abdominal pains are usually rhe result 
of rhythmic spanic conlraclion$ of smooth 
muscle. e.g. gastroenteritis, constipation, ureteral 
obstruction. 

a " signs Ire Intermittent, do they octur al specific 
timn 01 the d.y or'l"I they .uocl.led wlth 
, .. ding? 

Periodicity and duration of signs and :lSsocialion 
with other events may help 10 indicate the under
lying caUst . With gaslrie ulceration. pain is caused 
by acid or irrilants in contact with the hypersensi
tive submucosa. Pain is reduced by earing but 
increases again after an interval, and vomiting 
relieves pain. 

1:1 .. the Iniml' llting Ind drinking norm.lly? 
lnapperance and reduced water inuke are often 
associuc:d with pain. The presence of polydipsia 
may indicate more specific organ disease:, e.g. 
glomerulonephropathy or hepatitis. 
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Table 11.1 DiMerential diagnoses 01 abdominal pain 

Gastrointestinal 
• GastrrtiSlgastroentenllS, eg campylobactertosls, salmo-....... 
• Ulctrallon 
• DilatlonlYolvulus 01 stomxh or Intesllne (lSChaem!a) 
• P!rforatlOll (pentorutls) 
• ObsIrUCtlOll (Intesllnallorelgn body, neoplasia or intus

SUsceptIOn) 
Hepatobillary Iract 
• Acute hepalltlS (rapid enlargemenl ollhe liver results In 

capsular str!lchlng) 
• Cnolelithlasls (bile duelS and oall bladder very sensilive 

to streICh) 
Pane:rus 
• Pancrea\J11S 
• Neoplasia 
Spleen 
• Torsion 
• Neoplasia (lalge splenic tumours may be palo1ul. 

probably due to stretching 01 capsule and ligaments) 
• 'nlecUon (rare) 
Peritoneum 
• PeritonlllS (aSSOCiated With pancreatitis, rupture(! 

pyometra, perforalJOn ol gastrOinlestJnal tract. or leakage 
01 urine Of bile) 

UrOllenltal 
• PyelOnephritIS Of tower unnary tract infection 
• Bladder mUSCle spasm. eo ml!ammalory disease 

(cystitIS) 
• Ureteral spasm, e.g, renal caiculL1S IodOed In llIeler 
• Obstruction t rupture 
• MetnllS (endometntislpyomttrl) 
• Acute prosta\JtlS 
• Neoplasia (prosute. bladder, ovary. relalned testicle) 
• TestJeularluterioe torsion (rail oceurrences In small 

arnmals) 

Miscellaneous 
• Abdomillal haemorrhage, e,g ruptured splenIC haem· 

angiosarcoma or lymphOma 
• Hypoadrenocorticlsm (AddISOIl$' lIlsease) 
• lead poisonl~ 
• VasculillS 
• Referred pain (diSC dISease, fractures. abscesm) 
• Steatitis (cats) 

1:1 Any Ilmeneu or sf,"neu, locomolor or gilt 
abnormllilies? 

These signs may be the result of primary 
orthopaedic o r spinal problems which may result 
in referred abdo minal pain, although any animal 
in pain may be reluctant to move. 

1:1 Any other ligRI 01 systemic iIIneu noled? 
Depression is commonly usociated with pain. 
Vomiting and diarrhoea are also no n-specific 
signs which may be associated with pain or Ihey 
may be: attributable to specific organ involvement, 
e.g. pancreatitis or hepatitis. 
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Any weight thange? 
Ascites may be mistll.ken for obesity by owners. If 
pain is C;1,used by neopluia there may be associ-
3.ted weight 1055. 

l'?tl PHYSICAL EXAMINATION 

Initi3.1 observation may suggest the prescnce of 
abdominal pain. c.g. abnormal movement of the 
abdominal walls during respiration. adoption of 
an abnormal posture or crying when lifted. 

The initial objective of the physical eumina
tion is 10 localize the sile of p3.in. It is imponant to 
ensure th;at the pain is arising from Ihe abdomen 
i[self. Pain may be referred to the abdomen from 
extra-abdominal sites; for eX:lmple spinal pain 
(disc disease), pol)'anhri tis, myositis :lnd pleurisy 
m:ly be m:lnifesled as apparent abdomin:ll pain. 
Once pain h3.s been localizrd to the abdomen 
det:liled abdomin:ll palpation m3.Y help to localize 
the pain more specifi cally. Funher investigation 
therefore is directed towards determining the 
nature of the lesion. 

o Palpalion 01 the abdomen 
The abdomen should be p3lp:ltt-d gently at first 
:and then in more detail, examining each organ in 
turn. In dogs the small intestine, large intestine 
:l nd urinuy bladder can be readily palpated and in 
cars :lnd non-obese dogs the kidneys should be 
easily localed. Where possible. pain should be 
localized to a p:l.nicular organ or :l.bdominal quad
rant. The crani:l.l left abdomin;al quadrant contains 
the liver, stomach, he;ad of spleen, p:mcreJ.s, left 
adren:ll gland :lnd kidney. The crani:ll right 
:l.bdominal qu;adn.m includes the pancreas, li \'er, 
pylorus, proximal small intestine, right adrenal 
gland :lnd kidney. The c2ud:ll qU:ldrams contain 
intestine, kidneys. ovaries, uterus (fem:l le), 
ureters, bladder, prOSl31e (male) and the left 
31so lIas thc splecn and colon. Abdominal 
organomegaly and :lbnormal m2S$e$ in the c:ludal 
abdomen can usu:llIy be palpated unleS5 there is a 
significant amount of free abdominal fluid or the 
animal is obese. If pain is diffuse, sueh as in peri
tonitis, the :l.bdomen may be acutely tender with 
boarding of thc abdominal musclcs, or it mJoY be 
tympanitic if gas-producing organi5ms are pre
sent. In some cases funher palpation may be 
impossible without analgesi3 or sedationl 
anaesthesia. 

Abdominal pain may be obvious during 
physic:ll eX:lmination but it is impon':l11l not to 
miss subde clues like abdominal tenSeneS5 or 3 

t~nd('ncy for the animal to move aW:I)' during 
palpation of cemin are:lS. If p05sible pain should 
be classified:lS diffuse or localized. 

o Reclal eramlnallon 
Rectal examination of the prostate gland is an impor
t2nt pan of tile clinical examination in m3!e dogs. In 
both sexes the pelvic canal, distal urogenit21tract and 
both anal ~C5 can be palpated per rcelum. 

I FURTHER INVESTIGATION 

• Radiography 

In cases wherc abdominal palpation is difficult, 
abdominal imaging is essential. In the absence of 
asci tcs, plain radiography will demonslrate organ 
size and shape, or dlc presence of dilated segments 
of bowel and n.dio-opaque foreign bodies. 
Loc:llizoo :lreas of perilOnitis, characterized by 
reduced abdominal delail, may also be identified 
(Fig. 19.2). If :lbnormalilies arc: detected or if pain 
h:lS bttn localized [0:1. specific organ then more 
detailed contrast radiography m2y be performed. 
fo r example, a double contrast g:lStrogram. 
barium meal, intra\'cnous urogram, double 
contn.st cystogram or retrograde urethrogram. 

• Laboratory data 

The choice of laboratory tests will depend on the 
:lCUlencss,se\,erityand area in which the p:lin is local
ized. Obsel'V2lion rna)' be the only necessary 3elion 
in the first insClnce but, in cases of SC\'ere or chronic 

Figure 19.2 Lateral abdominal radiograph 01 an B-year
old YOrkShire lerrier with acute pancrealitis showing 
poor abdominal detail particularly in the cranioventral 
abdomen. Photograph courtesy 01 Michael Herrtage. 



pain, additional laboratory in\'cstigation may ~ 
~uircd. ln manycases radiography maybcthemost 
valuable additional investigation but full haemato
logical;rnd biochemical scl'ttns :m indicated if radi
ography fails to identify an obvious lesion. 

H"m,tologl&6'6nmln,t/on 

The presence of a neutrophilia with a rq;enentive 
left shift may indicate acute inflammation or 
inf«tion. In conditions resulting in endotoxaemia 
(e.g. acute sepsis) and cenain viral conditions (e.g. 
canine parvovirus inf«tion), neutropenia may be 
noted. Haemognms should be evaluated for the 
presence of anaemia. An intensely regenerative 
anaemia may indicate the presence of acute haem· 
orrhage into the abdominal cavity (e.g. splenic 
haemorrhage from haemangiosarcoma or lym
phoma should be considered). Chronic haem
orrhage into the gastroimestinal tr:tCt resulting 
from gastrointestinal neoplasia or ulceration may 
result in iron deficiency anaemia. 

In all bleeding animab where a cause cannot be 
established, a platelet count should be performed, 
and a cOil.gulation profile, including one·stage 
prothrombin time, activated panialthromboplas
tin time and fibrin degn.dation products. is indi
cated to detect coagulopathies and congenital or 
acquired defecu in haemosusis. 

Bloch6mlClIscrlln 

A complete biochemical profile should include 
urei!.., creatinine. total plasma proteins, albumin, 
liver enzymes, cI«trolytcs, glucose, lip;uc, amy
lase and trypsin-like immunoreactivity rrU ) 
(especially cats). Urea and creatinine may be 
increased in acute renal disease or urinary tr:tct 
obstruction. Globulin levels arc often increased in 
chronic infl am matory conditions and hypopro
teinaemia may be due to protein los$ from the gas
trointestinal or urinary tract, chronic hacmorrhagc 
or chronic hepatic disease. Pancreatitis often resultS 
in marked elcvations of amylase, lipase levels or 
TLI, ;lnd albu min and calcium le\,e1s arc oft en low. 
A d«rcascd 5odium:potassium (;ltio (often in asso
ciation with mild hyperc2lcaemia) may indicate 
hypoadrenocorticism. M:a.rked hypercalcaemia 
should be investigated further. In 2ddition bile salts 
and bilirubin should be measurw if there is any 
suggestion of hepatic disease. 

Urln,lysls 

Urinalysis. particularly specific gr.avity in con
junction with plasma ure:a 2nd creatinine conce:n-
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ltations, provides an indication of renal tubular 
function. The presence of significant proteinuria 
(se:e Chapters 9 2nd 41 ) suggests glomeru· 
lonephropathy. Urine sediment should be: exam· 
incd cytologically for evidence of urinary tr.act 
neoplasia. inf«tion or crystalluria. 

FIBCII.n"ysls 

In all cases of suspected gastrointestinal haemor
rhage, f;lcccs should be examined for the: presence 
of melaena. This may be intermittent in nature so 
faecal s.amples should be observed over a number 
of days. Analysis for occult blood may be: per
fo rmed by feeding a meat-free diet for 1-4 d;lYs 
and then collecting a number of fa ecal samples for 
examination. In dogs and cats this u'St is notori
ously unreliable. False positives arc common due 
to meat protei ns present in the diet or as a result of 
cimetidine or iron therapy. False negatives may 
also occur due to poor mixing of blood ill the fae
ces or intermittent blewing. 

Faecal cultu re for Salmonella 2nd Campy/o
baCIa species should be performed in all cases 
where diarrhoea is associated with abdominal 
palO. 

• Abdominal ullrasonography 

This is indicated in almost all causes of abdomi
nal pain. However. in many cases ultrasono
gnphy is difficult without heavy sedalionl 
analgesia because the pressure: of the probe: over 
painful are:as causes extreme discomfort. 
Ultrasonogn.phic examination of the abdomen 
is extremely import:lnt when the presence of 
free abdominal fluid makes radiographic im2g
ing techniques less sensitive (Fig. 19.1). 
Examination of live: r, spleen. kidneys, bladder 
and prostate should be possible in vinually all 
animals. Pancreatic, ad renal, gastric and intesti
nal ultrasonography is possible in the hands of 
an experienced operator and ultrasonogr:tphic 
examin:l.tion of the genital t(;lCt may be useful 
where abnormalities :lfe present, e.g. uterine 
enlargement or a retained test icle. 

• Endoscopy 

This may be indicatw whe:re: prim3ry gastric or 
upper gastrointestinal pathology is suspected, 
e:g. gastric or small intestinal (jejunal) ulcen.
lion. 
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flgure19 .3 Abdominal uttrasonograph altha same ani
mal as in Fig. 19.2 demonstrating a mass-like structure 
arouncllhe proximal small Intestine In the region 01 the 
pancreas (arrow). Note the presence of a small amount 
ollree abdominailluid. Photograph courtesy of Michael 
Hernage. 

• Abdominocentesis 

If free abdominal fluid is preScnt,:I sample of fluid 
may be collcclw by abdominocentesis for cytO
logic:!1 ilnd biochemical analysis (~C Chapter 18 
for technique). 

I MANAGEMENT OF ABDOMINAL PAIN 

The aim is to tC'move the cause if possible. or 10 

provide 5upponivC' thcr:lpy whilS! Ifc;uing pain 
symplomaliully if necessary . 

• Symptomatic therapy 

The usc of analgtsia c;l.n be "cry dangerous in 
coues of abdominal p;ain where :I diagnosis has 
not been reached. Potent analgesics (panicularly 
opiates) may mask pain and allow a potentially 
life-threatening condition 10 develop unnoticed. 
Non-steroidal anti -inflammatory drugs should be 
used wilh caution due to thdr tendency to predis
pose to gastroi ntestinal ulceration and haem
orrhage which may ex;tccrb:lte :l pre-cxisting 
condition. Antispasmodics such :ts atropine or 
hyoscine an: also probably bcsi avoided until :l 
definitivc di:tgnosis hu bcen reached. 
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lymphadenopathy 
J. K. Dunn 

During fomine physical examination the sub· 
mandibular. superficial cervical (prcscapu)ar), 
popliteal and inguinal lymph nodes may be 
palpat~ in a normal animal; other lymph nodes 
such as the retropharyngeal, cervical and axillary 
are usually palpable only in very thin animals o r if 
they are enlarged. A loss of surrounding fat in 
geriatric o r cachectic animals may make normal 
lymph nodes appear morcrromincnr. 

The strict definition 0 lymphadenopathy is 
disease of the lymph nodes but sinu most inflam
matory, infectious or neoplastic diseases involv
ing lymph nodn result in their enlargement the 
term is often used synonymously to d~ribc the 
enlargement o f o nc or more lymph nodes. 

A lymph node rep resents an ;!,ccumu[;uion of 
lymphoid tissue located along the course of lym
phatic vessels. They arc sites o f lymphocyte pro
duction and form part of the reticuloendothelial 
system, now referred to as the monocyte phago
cyte system (MPS). As such, they pl3Y a cri tical 
ro le in the body's defence against noxious stimuli 
such as bacteria and toxins. The lymphatic system 
also functions to return interstitial fluid to the 
bloodstream. Lymph flow is unidirectional and 
each set of lymph nodes is responsible for drain
ing a specifi c area of the body. 

Lymph nodes are composed of T :rnd B lym
phocytes. B lymphocytes are located primarily in 
the cortex of the lymph node and arc arranged in 
small follicles each with a germinal centre. The 
par:acortical regions of lymph nodes are com
posed of dense accumu13tions of lymphocytes 
(primari ly T lymphocytes) in close apposition to 
macrophages and dendri tic cells. The dendritic 
:rnd interdigitating cells of lymph nodes fu nction 
as macrophages. These cells possess surface 
receptors for C, and the F, fragment of 
immunoglobulin, and can be stimulated to 
express major histocompaubility complex 
(MHC) class II antigens. Their main functio n is 
the phagocytosis of putieulate material and the 
presentation of :rntigen to lymphocytes. 

Lymphocytes o riginate in the bone marrow, 
the largest lymphopoietic tissue, from commit
ted lymphoid stem cells and mature in bone 
marrow and thymus (primary lymphoid o rg:rns). 
In mammals, B cells mature in the bone mar
row; some stem cells seed the thymus where 
they arc processed to become T lymphocytes. 
The production of pre-B cells in the bone mar
row and T cells in the thymus occurs indepen
dently of antigenic stimulation. Lymphocytes 
migrate from the primary lymphoid organs to 
s«ondary lymphoid organs where subscu of B 
and T cells develop in response to :rntigcnic 
stimulation. B cells migrate to the lymphoid fol
licles of lymph nodes, spleen :rnd SUI-associated 
lymphoid tissue; T cells migrate to the paracor
tical regions of lymph nodes, periarterial sheaths 
and parafollicular areas o f the gut-associated 
lymphoid tissue. 

Most B cells arc to be found in the bone 
marrow and spleen whereas the thymus, lymph 
nodes and thoracic duct lymph are composed 
primarily of T cells. B cells are generally short
lived in contras t to most T cells which are long
lived and recircu13te from blood to lymph 
nodes via the lymphatic vessels and then back 
to blood again. 

I FUNCTIONS OF B ANO T 
lYMPHOCYTES 

• B Iymphocyles 

Antigenic stimulation of B cells resulu in their 
blas tic transformation to plasma cells which 
then synthesize and store immunoglobulin. 
Antibody production occurs mainly in the 
lymph nodes. Some B cells, like macrophages, 
can present antigen to T cells. B cells recognize 
antigen via their surface membrane-bound 
immunoglobulin. 

AvtorSKO zas~ te 10 gradivo 



152 I PROBLEM·ORIENTED MEDICINE 

• T Iymphocyles 

T cdls play an impomm role in cdl·mediated 
immunity and also modulate the humoral 
immune response. T suppressor cell dysfunction 
is often implic:lted in the pathogenesis of autoim
munity. Both stimulated Band T lymphocytes rr 
hdper cclls espC'<:ially) produce soluble substances 
known :u Iymphokines which are important in 
the pathogenesis of infbmmatory and immuno
logic;al responses. Thesc subst;ances include inter· 
ferons . interleukin-2 ;and macrophage aClivning 
factor . 

T helper (T J cells 

The T~ cdl receptor interacts with specific antigen 
presemed with class II MH C antigen expressed 
on the surface of an antigen presenting cell such as 
a macrophage. Activated, T ~ cells stimulate the 
transformation of 8 cells into plasma cells, and 
they also activ;ate cytotoxic T cl.'lI$. 

T suppresso, IT J CBlIs 
T suppressor cells ;arc regulatory lymphocytes 
which specific;ally suppress the immune response 
to a specific antigen by releasing suppressor 
faCtors Ihal inhibit T ~ and B cells. 

Null cells 

Null cells possess receptors for lhe F. eomponent 
of immunoglobu lin ;and T ;and B eell markers. 
This population of cells, which have the morphol
ogy of large granubr lymphocytes. includes Iym
ph~.)'tes with killer (K) ;and n:nural killer (NK) 
actlvuy. 

I CAUSES OF LYMPH NODE 
ENLARGEMENT 

Lymph nodc enlargement may be generalized 
or may involve a single node (fable 20.1). The 
c:lI.i!e of the lymphadenopathy c;an often be 
esublished on the basis of eytologic;al examina
tion of a fine needlc :upirate of the enlarged 
node. Possible causcs include ncopl;!.si:. (pri
mary. e.g. lymphoma. or metastatic tumour 
deposits) and inflammation (either infection or 
antigenic stimulation associated with im mune
mediated disease). Extr:lmedull:try haemopoiesis 
or myeloid metaplasia are rare causes of lymph 
node enlargement. 

• Isolaled lymph node enlargemenl 

Acute inflammation of :I lymph node usually 
results in heat, tendernesss and reddening of the 
overlying skin. Inflammation is often associated 
with staphylococcal or streptococcal infections 
and abscess formation (suppurative lymphadeni
tis). If infection becomes chronic the lymph node 
may either abscess and eventually rupture or it 
may progress to a chronic granulomatous or pyo
gf1lnulomatous response. This is especially true of 
deep-seated fungal infections or with infections 
associated with Nocardia spp., Actinom),«t spp. 
and mycobacteri;!.ceae. Many dogs and cats with 
periodontal disease have mild to moder.ttely 
enlarged submandibular lymph nodes. 

If, on cytological examination, signs of local
ized inflammation arc :.bsent. neoplasia for exam
ple, isokated lymphoma should be suspected. 
It is worth nCling that large lymphom:uou5 
lymph nodes m:ly develop necrotic centres. 
Consequently a fine needle aspirate taken from 
the centre of such a node may not be representa
tive of the primary disease process responsible for 
the lymphadenopathy. Foci of metast.atic tumour 
deposits within a lymph node C2use it to enlarge 
beC2use they stimulate lymphoid hyperplasia and 
a concurrent inflamm:ttory response (occasionally 
tumour metastasis can occur without obvious 
lymph node enlargement). The affected lymph 
node nOt infrequcntly becomes 'fixed' to sur
rounding tissues. Carcinomas arc the most com
mon sol id tumours to rnetastasiu via lymphatic 
channels (nrcomas do so much less frequently); 
other tumours which spread preferent ially via 
lymphatics include malignant melanomas, mast 
cell tumours and transmissable venereal tumouTS. 

• Generalized lymph node enlargemenl 

Mild gener;alized lymph node enlargement lIlay 
be associated with septicaemialbacteraemia, the 
early phase of many viral infections (e.g. fcl ine 
leuk;!.emia virus infection), gener;alized demodico
sis, chrlichiosis. leishmaniasis, and immune-medi
:lted disorders such as autoimmune haemolytic 
an;!.emi;!. and the immune-mediated poly· 
anhropalhies. t-,'Ii ld transient generalized lymph 
node enlargement may occur after vaccination. 
Neoplastic causes include multicentric lymphoma 
which occasionally may involve just one lymph 
node (sec above) or more frequently either a 
group of nodes (e.g. submandibukar lymph nodes) 
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rabll21J.1 Causes of isolated or generalized lymph node enlargement 

C.llse 

Infection In adjaeanltissues, I.g. abscess formatIOn, 
cellulitis, deep pyoderma 

Periodontal disease 

Septicaemfa/bacteraemla or the acute phase 01 most 
viral inlectlOlls, e,g, FelVor FIV 

Gel'leralized skin disease (e.g. demodicosis, sarcoptic 
manoe, Ilea bite allergiC dermatitis) Itypereosmophllic 
syndrome (cats), leishmaniasiS, ehr1ichlosls 

Immune-mediated disease, e g. autoimmune 
haemOlytic anaemia, Immune-mediated 
polyarthropathy 

LympOOmil 

PrImary haemopoietlC neoplasms, e,g, IymptlOma 
(see abow), leukaemlas. plasma cell myeloma 
and systemic or malignant histiocytosis 

Metastatic neoplasia 

Vaccination 

Comment 

Ohen isolated enlargement of drainage lymph node assocrated WIth 
suppurative lymphadenitis, pyogranulomatous lymphadenitis or 
lymphOid hyperplasia 

Mild/moderate enlargement of submandibular lymph nodes 

Mild generalized lymphadenopathy 

MIld/moderate generalIZed tymphadenopaltly 

Mild generalized lymphOid hyperplasia 

May involve one lymph node or one group 01 nOdes, eg . 
submandibular lymph nodes. more ollen oeneralized 
tymphadenopattly; lymph nOdes often extremely large, firm but 
non-paln/ul: lymph node size may lIuctuate sponll1neously 
especially WIth Iow-grade forms 

These primary bone marrow disorders may result in secondary 
Infiltration 01 lymph nodes WIth neoplastic cells 
and mild generalized peripheral lymphadenopathy 

Often one lymph node Involved which may become 'fi~ed ' to 
sulfounding tissues 

Mild transient generalized lymphadenopathy may occur after 
vaCCination 

or all peripheral and internal lymph nodes, With 
lymphoma, the lymph nodes arc often extremely 
large. firm but non-pai nfuL Lymph node size may 
fluctuate' spontaneously especially with the rarer 
low-grade fonns of the disease. 

o With cats , has there been a history of fighting 
resulting in bite wounds/absclsses, recurrent 
lameness, episodes of pyrexia , etc? 
Localized abscessatio n is more likely to give rise 
to enlargement o f a single node, 

I INVESTIGATION OF 
LYMPHADENOPATHY 

I§~I HISTORY CHECKLIST 

a Agl? 
Lymphoma is a more likely cause of generalized 
lymph node enlargement in animals more than 
5-6 years of age:. 

a History 01 reclnt travel or vaccinallon? 

a Sin of node and ratl of growth? 
With lymphoma, lymph nodes tend to be much 
larger and increase in size quite rapidly. 

o Is node painful and hot? 
If so, probably associated with infection. 

o Haye any masses beln remoilid previously from 
thl skin or adlaclnt soft tissues? 
If so suspect tumour metastasis in the node. 

o Has animal shown signs of systlmlc IIlnlss, I ,g. 
anorexia, weight loss, lethlrgy, pynlia , vomiting , 
dlarrhola , polydipsia, potyuria? 
In this context it is worth noting that many dogs 
with multicentric lymphoma appear quite bright 
on initial presentation. 

1",1 PHYSICAL EXAMINATION 

When examining a young cat o r dog the lymph 
nodes may appear more prominent than they do 
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in older animals because they are not obscured 
by large anlounts of body fat . H aving estab
lished a lymph node is increased in size an 
anempt should be made to record the si7..C of 
the node{s) as accurately as possible with a pa.ir 
of calipers. If 3n isolated lymph node is 
in\,ol\,ed repeated examinations are essential to 
ensure that other nodes in the lymphatic chain 
do not become involved. The consistency of the 
node should be recorded together with the pres
ence of any pain. W hen o ne or more lymph 
nodes 3Te enlarged. the overlying skin and adja
cent soft tissues and/or bony structures which 
drain to the affected node should be examined 
for the presence of an inOammatory or neoplas
tic lesion. With infl'Ction there may be heat, 
tenderness and erythema of the overlying skin 
or possibly even abscess formation involving 
the soft tissues adjacent to the node. Lymph 
nodes which contain metas tatic tumour deposiu 
3Te also o ften firm, warm and painful and may 
be 'fixed' to underlying tissues. Palpation of the 
node may reveal 'cording' o r thickening o f 
efferent lymphatic \'esscls suggesting lymphatic 
spread of a tumour. In contrast, with lym
phoma, although the nodes may be extremely 
large and firm they arc usually mobile and non
painful. Occasionally a large lymphomatous 
lymph node is associated with lymphoedema o f 
the surrounding soft tissues resulting from 
partial obstruction of lymphatic drainage. 
lo.bssivcly enlarged submandibular or tracheo
bronchial lymph nodes may result in stenorous 
respiration o r dyspnoea. A full physical exami
nation of an animal with generalized lymph 
adenopathy should include careful palpation of 
the abdomen for evidence of splenic and/ or 
hepatic enlargement. A rectal examination 
shou ld be performed to check for the presence 
o f enlarged sublumbar lymph nodes. 

I INITIAL DIAGNOSTIC PLAN 

• Fine needle lymph node aspirate 

Fine needle aspir.\lion (FNA) is simpl~, inexpen
sive and easy to perfo rm and is a technique which 
may be used to obtain cdls for cytological exami
nation from any soft tissue mass. Fine needl~ aspi
ration of an enlarged lymph node in mon cases 
will differemiate lymphoid hyperplasia, i.e. a reac
tive node from one which is lymphomatous or 
contains metastatic tumour deposits. Lymph 

node cyto logy may detect a specific infection such 
as l ~ishmaniasis, IOxoplasmosis o r infection with 
Mycobacteria spp. 

An aspirate should always be taken before 
treatment commences since corticostero ids and 
cytotoxic therapy may consider3bly alter cellular 
morphology. During microscopic examination of 
the smear, the slide should always be scanned 
under low power magnification first in order to 

detect small foca l clusters of metastatic tumour 
cells with different morphology and staining 
characteristics. 

Technique for fin. needl'lIsplralion of • lymph 
nod. ($88 Chapter SO) 

I. Clip and surgically prepare the skin over the 
lymph node. 

2. Immobilize the mass between thumb and fo re
fin ger (if the node can be immo bilized by 2n 
assistant, both hands are freed to aspirate). 

3. Introduc~ th~ needle (usually one inch x 21 
guage) with the syringe attached and direct it 
towards the centre of th~ lymph node. 
Ahernatively, th~ ne~dle C2n be inserted sepa
rately and the syringe attached aftcrwards 

4. Apply strong negative pressure by withdraw
ing the plunger one half to threequarters the 
volume of the syringe. Then redirect th~ needle 
and repeat the aspiration procedure uking care 
not to withdraw the needle from the mass 
when redirccting. 

5. Maintain slight negative pressure and withdraw 
the needle quickly from the mass. 

6. Remo\'e the needle and draw air into the 
• syringe. 

7. Replace the needle and fo rcefully expel the 
aspirated contents onto a clean glass slide; 
always prepare several smears in case special 
nains are required. A suitable technique for 
preparing a sme;l( is illustrated in Fig. 20.1. The 
smearing technique requires practice since 
lymphoid cells are easily smudged or distoned 
by excessive pressure during spreading 
(Fig. 20.2) . 

• Lymph node cytology 

A fine needle aspirate taken from a normal lymph 
node consistS primarily of small and medium
sized lymphocytes, a smaller number of Iym
phoblasu (usually less than 15%), a few plasma 
cells and the occasional macrophage. The cyto
logical appearance varies depending on the patho-
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Agul"l 20.1 lymph node aspiration: preparing a smear 
for cytological examination. 

logical process responsible for the lymph node 
enlargement. 

ACHtt suppHrative lymphadenitu is character
ized by increased numbers of neutrophils show
ing moderate [0 severe degenerative changes. 
Large n~plas tic lymph nodes may undergo 
similar central inOammatory o r nccrotic changes 
which may obscure the underlying nroplu tic 
process (Fig. 20.3). There may also be increased 
numbers of reactive macrophage!, lymphocytes 
and plasma cells. Increased numbers of 
macrophages arc a featu re of granulomatous or 
pyogranulomatoHf ulponscl associ:ued with fun
gal agents and intracellular bacteria (e.g. 
Mycobactrnum spp., Nocardia spp.). Occasion
ally bacteria arc prescnt in neutrophils or 
macrophages. 

Lymphoid hyperp/askt. indi~tcs a more chronic 
response to no n-infectious antigenic stimuli (e.g. 
inflammatory mediators or antigen-antibody 
complexes). Lymphoid hyperplasia is character
ized by a predominance o f small and medium
sized lymphocytes with a variable number of 
Iymphoblasts and plasma cells (the number 
refl ecting the degree of antigenic stimulation). 
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Figure 20.2 A non-diagnostic lymph node aspirate. Poor 
technique during smear preparation has resulted in 
severe cellular and nuclear disruption. (May-Gninwald 
Giemsa; original magnification xI2S.) See colour plate. 

The larger more reactive lymphocytes typically 
show marked chromatin clumping (Fig. 20Aa). 
There may also be increased numbers o f neu
tro phils, macrophages, mast cells and eosinophils 
in reactive lymph nodes (Fig. 20Ab). Sub
mandibular lymph node aspirates taken from ani 
mals with dental d isease/ gingivitis frequently 
contain significant numbers of neutrophils and 
macrophages. Aspirates taken from the lymph 
nodes of cats with flea bite allergic derm:llitis o r 
hypereosinophilic syndro me conrain increased 
numbers of eosinophils. 

-- . 

, 

• 

" '" ( ... 
-.. ,..-

Flgufe20.3 Fine-needle aspirate laken from the necrotic 
centre of an enlarged submandibular lymph node. This 
aspirate consisted of a large number of degenerate neu
trophils and fewer macrophages. There was no clear 
indication that this node was neoplastic although subse
quent histopathological examination showed that this 
was the case (lymphoma). (May-GninwaJd Giemsa; 
xSO.) See colour plate. 
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Figure 20 .• (a) Fine needle aspirate 01 a reactive lymph node showing lymphoid hyperplasia. The aspirate is moder
ately haemodiluted. The nucleated cells. present with the exception olthe single neutrophil. are small or medium-sized 
lymphocytes showing clumping 01 nuclear chromatin. (b) Fine needle aspirate 01 a lymph node Irom a dog with 
Immune·mediated polyarthritis. This consists 01 a mixed population 01 small and medium-sized lymphocytes, plasma 
cells, neutrophils and macrophages. The number ollymphoblasts comprised less than to% 01 the nucleated cells 
counted. The increased number of plasma cells present suggests a degree of antigenic stimUlation. (May-Grunwald 
Giemsa. (a) x250; (b) )(50.) See colour plate. 

With Iymphomll the normal cell population is 
replaced by a monomorphic population of 
Iymphoblasts showing varying degrees of cellular, 
nuclear and nucleol;lr pleomorphism (Fig. 20.5). 
Lympho mas may be classi fied on a cytological basis 
as low, inlermediate or high grade IUmou rs. 
Classification of cel l rype requires eareful altention 
to nuclear size and shape, nucleo lar size, shape and 
number, chrom;ltin pattern and mitotic rate. The 
size of the lymphocyte nuclei compared (0 the size 

Figure 20.5 fine needle aspirate of the submandibular 
lymph node 01 a dog showing unequivocal evidence 01 
lymphoid malignancy (lymphoma). A monomorphic 
population of pleomorphic Iymphoblasts is present. Note 
the extreme variation in nucleolar size, shape and 
number. The cy!ology in this case is consistent with a 
diagnosis 01 lymphoblastic lymphoma. (May-Grunwald 
Giemsa x25O.) See colour plale. 

of a red blood cell acts as a useful guide in deter
mining cell size. The nucleus of a malUre smal1lym
phocyte is approximately equ;ll in diameter 10 a red 
blood cell (RBC). The cri teria used in the National 
Cancer Institute Working Formulation classifica
tio n system are given in Table 20.2. 

Tumour metaJlases may be focal or, in some cases, 
so extensive that the normal population of cells is 
replaced by sheell o r large clusters o f neoplastic 
cells. Focal tumour deposits ;lre o ften ;l.ssociated 
with a concurrent inflammatory response and/ o r 
lymphoid hyperpl;l.sia (Fig. 20.6) . 

• Full haemalologlcal examlnallon 

This should include a reticulocyte count (if 
anaemic) and a platelet cou nt. The blood fi lm 
should be checked for the presence of neoplastic 
lymphoid cells o r lymphocytes wilh atypical 
morphology. Many cases o f lymphoma. ineluding 
some in which bone marrow aspi rat ion cytology 
confirms marrow invoh'ement, ma), have normal 
haemato logy. Animals with a more severe, diffuse 
infiltrate may present with one o r more cyto
penias. Infectious or inflammatory/ immune
mediated disease may result in a neutrophilic 
leucocytosis and a high plasma fibrinogen con
centration. Septicaemia ;l.nd bacteraemia may 
cause neutropenia and a degener2.tive left ~hift; 
Iymphorenia is a common fCllure of the acute 
phase 0 most viral infections. Animals with lym-

o 
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Table 20.2 Cytological classification ol lymplloma 

Grlde ollamour 

LowQFade 
Dit/use small lymphocytic 

Follicular (small cleaYed or mixed) 

Intermediate gf1ldti 
FollICular large 

Dit/use small cleaved 

Dittuse mixed 

Diffuse large non-cleaved 

High graritJ 
Immunoblaslic 

Lympooblaslic 

[Muse smail cleaved 

RBC. red blood ceiL 

LYMPHADENOPATHY I 157 

Comments 

Cells indistlf"lgulshable from benign small Iymphocyt!S; mitotic 
rate is lOW: nuClei approximatety one RBC In diameter; uniform 
chromatin pattern with one small nucleolus: most are B cell 
tumours, respond poorly to chemotllerapy but overall survival Is 
better than average 

Follicular forms are rare in tile dog 

Difficult to diagnos~ on a cytOlogiCal baSis: cells similar in appear
ance to thOse 01 tile dltluse large noo-eteaved 101m. Le. large 
nuclei at least 2 x RBC In diameter wltll mullJple nucleoli: Iligh 
mitotic rate. 

low mitotic rate, nudet less than one RBC In diameter; dense 
stamlllg nuclei (may obscure hnear clells): coarse, condensed 
chromatin pattern With one small nucleOlus: Band T cell phellO
types; progoosis nol established. 

0ccasI0II31 mitotic figure; population 01 small cleaved cells With a 
minonty 01 large cells: difficult to dltterentlate from benign hyper
plasia but WIIh diffuse mixed Iympooma usually only two cell 

"'" 
Higll mitotic rate; nuclei 1.5-2.0 limes larger tllan an RBC in 
diameter; nuclei round/oVOid With uniform 10 cnbnlorm chlO' 
matin pattern and multiple large. pale nucleoli; cytoplasm pale 
staining and easily ruptured prognosis aver.tge 10 good: most are 
B cell tumours. 

High mitotic rale; nuclei val)' in size (usually aboul IS x RBC in 
diameter): nuclei round/ovoid With cribriform chromatin pattern: 
Single or occaSionally two very large prominent central nucleoli: 
moderate to abundant basoptlilic cytoplasm Mill clear GOIgI zone; 
almost all are B ceil iumours; prognosiS average (approximately 
20% survive one year witll standard Chemotherapy). 

Mitotic rale may be extremely high; convoluled (common) Of 
non-con\IQluted (rare) forms: nuclei abOut 1.0-1.5 x RBC in 
diameter: homogenous chromatin pallern may obscure several 
small nucleoli; Irregulaf undulating nuclear outline; 'cap' of cyto
plasm; associaled With mediastinal masses and hypercalcaemia. 
almost all are T cell tumours: prognosis poor (only 5% survive 
one year). 

High mitoliC rate: rDtlndlovold nuclei approxlmately 1.5 x RBC In 
diameter and slightly irregular in oLIIline: cribriform Chromatin 
panern with multiple prominent small to large nucleoli; variable 
amount of basopllilic cytoplasm: most are B ceU tumours: prog· 
nOSIS average. 
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phoma or any ncoplastic or chronic debilitating 
disease process, be it infectious or inflammatory, 
frequently have a mild non-regenerative anaemia. 

• Full blochemlslry screen 

Pronounced generalized lymphadenopathy 
warrants a full biochemistry screen, to include 
urca, creatinine, liver enzymes (alanine amino
transferase, alkaline phosphatase and gamma
glur:amyl transferase), calcium, albumin and 
albumin:globulin ratio. Animals with multi
centric lymphoma not infrequently arc hyper
calcaemic which may affect ren:al function. 
Liver enzymes may be increased in cases 
where the liver is infi h r:ucd (in these cases, 
bi le salts should be assayed to assess liver 
function) . 

• Urinalysis 

Urinalysis should be performed to assess ren:al 
function in :a ll :animals with lymphoma especially 
those which arc hypercalcaemic. Urine should 
also be checked before commencing chemo
therapy since many cytotoxic drugs arc elimi
nated via the kidneys. 

• Radiography 

Lateral screening radiographs of the thorax 
:and abdomen arc indicated unless the enlarged 
lymph node is unequivocally the resuit of a 
localized acute inOammatory process. In cases 
of lym phoma, panicularly if there is evidence 
of multicentric involvement, thoracic rad io
graphs may confi rm involvement of the 
intrathoracic (sternal, mediastinal and tracheo
bronchial) lymph nodes or e\·idcnce of 
pulmonary metastases (thoracic radiographs 
shou ld be uken in any animal with docu 
mented evidence of malignancy to rule out the 
possibility of pulmonary metastases). 
Abdominal radiographs mal' be helpful in 
confirming the presence 0 enlarged intra
abdominal (sublumbar/ il iac and possibly 
mesenteric) ly mph nodes and hepato
splenomegaly. Fine needle upi rates may be 
obtained from large masses or organs (e.g. 

.... -. . • ~ 
• • ~ • • 

Figure 20.6 Ane needle aspirate 01 a submandibular 
lymph node showing a central cluster 01 non-lymphOid, 
spindle-shaped cells. These cells represented a metasta
tic tumour deposit Irom a fibrosarcoma. (May-Grunwald 
Giemsa x250.) See colour pia Ie. 

lymph nodes, spleen or li,'er) under ultra
sound guidance for eytological examination. 

I Feline leukaemia , lrus and lellne 
Immunodeficiency virus assays 

• lymph node biopsy 

If the results of the fine needle aspirate are 
equivocal :a. lymph node biopsy or preferably 
an excised intact lymph node should be sub
mitted for histopathological examination. 
H aving excised the node an impression smear 
fo r cytological examination can be made from 
the CU t surface. Excision of the lymph node 
is also jusli fied in cases of soli tary lymph
oma. 

• Bone marrow asplrallon andlor biopsy 

Since multicentric lymphom:a. may involve the 
bone marrow, a bone marrow aspirate is indicated 
particularly if leukaemic cells, atypical lympho
cyteS or other haematological abnormalities arc 
present. Animals with lymphoma which have 
normal haem:a.tological resuhs may neverthelcss 
havc marrow involvemenL It is also worth noting 
tha[ primtlry bone marro w diso rders, e.g. [he 
aCUIe and chronic leukaemias, may result in sec-
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ondary infiltration of peripheral lymph ncdes I 
with neoplastic cells. L-______________ _ 

• Lymphangiography 

This contrast technique involves cannulation of a 
peripheral lymphatic vessel in an anaesthetized 
animal. It is used to evaluate the presence or 
absence of lymphatic vessds, lymph fl ow and 
lymph node function. 

• Lymphoscintigraphy 

This non· invasive technique is limited to a few 
referral cenues and involves the usc of radio· 
nuclides to image regional lymph node drainage 
patterns. General anaesthesia is not required. The 
procedure is useful fo r demonstrating obstructive 
lymphatic disease. 

The management of the various causes of lymph 
nade enlargement depends on the cause. The 
treatment of lymphoma and leukaemias is covered 
in Chapter 50. When an infectious cause is sus· 
pected appropriate antibiotic therapy should be 
instituted. The management of an enlarged node 
containing metastatic tumour deposits will 
depend on the extent of spread of the primary 
tumour and the degree of malignancy. Treatment 
options include chemotherapy, radiotherapy and 
surgery . 
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Abnormal Haemostasis 
J. K. Dunn 

Normal haemostasis invoh·cs the intCr;l.ct ion o f 
vessel willi, piau:icts and coagulation factors. 
Vessel wall defects, decreased platelet numbers o r 
abnormal platelet function. or a deficiency of o ne 
o r mo re extrinsic o r inlrinsic coagulation factors 
may result in prolonged bleeding. 

I NORMAL HAEMOSTASIS 

• Primary haemostasis 

Tnuma to the vessel wall causes reflex vasocon
strictio n and platc:lets adhere to the exposed colla
gen. During this :.ldhcsion process tht platelets 

change shape and re1c;uc sever:!1 suhn:lnces which 
are poten! platelet aggregators such as :ldcnosinc 
diphosph:uc (ADP), scrownin, prostaglandin 
(thomboxanc Az), and platelet factors 3 and 4. 
Platelet aggregation then leads to formation of 
the primary platelet o r haemost:nic plug. Vo n 
Willebrand factor is required for normal platelet 
adherence and primary haemostasis. 

Thromhoxane AI' synthesized in platc!ets via 
the arachidonic acid pathway. promotes platelet 
aggregation and is a potent vasoconstric tor. A 
similar prostaglandin (PG l l ) is synthesized in the 
vascular endothelium. PGI

1 
is an inhibitor of 

plltelci aggregation and rel:I...'~es vascular smooth 
musclc. The production of thromboxane Al and 
PGI

1 
is finel y ballnced; vascular injury upsets the 

VasaA8f Ir1ufY ----..... 
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Platelet activation 
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Figure 21 .1 Simplified diagram of normal haemostasis. vWF, von Willebrand lad or; PF3, platelet fador 3. 
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balance in favour of thromboxane leading to for
mation of the primary haemostatic plug. Certain 
non-steroidal analgesic drugs such as aspirin and 
phenylbutazone interfere with platelet secretion 
and aggregation by inhibiting the production of 
platelet thromboune Ar 

• Secondary haemos' asls 

Thrombin converts fibrinogen imo fibrin 
monomer, and fibrin strands are incorporated 
into the primary platelet plug. Platelets become 
emeshed in a fibrin network resulting in stabi liza
tion of the platelet plug. 

The series of events leading to formation of a 
stabilized platelet plug are outlined in Fig. 21.1 . 
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• Coagulation cascade 

Platelet adherence and aggregation create 
favouf2ble conditions for activation of the coagu
lation cascade. Coagulation factors are activated 
sequentially so that inactive prttursors are con
verted into acti"'e enzymes o r cofactors which 
activate the next factor in the sequence. 

A si mplified diagf2m of the coagulation path
ways is shown in Fig. 21.2. The coagulation 
cascade classically is divided imo intrinsic and 
extrinsic pathways which share a terminal com
mon pathway. Most clotting factors (II , V, VII, 
IX and X) arc synthesized in the liver. 

The extrinsic system is activated by the release 
of tissue thromboplastin (factor 1Il), a lipoprotein 
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Figure 21 .2 The Intrinsic and extrinsic pathways 01 the coagulation cascade. 
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complex present on most cell membranes. The 
intrinsic rystem is acti \'ated by surface contact and 
involves the interaction of activated factor XII 
and high molecular weight kininogen which 
resul ts in the production of kallikrein and kinin, 
two imporunt med iators of inflammation. The 
common pathway involves the conversion of pro
thrombin (factor II ) into thro mbin (factor lIa). 
Thrombin converts fib rinogen into fib rin which 
stabilizes the primary piate'let plug, and is also 
involved in the acti\'atio n of fa cto r XIII. The con
version of thro mbin is controlled by naturally 
occurring inhibitors in plasma such as antithrom
bin III and p rotein C. 

• Fibrinolysis 

Plu minogen is converted into plasmin under the 
action of facto r Xlla, a process controlled by plas
minogen activator inhibitors, The activation of 
plasmin results in dcgradation of the stabilized 
p\;lIe1et plug and the production of fibri n degra
dation products. Activated factors and fi brin 
degradation products are cleared from the circula
tion by the liver. Excessive fibrinolytic activity 
leads to impaired secondary haemost3sis and 
rebleeding fro m the site of injury. 

Both the extrinsic and intrinsic systems interact 
in tli flO, Many re:loctions take place on the surface 
of platelets :Io nd platelet factor J (PF3) is required 
for the conversion of f:locto r X and prothrombin 
into factor Xa and thrombin, respectively. 
Calcium ions arc essential for several reactions 
including the activation of prothrombin. 

• Production and release 01 platelets 

Megakaryocytes arc derived from pluripotent 
stem cells in the bone marrow. The earliest 
recognizable megakaryocyte precursor cell is the 
megakaryoblast. The differentiation of colony 
form ing uni ts - megakaryoblast (CFU-Meg) to 
promegakaryocyres and finally to m~gakaryocytu 
is regulated initiall y by a specific megakaryocyte 
colony stimulating factor (Meg-CSF) and men by 
thrombopo ietin. Platelets are produced by cytO
plasmic fra gmentatio n of mature megakaryocytes. 
The entire proce-S$ o f megakaryocyte diffe-re-Illia
tion and maturation takes approximately three 
days in the dog. The number of bone marrow 
megakaryocytes is regulated by the circulating 
platelet mass (the number of platelets x platelet 
volume). Hence thrombocytopenia caused by 

increased destruction or consumption o f platelets 
is usually followed by megakaryocytic hyperpla
sia and a rebound thrombocytosis although there 
is a lag phase o f approximately three days ~fore 
increased platelet production is evident in the 
blood, The circulating lifespan of a platelet is 
approximately six days. Up to 20-30% o f the cir
culating platelet mass can be sequestered in the 
normal spleen; with splenomegaly this figu re may 
be as high as 90%. Senescent platelets are removed 
from the circulation by macrophages in the 
spleen, liver, bone marrow and lungs. 

An adequate number of functional platelets is 
essential for normal haemostasis and d ot retrac
tion. Platelets interact with endothelial cells [0 

help maintain vascular i nt~grity. They provide
platelet phospholipid (platelet fac[Or 3) which 
plays an important role in the coagulation path
ways. Platelets also release vasoactive amines and 
activau chemotactic substances which contribute 
to the- inflammatory response. They also possess 
limited phagocytic and bactericidal properties. 

I INVESTIGATION OF ABNORMAL 
HAEMOSTASIS 

Differences in clinical presentation may help dif
ferentiate hereditary (congenital) from acquired 
bleeding disorders. Haemostatic abnormalities 
may also be classified o n a pathophysiological 
basis as ( I) defects in vascular integrity, (2) 
platelet disorders (either thrombocytopenia or 
abnormal platelet function), and (J) deficiencies in 
one or more extrinsic o r intrinsic clotting factors 
(fable 21.1 ) . 

I§~I HISTORY CHECKLIST 

1:1 Age, breed and SIX? 
Some inherited coagulopathies have :10 higher inci
dence in certain breeds, e.g. von Willebrand's dis
ease is most common in Doberman pinschers, 
Scottish terriers, German shepherds, corgis and 
golden retrievers. A particularly severe form of 
haemophilia A occurs in German shepherds; the 
condition is sex-linked and affects males o nly, 
although females may be asymptomatic carriers. 
With severe inherited coagulation defects bleeding 
may occur at an early age; mild inherited defects 
may not be detected unti l early adulthood when an 
animal is subjected to elective surgery. Idiopathic 

Avtor 0 ;.as_ e 10 gradivo 



ABNORMAL HAEMOSTASIS I 163 

Table 21 .1 He r~ ita ry and acquired causes 01 abnormal haemostasis 

VlScullf Ibnormllilles 
Congenital Ehlers-Cantos syndrome 

Acquired 

Phlillilt dlsord,rs 
Thromllocylopenla 

PI",I,I dysl'unctlon 
Congenital 

Acquired 

Immune·complex vasculitiS (systemIC lupus erythematosus, rheumatoid anhntis, dlUg·induced): 
hyperadrenocorticism (prolonge<l bleetllng and bruising after venepuncture) 

Fallum of platelet production 
Primary bone marrow disease (e.o Iymphoprohferatlve disease, myeloproliferative disease, myelofibro' 
siS); aplastic anaemia (e.g, oestrogen toxiCity or hyperoestrogemsm associated WIth a tunctional Sertoli 
cell tumour) 
Chemotherapy (cyclophospllamide, doxyrubicin) 
Thrombocytopenia associated with the production of macroplatelets in cavalier King Charles spaniel 
(aftettetl animalS rarely have bletdinO episodes). 

Prematum platelet destruction 
Immune·metllated thrombocytopenia: primary (idiopathic) or secondary. eg may occur in association 
WIth Iymphoprolilerative or myelopralileraHve disease (occasionally solid lumOUI1), immune·mediated 
haemolytic anaemia. systemic lupus erythematosus (SLE) and ehrticttlosis. Of as a sequel to viral inlec· 
tion or live virus vaccination; occasionally drug·induced. e.g. an SlE·like syndrome !\as been reported 
Iallowing the administration of potentiated sulphonamldes (sulphadiazineltrlmethoprim combination) 
particularly in Oobermanns. 

Excessive consumption 01 platelets 
Disseminated intravascular coagulation 
Acute, severe llaemonhage (usually transient thromllocylopenia followed by a rebound thrombocytosis) 
Splenomegaly (seQuestration 01 large numbers 01 platelets In an enl3fged spleen) 

Chedlak-Higashi syndrome in cats 
Inherited thrombocytopathy III Onerhounds and Bassen hounds (Nonh Americ<l) 

Drug·induced, e.g. non·steroidal antl·inflammatory drugs (may cause bleeding especially II given to an 
animal WIth a pre·existlng bleeding disorder), plasma expanders, hepann 
Von Willebrand's disease 
Acute pancreatitis 
Severe uraemia 
Hypergammagtobulinaemia (e.g. plasma cell myeloma) 
Disseminated intravascular coagulatIOn 
Ehrnchia canis infl!Ction 
Megakaryocytic leukaemia 

COilullllon tletor II/normllilles 
Congenital Von Willebrand's disease 

Acquired 

Haemophilia A (classic: l\aemophilta due to laCior VIII delicient;y) 
Haemophilla B (Christmas disease Of lactor IX deliciency) 
Haemophilia C (lactOf XI deficiency) in dogs 
Hypoprothrombinaemla (boxers) 
FactOf VII deficiency 
Faclor X de/\ciency (cocker spaniels) 
Factor XII deficiency (cats) 
MultllaCiorial coagulopathy;n Devon rex cats 

Vitamin K antagonism (poisoning Wllh antICoagulant rOdentlcides such as warlann and related 
hydroxycoumarin derivatiVes) 
Severe diffuse IIwr disease 
Disseminated intravascular coagulation (may be triggerl!d by endotoxaemla, disseminated 1I!0001asla, 
liver disease, heat stroke. acute pancreatitis. acute viral infections. diro!iiariasis, severe trauma) 



164 I PROBLEM-ORIENTED MEDICINE 

immune-mediated thrombocytopenia is more 
common in young to middle-aged females, and toy 
pood les, cocker spaniels and Doberman pinschers 
appear to be over-reprl'Sented. 

a Previous episodes 01 haemormage and II so al 
whal age did they occur? 
Acquired bleeding d isorders tend to manifest in 
older animals with no previous history of recur
rent bleeding episodes. 

a Haemorrllage? 
Haemorrhage may be spontaneous or precipitated 
by trauma, surgery (e.g. ovariohyster« tomy, cas
tration or dew claw removal), loss of deciduous 
teeth or onset of pro-oestrus. The severity and 
extent of haemorrhage is dependent on the nature 
of the bleeding defect (yascular abno rmality, 
platdet diso rder or coagulatio n factor denciency) 
and reOects the severity of the abnonnali ty pre
sellt. For example haemophilia A may affect dogs 
with varying degrees of severity. Severely affected 
animals with less than I % normal facto r VIII 
leYels bleed spontaneously at all early age and 
many fail to reach adulthood. 

a Bleeding in relaled animals or liltermalel? 

a Drug administration (e.g. non-steroidal anll
Inn.mmatory drugl, oestrogena:) or elposurelo 
tOllns (e .g. antlcoagulanl rodentlcidel luch as 
warllrln Ind related derIYatlvl s)? 

a Signs of concurrent systemic dlaease? 
Presence o f systemic signs may reflect an under
lying disease and suggestS that the bleeding 
tendency is acquire<!. 

a Type 01 haemorrhage (sel physlcaleramlnalion 
below)? 

1'iV1 PHYSICAL EXAMINATION 

a Type 01 haemorrhage? 
Platelet and vascub.r abnormalities result in capil
lary bleeding due to impaired formation of the 
primary platelet plug at the site of vascu lar injury. 
Capillary bleeding is characterized by multifoca l 
pinpoint (petechial) or larger ecchymotic haemor
rhages most commonly on the skin, mucosal sur
faces and sclcrae. A.n examination o f the mucosal 
surfaces should include the gums, conjunctivae 
and external genitalia. The vcnlral abdo men and 

inguinal regio n should be examined closely for 
evidence o f petechial or ecchymotic haemor
rhages since the skin in thesc areas is thinner and 
more susceptible to trauma. Melaena, epistaxis, 
haematuria, haematemesis and intraocular o r reti
nal haemorrhage arc common manifestations of 
severe thrombocytopenia or functional platelet 
defects. Coagulation facto r abnormalities more 
commonl y give rise to subcutaneous or intramus
cular hacmatomata, intra-anicular haemorrhage 
or haemorrhage into a body cavit),. 

a Pale mucous membranes and/or signs 01 
hypovolaemlc shock? 

a lameness (haemarlhrnsis), abdominal paIn (Intra
abdominal haemorrhage) or dyspnoea (pulmonary 
or Inlrathoraclc haemorrllage)? 

I laboralory Iny.sligalion 01 
haemostasis 

The labo ratory investigation of haemosusis 
should be pr«eded by a full ro utine hacmatologi
cal examination and biochemical screen. The tests 
which follow can be divided into £wo calegories: 
(I) a series of preliminary screening tests designed 
to evaluate the eXlrinsic, intrinsic and common 
pathways of the coagulation cascade and (2) spe
cinc factor assays alld tests to evaluate platelet 
function. Common (:;luses of abnormal hacmo
static screening tests arc given in Table 21.2. 

Sample collection 

Blood should be collected using plastic syringes 
and specimen tubes. Samples for routine haemato
logical examination (including a pblf: let count) 
should be collected into EDTA; sodium citrate 
(nine volumes of blood mixed with o ne volume of 
3.8% sodium citrate) is the preferred anticoagu
lant for measuring one stage prothrombin and 
activated partial thro mboplastin times and spe
cific factor assays. 

SCfB8nlng t8StS 

!J Bleeding tlma 
The bleeding time is a screening test for vascular 
and platelet disorders since it measures the time 
to fonnation of the primary haemostatic plug. 
Common causes o f pro longed bleeding time 
(vascular abnormalities, thro mbocytopenia and 
platelet funcllon disorders) arc listed in Table 
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T.ble 21 .2 Screening tests lor haemostasis: Ctlmmon causes 01 abnormal results 

AIInormal screenlngl!sl 

Increased blee(!lng time 

Increased wtIole blood clotting time (or 
activated whOle blood clonll'IQ time) 

Increased onHtage prothrombin time (OSPT) 

Increased activated partial thromboplastin 
time (APTT) 

Increased thrombin lime 

Possible causes 

Vascular abnormalities 
Platelet disorders. e,g. thromtJocytopema and IUBetlOnat platelet delects 
(see T abte 21. \ lor specific causes) 
Von Willebrand's disease 

Inmnsic factor deficiency. e.g I1aemophilia A or haemophilia B 
Warfarin toxiCity 
Severe liver disease 
Disseminate{! intravascular coagulatIOn 
Severe thrombocytopenia 

Warfarin toxicily resulting in vitamin K antagonism (Increase in OSPT 
precedes Increase in APTI due to short halHile of lactor VII) 
Dietary deficiency or inadequate absorption 01 VItamin K (rare; laller 
may occur with posHlepat;c obstruction leading to bill.lry stasis) 
Severe liver disease 
DtSseminat ~d Intravascular coagulation 
Prothrombin deliciency 

Deficiency 01 one or more of till! intrinsic tactoo, e,g factor VIII 
(l'Iaemophilla A). IX (haemophilia B). XI (haemophitla C) afld XII 
Deliciency ot a common pathway factor. eg. factor 1\ (prothrombin) or 
factor x (Stuart factor deficiency) will cause Increase In OSPT and APIT 
Wanarin poisoning 
Severe liver disease 
Disseminated Intravascular coagulation 

Hypoflbrlnooenaemia (chlOnic lIVer dISease or disseminated intravascu· 
lar coagulation) 
ClrculaUng heparin 

OSPT, one-stage prothrombin time; APTT, activated partialthromboptastin time. 

21.1. Disposable spring-loaded devices are avail
able w hich make two standardized incisions on 
the insidc of the upper lip (see Chapter 45). Blood 
oo:z.ing from thc edges of the incisions is gently 
blotted w ith a piece o f filter paper taking care not 
to touch the incision itself. A normal bleeding 
time should be less than 4 minutes (prolo nged by 
aspirin, phenylbutazone and other non-steroidal 
anti-inflammatory drugs). A modification of the 
procedure described above is the cuticle bleeding 
time. This ttthnique, which involvcs clipping thc 
cuticle of a toe nail under light anaesthesia, has 
been advocated as a presurgical screening test for 
von Willebrands disease. 

r:J Wflole blood cloning lime and activated cloning 
time 

The whole blood clotting timc (WBCT) 
(Lee-White method) measures the time uken for 
I ml of whole blood to clot in a prcwarmed glass 
tube at 37oC. After 2-3 min the tube should be 
gently tilted every 30 s until a clot forms. The lest 

should be performed in triplicate taking the mean 
of the three values. A normal value for thc dog is 
6.1 :to.2 min (Oshaldiston el al., 1970). The 
WBcr is a simple albeit insensitive test which 
detects scvere deficiencies of one or more of the 
intrinsic coagulation factors (Table 21.2). 
Prolongation of thc WBcr occurs with warfarin 
poisoning or haemophilia A. WBcr may also 
increase with sevcre thrombocytopenia. The acti
vated clotting time (ACT) is a modification of the 
WBCT. The ACT is the t ime rcquircd for fibrin 
clot formation when blood is added to a commer
cially preparcd tubc containing a substance that 
po tentiates surface activat ion. The ACT is more 
sensitive than the WBcr and detects defects in 
the intrinsic and common pathways. A factor 
must be lcss than 5% o f normal to prolong the 
ACT thus making this a less scnsitivc tCSt than the 
activated partial thromboplastin time (see below). 
Like the WBcr thc ACT is prolonged with 
severe thrombocytopenia. Normal ACT in the 
dog and cat varies between 60 and 90 s. 
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a Clot retraction 
A fibrin clot should normally retract 50% in 1-
2 h. Poor clot retraction, when the serum fai ls to 
separate from the clot, is indicative of thrombocy
topenia o r abnormal platelet functi on. 

a Plat,',1 tount 
Platelet counts should be performed within 4 hi 
when this is not possible a quick semiquantit<ltive 
assessment of platelet numbers can be made by 
examination of a Romanowsky-stained air-dried 
blood film. Under high-power (x IOO) magnifica
tion platclet numbers can be estimated as shown 
in Table 21.3. 

Normal platelet numbers in the dog and cat are 
approximately 17HOOx 10' 1-'. Spontaneous 
haemorrhage rarel y oceurs with platelet counts 
greater than 50 x 10' 1-'. The presence of large 
platelets, for example following acute haemor
rhage, may be associated with a rebound 
thrombocytosis and generally indicates active 
thrombopoiesis. A decrease in mean platelet vol
ume has been noted during the e:uly st3ges o f 
immune-mediated thrombocytopenia; the pres
ence of larger platelets during the later stages o f 
the disease correlates with incre3sed platelet 
production. Thrombocytopcni3 has been docu
mented in otherwise healthy c3valier King 
C harles spaniels. Affected animals ra.rely blud 
spontanrously evcn with platelet counts less than 
SOx 10' 1-'. Eleclfonic platelet counts arc anifi
cially low because the plalelets are extremely large 
and are counted as small red cells. Platelet counts 
from cavalier King C harles spaniels should there
fore always be checked manually. 

Blood (collected in EDTA) from thrombocyto
penic patients may be checked for the presence of 
antiplate/et antibodies using a direct flu orescent 
antibody technique o n a peripheral blood smear 
(a similar technique has been described using a 
bone marrow smear to check for the presence of 
antimegakaryocYle antibodies; Joshi ;md Jain, 
1976). An ELISA test has also been developed 
to detect circulating antiplateiet antibodies 

lIbl, 21 .3 Eslimatioo 01 platelet numbers Irom a blood film 

Plat.I.II per IIlgh pow.r Ileid Plltel.1 '0Ilnl(110' 1""' ) 

>ro 4~ 
5-7 1~ 
3-4 100 
1)-2 50 
Occasional IS 

(Campbell I"t al., 1984) and an indirect flu orescent 
antibody test to detect antiplatclet antibodies in 
plasma has been described (Kristensen I"t ai., 
1994). A bane man-ow a5pirate should be consid
ered if a primary bone marrow disorder is sus
pected, if the results of immunological screening 
tests arc equivocal or if immune-mediated 
thrombocytopenia fails to respond to conven
tional immunosuppresssive therapy. Causes of 
thrombocytopenia arc listed in Table 21.1. 

o The one-stage prothrombin and IctlYlI,d Pl rtlll 
Ihrombopilltfn limes 

Both the one-Slage prothrombin time (OSPT) and 
activated partial thromboplastin time (API I ) 
should be performed using citrated plasma. 
Plasma should be separated immcdiately and 
frozen in several aliquots at -2O"C. Failure to do 
so may resuit in depletion of coagulation factors 
and erroneous results. Both tests should be per
formed in duplicate using plasma from a healthy 
dog as a control sample. 

The OSPT is the principal test for evaluating 
the extrinsic and common pathways. Plasma is 
incubated with tissue thromboplastin and d o tting 
is initiated by the addition of calcium. The OSPT 
is prolonged by deficiencies of factors V, VII, X, 
prothrombi n and fibrinogen. Prolongation of 
more than 3 s over the control value (normal 
approximately 7-10 s) is suggestive o f an extrinsic 
defect. The OSPT is consistently prolonged with 
warfarin toxicity (OSPT increases befo re AIYJT 
due to the e3rly depletion of factor VII; Table 
21.2). 

The API I , sometimes referred to as the 
kaolin-cephalin clotting time, evaluates the 
intrinsic and common pathways. Plasma is acti
vated under COni rolled conditions in the presence 
of phospholipid and then cloning is initiated by 
the addition of calcium. An increase of more than 
5-7 s over the control time (normal approxi
mately 15-25 s) is generally considered abnormal. 
Prolongation of APTf occurs only with a severe 
deficiency o f a si ngle factor (factor at least 30% of 
normal values). The APTf is not affected by 
severe thrombocytopenia (fable 21 .2). 

a Thromb in l ime 
The thrombin time (TT) is the time taken for 
the fibrin clot to form following the addition 
of bovine thrombin to citratcd plasma, i.e. it 
measures the speed of conversion of fib rinogen 
into fibrin and therefore evaluates the common 
pathway. Prolongation of the TI occurs with 
hypofibrinogenaemia, increased circulating fibrin 
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degr:ldation productS (e.g. with disseminated 
intr:lvascular eoagubtion), or if circulating 
heparin is present (fable 21 .2). 

o Russell ', viper ¥lnom lime 
The Russell's viper venom time (R VVT) is.1. r.arely 
used test which measures the activity of the com
mon pathway clotting factors (bctors v, x, 
prothrombin and fibrinogen ). The Russell's viper 
venom aeu as an intrinsic thromboplastin and the 
test is useful for defining deficiencies of factor X. 
The RVVT is dependent on the release of phos
pholipid from platelets in test plasma and is there
fore also prolonged with thrombocytopenia. It is 
.also .1. crude test of platelet fu nction. Normal 
RVVT is 10-14 s. 

a Fibrinogen 
Fibrinogen can be assayed directly by spi nning 
two haematocrit tubes filled with blood (collected 
in EDT A) fo r 5 min. The total protein content of 
the plasma fro m one of the tubes is measured with 
a hand refr:lctometer. The second tube is placed in 
a water bath at 56<>C to precipitate the fibrinogen 
and the tObl protein content is measured after 
recentrifugation. The difference in total protein 
values equals the fibrinogen concentn.tion. 
H ypofibrinogenaemia occurs with severe chronic 
liver disease and disseminated intnvascular 
coagulation. 

a Abrlnogln (fibrin) degld,lIon products 
Commercial test kits arc available to evaluate the 
fibrinolytic syStem. These usc latex panicles 
coated with antibodies against human fibrin 
degradation products (FOPs). Blood is collected 
into a special rube which contains thrombin, to 
clot the sample, and an inhibitor of fibrino lysis to 
prevent further fibrin breakdown. The most com
mon cause of increased FOPs is d isseminated 
intravascular coagulation (DIC). In severe cases of 
OIC with extremely low plasma fibrinogen con
centntions blood may fail to clot in the collection 
rube and this may be regardl-d as;!' poor prognos
tic indicato r. An FOP concentntion >40 ~ g ml-1 

is the maximum value that can be measured using 
a 1:20 dilution of serum (normal FOP concentn.
tion <4 ~g ml-1) . 

$,I&lfI, IIe1D( .says 
Specific facto r assays arc genen.lIy performed 
using citnated plasma.. AJsays arc available fo r 
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factor VIII and the concentntion of von 
Willebrand factor antigen can be measured by 
immunoelectrophoresis. Dogs with haemophilia 
A have low levels of factor VII I. The concentr~
tion of factor VIU varies in affected mal~s « I % 
of nonnal if scvere). Carrier females have factor 
VtII Icvels between 50 and 60% and normal or 
increased von Willebrand factor levels. Dogs 
with von Willebn.nd's disease havc low « 50% 
of normal) levds of von Willebnnd antigen 
and factor VUI conc~ntra tions arc usually also 
decreased. 

Platelet functiDn tests 

Platelet aggregometry assesses the in v;lra lbi lity 
of plateleu to aggregate in response to v;uious 
chemical stimuli (ADP, sero tonin, collagen and 
l rachidonic acid). Certain drugs, most notably 
non-steroidal drugs such as aspirin and phenyl
butazone, significantly impair platdet aggregation 
and prolong bleeding time. 

I MANAGEMENT 

Management of specific bleeding disorders is cov
~rcd in Chapt~r ~5. 
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Urinary Incontinence and 
Abnormal Micturition 

s. P Gregory 

MiC1un'tioll (urination) is the process whereby the 
bl;u:ldcriscmpticd of urine \1:1 theurcthra. Thisproccss 
is usually a conscious act which, ill the nomul adult 
:mimat, is under voluntary COntrol. Abnormalities of 
miclUrition include: diffi l-ulty passing urine, painful 
urination, passing an abnormal 5trt'3.m , urinary fre
quency and urgency. Terms which arc commonly 
used to describe abnom)al micturition arc: 

• D)'SIIrill - difficult or painful passage of urine; 
• Stranguru. - stnining or hesitancy prior to o r 

after urin:uio n; 
• Pollakiuria - increased fr~uency of urination; 
• Nocturia - the urge or need to urinate at night. 

Un"nary illromim:nce is the in\'ol unlary passage o f 
urine and may occur with or without abnormal 
micturition. Enuresis is tile unconscious I~:lkage 
of uri ne from a sleepi ng animal and should not be 
confus~d with nocturia. 

It is com mo n for stranguria and pollakiuria to 
accompany dysuria. In gen~ral dysuria indicates 
primary dis~ase affecting the lower urinary tract, 
i.e. the bladder and urethra, although th~ upper 
urinary tract may be secondarily involved. 
Urinary incontinence usualJ y also occurs as a 
result of abnormalities affecting the lower urinary 
tract although in some cases, e.g. ectopic ureter, an 
abnormality affecti ng the upper urin:lfY tract may 
be present. Urinary inconti nence may also be 
associated with some neurological diseases. 

Ilis important when prcscllloo wilhan owner com
plaining that their animal has abnormal micturition 
and/or urinary incontinence to differentiate these 
problems from poor house training or bchaviouml 
abnonnalitics. 

I PATHOPHYSIOLOGY 

In the normal animal urine produced by the kid 
neys is collected in the urinary bladder and stored 

until an appropria te time and place is found for 
urination. The bladder is composed of smooth 
muscle which is lined by urothc1ium. It is a ho l
low organ with good compliance, that is, it can 
store large volumes of urine with \'ery little 
change in pressure. Bladder filling and emptying 
is regulated by the autonomic nervous system 
with the somalic and central nervous systems 
contributing to the overall comrol o f micturition 
in the normal animal. 

The urethra is confluent with t he bladder and 
is also com posed predominantly of smooth 
muscle with a urothclial lining. There is no dis
crete urethral sphincter and urethral closure is 
maint:l.inl-d by a combination of fac tors which 
include: resting smooth muscle tone, peri
urethral striated muscle tone and refl ex activity, 
interlocking folds of urethral mucosa and the 
effect of imr:l.-abdominal pressure acting con
comita ntly on the bladder neck and proximal 
urethra. 

Normal urination is dependent on urethral 
patency and good co-ordination between sensory 
and motor components of the autonomic, somatic 
and central nervous systems. In the no rmal animal 
anatomical facto rs which arc of particular impor-.. . . 
tance m mamtammg urmary contmence arc nor
mal ureterovesical junctions, a urethra of 'norma.l 
length' for the size of the animal and an intra· 
abdominal bladder neck. 

Bladder fi ll ing and uri nc storage arc primarily 
controlled by the sympathetic neJ"!Jous system. 
This is mediated by spi nal segments (L l - L4 in Ihe 
dog, L2- L5 in the eat) and the hypogastric neJ"!Jt. 
Release of noradrenaline fro m postgangl ionic 
nerve fi bres acts on ~·adrenergi c receptors within 
the detrusor musele causing smooth muscle relax
ation. Noradrt naline also acts on a -adrenergic 
receptors in the bladder neck and urethra result
ing in smooth muscle contraction and incrcaSl-d 
outflow resistance. 
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The parasympathetic nervous system primarily 
controls bladder emptying, which is mediated via 
sacral segments (5 1- 53) o f the spinal cord and the 
pelv ic nerve. Stretch receptors within the bladder 
wall detect bladder filling and impulses are sellt 
via the pelvic nerve to the spinal cord. Local 
reflexes, which arc modulated by the brain and 
spinal cord. cause acetylcholine rclease from 
postganglionic parasympathetic nerve endings. 
Muscarinic receptors in the detrusor muscle are 
stimulated resulting in bladder contraction. 

The somatic neT'IJous system is important in 
controlling peri-urethral striated muscle. It is 
mediated via sacral segments (SI - S3) o f the spinal 
cord and the pudendal nerve. Striated muscle con-

rlblt 22.1 causes of abnormal micturition in doos and cats 

Abnormiliunct!on IIlocial.d 
with anllomicallbnormailtl.s 
visible on radiographic and 
ultra.onographlc inVlstlgations 

Abnormallunction with no evid,nU 
01 analomiCiI abnormalities on 
rldlDgraphlc Ind IIltrllDnogrlphic 
Investigallons 

Bladder 

Urethra 

Prosta te 

Bladder 

Urethra 

FlUTD • feline lower urinary tract disease (previously FUS) 

traction raises urethral pressure and contributes 
to continence. The integri ty of the central nervous 
system is very import2nt as it allows the ani mal 
volu ntarily to control urine storage and elimina
tion and 1150 provides fine tuning and co-ordina
tion of the whole process. 

In very general terms, lbnormal micturition 
mly occur as a result of abno rmal an3tomy ClUS
ing l bnormll function or abnormal function with 
no gross l natomical change. Possible causes of 
abnormal micturition are listed in Table 22.1. In 
practice, urinary tract infection, urol ithiasis, 
prostatic disease, traum3. and neoplasia arc the 
commoneSt causes of abnormal micturi tion in 
dogs. In cats the commonest causes of abnormal 

• neop\asl~ - benign. eg leIOmyoma, or 
malignant. e.g. transitional cali carcinoma 

• intiammatory lesions. e.g. POlyPOid cystitis or 
chronic cystitis _ bladder wail thickening 

• calculi 
• loreign OOdles. e.g. catheters 
• developmentalle$ions e g. urachal divel1lculum. 

ureterocoele 
• trauma, e.g bladder rupture. blood Clot, sloughed tissue 
• bladder enlrapmentfdisplacement 
• calculi/urethral plUIiS 
• neoplasia, benign or malignant, locat or dltluse 
• strictures 
• granulomatous urethntis 
• urethral tearArauma 
• divel1lcula 
• comprfl'SSlon by external structure, e g. vaginal neoplasm or 

other pelvic masses 
• benign prostatrc hypertrophy 
• proslalills (acuteJchronic) 
• prostatic abscess 
• prostatic cysts (parallntraprostatic) 
• prostatic neoplasia 
• squamous metaplasia 
• prostat iC calCuli 

• unnary tract intection usually bactenal, rarely secondary 
to yeast. mycoplasma or parasitIC infection 

• toJUc cystitis. eg cyclophosphamide 
• idiopathic cystrtis, e.g. FLUTO 
• bladder atony, e.g. following excessive siretch during 

urethral obstruction 
• detrusor instability 
• neuroloolcal disease 
• renex dysynergla 
• urethritis 
• neurological disease 

Avtlrsko £as~ tc 10 gradrvo 



170 I PROBLEM-ORIENTED MEDICINE 

micturition arc the spectru m o f conditions seen in 
feline lower urinary tract disease (FLUTD) 
including idiopathic cysti tis and urethrit is with:tn 
unclear aetiology, and urinary tract/spinal 
trauma_ Some potential causes listed in Table 22_1 
a.re extremely rare, e.g. parasitic and fung-a l infec
tions. 

Urinary incontinence may also be the result of 
abnormal anatomy causing abnormal function, 
e.g. ectopic ure ter, o r abnormal function with no 
anatomical change, e.g. urethral sphincter mecha
nism incompetence. However, neurologiC31 dis
ease is also a signific;mt C3use of incontinence in 
animals and so urinary incontinencc is usually 
classified as being neurogenic or non-neurogenic. 
Potential causes of urinary incontinence are listed 
in Table 21.2. 

In some animals abnormal micturition and uri
nary incontinence may co-exist. The commonest 
examples arc conditions which cause panial 

Tlble 22.2 Causes 01 urinary incontinerw:e in dogs and cats 

obstruction to urine outfl ow, resulting in uncon
scious urine leakage when bladder pressure rises. 
This form o f incontinence is termed paradoxical 
or obstructive incontinence. Another example of 
abnorm-al urination and urinary incontinence is 
overf/rr.JJ incontinence frequently seen in -animals 
with neurological disease. Thcse animals typically 
have large, easily expressible bladders but are 
unable to void unaided . 

INVESTIGATION OF ABNORMAL 
URINATION ANO URINARY 
INCONTINENCE 

When presented wi th an animal with abnormal 
micturition/ urinary incontinence a core investig;!.
tion based on history, physical examination, 
routine laboratory tests , radiographic ;md ult r;!. 
sonographic ex-aminations un be followed in 

Non-neurORenie urinary 
Incontlnente 

Urinary inconlinence assOCiated With anatomICal • ectopic ureter 
abnormalities vi'Sible on radlograptlic and ultrasonographic • pelvic bladder and short urethra 

Neurogenic urinary 
Incontinence 

Inveslloatlons 

Urinary incontinence WIth no evidence 01 anatomiCal 
abnormalities on radiographic and ultrasonographlc 
Invest1oations 

SMI • urethral sphincter mechanism Incompetence. 

asSOCIated Vil th SMI ( .. /-vaglnal 
abllOfmahty in cats) 

• bladder hypoplasIa 
• prostatic disease 
• intersexuality 
• bladder neoplasia 
• urethral obstructions 
• ureterovaginal listula 
• veslcovaginallistula 
• vaginal neoplasia 
• pelvtc masses 
• perineal rupture 
• pervious urachus 
• SMI 
• cystilis 
• deltusor Instability 
• bladder atony 

lesions may aHect the brain, spinal 
cord, autOfiomic or peripheral neNOUS 
systems. UlMlertylng causes of 
neurological disease are variable but 
important categories Irw:lude: 

• trauma 
• tumour 
• degeneration 
• in fection 
• congenital/developmental 
• other 
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most cases with a good diagnostic re turn. In some 
cases, however, extra or more specialized inveSli
gationJ may also be required. 

I§~I HISTORY CHECKLIST 

o Age, breed and sex? 
Abnormal micturition as a resul t of urinary 
tract neoplasia is uncommon in young animals. 
Prosu tic disease and vaginal neoplasia which 
may interfere with urethral function are more 
common in entire animals, Uroli thiasis may be 
associated with metabolic abnormalities in 
certain breeds of dog, e.g. urate calculi in the 
Dalmatian. The commonest cause of urinary 
incontinence in juvenile dogs is ureteral ectopia, 
whereas urethral sphincter mechanism incompe
tence is most common in neutercd female, 
medium to large breed dogs. 

o Whalilihe owner's ,ompla!nl? 
During the consultation it is imponant to estab
lish the owner's complaint as well as the animal 's 
problem and confirm that they are the same. In 
cases of suspected abnormal micturition and urin
ary incontinence it is always important to con
sider that tenesmus, abnormal posturing, genital 
bleeding and apparent urine leakage may 
be caused by disease affecting the genital or lower 
gastrointestinal tracts. 

o What Is the duration ofthllir ,omplainl? 
It is important to establish if the problem is acute 
or chronic. Acute urinary tract o bstructions are 
commonly caused by calculi whereas gradually 
progressive d ysuria is more commonly :lSsociated 
with neoplasia. It should be remembered, how
ever, that owners may not always notice minor 
changes to micturition and a chronic problem 
may present as an acute emergency. In cases of 
urinary incontinence, establishing whether the 
animal has been incontinent since puppy/ kitten
hood or whether the incontinence is of recent 
onset can provide very usefu l information when 
considering pou:ntial differential diagnosf!s. 

o Is Ihe animal urlnallng or nol? 
This is an essf!ntial questio n in thf! animal pre
sf!nted with abnormal micturition. A negati\'e 
answer may imply acute urinary tract obstruc
cion which r.:quires f!mf! rgency trf!atment; alter
natively the owner may admit to not observing 
their animal and so may not know the answer. 
This is common in cats that have free aCCf!SS to 

outside the house. In incontinent animals lack 
of urination may be associated with a bladder 
that doesn't contain urine, e.g. animals with 
bilateral ureteral ectopia and bladder hypoplasia, 
o r it may be seen in animals with neurological 
disease and overflow incontinence. 

o II urlnallng. whal ls Ihe animal dolnll, how Is It 
passing urine. what Is Ihe apPllarance and smllil of 
thll urine passlld and where Is It comlnlltrom? 

Is the animal's stream of urine normal or 
weakJinterrupted ? Is there frequency/ urgency? Is 
the animal straining and docs it appear uncom
fortable? Does the urine contain blood o r have an 
abno rmal smell ? Where is the urine comi ng from, 
e.g. from the penis/vulva. from a urethrostomy or 
from another orifice? 

o "It Is not urlnallng, how long hal II blllln sinclI 
anybody saw thlllnimal urinate? 

In cases of acute urinary tract obstruction the 
duration of obstructio n will affect the degree o f 
azouemia 2nd hyperkalaemia which in turn will 
influence the immediate care the animal requires. 

o Do Ihll ownllB usually observll urination and , "so, 
Ire thay familiar with thllir pel's normal urinary 
habits and urlnll apPllaranclI? 

Unless owners know whaltheir animal was doing 
before investigation and treatment, the response 
to treatment the animal receives m;!.y be difficult 
to assess. This is panicularly important with signs 
which may be intermittent in nature, e.g. inconti
nence associated with urethral sphincter mecha-

• • fllsm Incompetence. 

o Is Ihe anlmal lnconllnenl? II so, when dOllS IIlaak, 
whllre does ttllI Illakagll comelrom Ind il thll 
Illakage continual or Intllrmittllnt? 

Dogs with urethral sphincter mechanism incom~ 
petence tend to leak urine when recumbent and 
the leakage is oftcn intermittent with the animal 
having good/bad days whereas animals with 
ectopic ureters tend to leak continually. Rarely, 
an animal may leak urine from its anus if a 
urethrorectal fistu la is present o r from another 
abnormal orifice, e.g. previous ur;:.chus. 

o Has Ihll ownllf noticlld any abnormal discharge? 
This may be pus or blood from the animal 's penis 
or vulva and the animal may have been licking its 
external genitalia excessively. Blood dripping 
from the penis in male dogs is commonly associ
ated with prostatic disease, whereas vulval bleed 
ing in a bitch may o riginate from the urethrn 
rather than the vagin;:. and be an indicator o f 
urethral malignancy. 
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Q Has Ihe animal reteind Iny recent medical 
lreatment? 

If so what was it, when did it fi nish and what was 
the outcome? Recem courses of antibiOlics may 
ime.'rfere widl urine.' bacteriology: diuretics ~nd 
conicosteroids rna)' uuse polydipsia and polyuria 
result ing in frequency and urgency, nocturia and 
incont inence. Cyclophosphamide can cause $Ier
ile cyslitis. Response to treatment, e.g. sympath
omimetic drugs for urethral sphinctu mechaniml 
incompetencc (SMI), m~y provide addi tional sup
pOri fo r a presumptive diagnosis, particulnly 
where there is no single diagnostic finding which 
can definitively confirm the diagnosis. 

a Have their blln any recanllraumatlc eplso!!es, 
surllery or apparently unrelatelilltne$$? 

Urethral strictures/ruptures mOlY oceur following 
bites to the perineum in cau. Recent cathL"ter;z:a
tion can cause iatrogenic trauma to the urClhra or 
introduce a urinary tract infection. Poor tissue 
handling during surgery to the caudal abdomen 
may result in a urete ral or bladder injury. SM I 
may occur followin g ovniohystereclOmy. 
Hypen drenoconism and diabeu.'s mellitus pre
dispose to urinary tuct infection. 

Q Are the silins gellinll belter, worse or staylnll slatic 
sInce they were Urst notiud and does the problem 
occur dally or Intermittently? 

This information is important for determining the 
progression of the problem. e.g. dysuria of 
gnduall r increasing severity is more likely 10 be 
associJtoo with anatomical obstructions such as 
Ileoplasia. It is imponant 10 eS13blish the pattern 
of signs before any treatment is suned. If the 
signs arc intermittent a longer follow+up may be 
required before the success of any treatment can 
be I:5 tablishet!. 

o Are the animal's silins conllned 10 the urinary traCl 
or Is it sys1eml,atly ill? 

An ~nimal with a ponosystemic shunt can pre
$ent with prim~ry urinary tract signs but on 
closer questioning, the owner mar also h3ve 
noticed signs of hep3tic encephalop3lhy; :10 ani
mal with a urinuy tnct inf«tion, panicularly if 
it ill\"olv1:5 the upper urin~ry tract, m~y be sys
temic31ly ill. 

o When did the anlmll tasl urinate? 
It is essential to know this before cxamining the 
ani mal. If the animal has just passed urine or is 
incontinent, a full bladder is likely to be signifi
cant. compared to an animal which has a fu ll 
bl3dder but has not had an opponunity to urinate. 

Similarly an empt), bladder may reflect inconti
nence or it may be that the animJI has "oided 
urine norm311y. 

Q Where anll how lIoes the animal preler 10 urinate? 
It can be very useful before hospi13lizing an 
animal. to know where and how the animal 
normally chooses 10 urinJtc. In many hospi tals, 
fo r hygienic reasons, animJls may not have 
access to Gns! or soil Jnd some may try to 
'hold on' until a su itable em'ironmcnt becomes 
availJblc. Knowledgc of the animal's 
disli kcslpreferences C3n mOlke assessment of uri
nation during hospitalization much c:lSier as c:m 
the use of specific conunands, e.g. 'spend' is the 
toileting command often uscd by the Gu ide 
Dog for the Blind Association. 

a When was the animal laS! In season? 
In female animals a recent se;lson or treatment 
with exogenous oestrogcos result in vaginal 
cnbrgemelll. This may interfere wilh vagino
urethrography. parlicubrly urcthral filling. If the 
im'cstigation is d ective it may be preferable to 
postpone it until the cffect of the oestrogen has 
subsided. 

I5&l PHYSICAL EXAMINATION 

o Generat physlcat eUmlnatlon 
This should include the animal's body condition, 
demeanour, hydration !ralUs as well as ;l risk 
asseSSment for general anaes thesia. 

o Abdominal and bladderpalpallon 
Is the bladder empt), or full? If empty can any 
masseslthickening of the bladder wall be 
palpattd? Can it be expressed and if so what is the 
subjective deGree of resistancc? Is the abdomen 
distended, painful or does it contain fluid? 

o Elamlnalion 01 extemaillentialil 
Urethral bleeding ml)' be the fin:t indicator of a 
urethral ncoplasm or prostatic disease. Pus drip
pingfrolllthepcnis may indicatea prostatieabscess. 
Male cau wi th fcline lower urinary tract disease 
mar have a gelatinous plug visible at the extern>ll 
urethral o rifice. The external genitalia nuy appnr 
Jmbiguous in intersex anim~ls. Unconscious leak
age of urine confirms urinary incont inence. 

Q Eumlnatlon 01 perineum and Inguinal rIlllons 
Bladder entrapment in a perineal or inguinal 
hcrni~ may cause dysuria or acute urinary tract 
obstruction. 
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a Urethrallxamln.tlon 
In th~ dog th~ ur~thra should be ~xamin«i along 
its length by rectal (and vaginal) palp:ltion of the 
intrapelvic un:thra and ~xternal palpation of the 
perineum and penis. In the male dog or cat the 
penis should be exposed and the ~xternal urethral 
orifice examined. Calculi and focal/diffuse nco
plums may be palpable on urethral examination. 

o Examination of the prostate 
The prostate should be ralpat«i per rectum or 
using a combination 0 rectal and abdominal 
palpation. Its siz~, position. consistency and sym
metry should be assessed. The normal prostate is 
not painful on palpation and is firm :lnd bilohed 
on recl.al palpation. 

o Observe urination 
Urination should be observed to corroborate the 
owner's description. Check whether the stream is 
continuous or intermitt~nt :tnd ass~ss if urin:ttion 
is initiat«i norm:tlly. 

a Passage ot • uredlnll tltheter 
In the m.ale dog :t c:ttheter can be pass«i to help 
csublish urethral patency. In the bitch or c.at it is 
.advis.able to wait until the .animal is s«i.at«i or 
.an:tcsthetiz«i befon: attempting to pass:t catheter. 
Passage of a catheter. a.lthough useful. docs not 
exclude :t physic.al obstruction since a. c.atheter 
m.ay be adva.nced beyond small ulculi .and soft 
tissue masses may .allow pus.age of a catheter. but 
a.CI u a valve to the antegrade pass.age of urine. 
Pus.age of a c.atheter is also a useful means of 
emptying the bladder .and assessing the residual 
volume of urine. Following urin;l.tion the norm:tl 
residual volume is belWecn 0.2 and 0.4 ml kg". 

o Neurolog lcalelamlnatlon 
Anim;l.ls with abnormal micturition sccondary to 
neurologic:tl dise:l5e usually h:tve neurological 
ddiciu ;l.nd a. history of other abnorm:tlities. e.g. 
spin;l.l diseue, faec.al incontinence. The exami na
tion of .all anim;l.ls with ;l.bnorm:tl micturition and 
urinary incontinence should include exami nation 
of the sacral reflexes. If the perineal .and bulbo
spongiosus reflexes .arc intact, there is norm.al anal 
lone, a.nd scnntion over the caudal back, perineum 
and tail is prescnt; the ncral reflexes and pudend:tl 
nervc function c:tn be consider«i normal. In cases 
of suspected neurologic.al disease, ;I. full neurolog
ical ex.amination should be performed remember
ing th.at apparently unrd;ated deficits m;ay indicate 
a multifocal disease. e.g. anisocori;a or bil.ateral 
mydriasis with dysautonomia. 

• Laboratory Investigations 

Urine lX,min,lIon 
Urine from.all ;animals with :tbnormal micturition 
.and urin:try incontinence should routinely be col
lected ;l.nd submitted for urin;l.lysis and bacterial 
culture. Ideally the best method of collection, u it 
is leut likdy to be cont;l.min;a[ed by norm;al flora 
residing in the extern.al genitali;l., is cystocentesis. 
However in some animals, particul.arly those 
which an: fat, laq;~ and incontinent, this m;l.y be 
difficult to ;l.chieve without the aid of uhrasound 
guidance. Catheterization is;l. pr;l.ctical alternative 
ahhough attention to technique is required and a 
quantitative culture should be requested. S:tmples 
should be collected in suitable cont:liners :tnd 
transported to the laboratory without delay. 

Uri nalysis should include determin.ation of the 
urine pH, specific gravity, protein content, as well 
as routine biochemicaltesu. The sediment should 
be examined and the presence, appe:tr:tnce ;l.nd 
number of red ;l.nd white blood cells recorded. 
The presence of C25ts, bacteria, epithdi;l.l cells ;l.nd 
rype of crystals should also be noted. Although 
urinalysis may suggest.a bacteri.al infection. bacte
riology should be perform«i to definitively 
di;l.gnos~ urinary tract infections and provid~ in 
vitro .antibiotic sensitivities. 

HaematoloIY ,nd blochemlllrr 
Routine h;l.enmology :tnd biochemistry should be 
considered in all .animals with :tbnormal micturi
tion .and/or urinary incontinence and not JUSt 
reserved for dderly :tnimals and those with 
systemic diseasc. Useful information c:tn often be 
g:tined from routine screening .and may reveal or 
suggest an underlying cause for the urin;l.ry tract 
dise:l5e, e.g. di;l.hctcs melli tus and hyperadreno
cortism frequently predispose to urinary tract 
infection, hypercalcaemia may frequently pre
dispose to calcium oxalate uroliths ;l.nd uf:tte 
calculi .arc frequently associated with hepatic 
encephalopathy. 

S'TOloIY 
Urinary incontinence in C;l.IS hu been associated 
with feline leukaemia virus infection (FeL V) and, 
therefore, it is prudent to test incontinent Clts for 
FeL V prior 10 inv~stig;l.tion. 

R,diolflphlc Ind ull",onol"phlc 
Investilations 
Radiographic investig.ation, pl.ain :tnd contrast 
studies. and ultrasonography arc the most 
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imponam t«hniqu ... s usro in th ... investigation of 
abnormal micturition and urinary incontinence. 
Plain films can r ... veal renal enlargement or irregu
larity which may be s«ondary to abnormalities 
aff«ting the lower urinary Iract. The size of the 
bladder can be assessed and the presenCe of radio
opaqu... calculi determined both within the 
bladder and at other sites along the urinary tract. 
Secondary changes suggestive of malignancy may 
be Secn, in panicular enlarged sublumblr lymph 
nodes and bony ch;mg ... s aff ... cting the prJvis and 
venebn.e in advancro cues of pronatic neoplasia. 
In the male dog prostatic enlarg ... ment may be 
appalTnt, u may lesions aff«ting the os penis or 
penile so(t tissu ... s. Absence of a bladder shadow 
or evidence of abdominal fluid may indicate uri
nary tract rupture particularly following trauma. 

The most useful radiographic invesligations 
involve the use of contrast media and these studies 
demonstr.ue urinary tract anatomy. Physical 
obstructions, such as S!rictures, radiolucent calculi 
and soft tissue muses or bladder/urethral tears, arc 
most usefully demonstrated with these t«hniques 
but :II negative stud}' may 3.lso pro\'ide ... er)· useful 
information by ruling out an anatomical lesion 
thereby suggesting a functional abnormality. The 
most useful contrast studies include positi ... e con
trast urcthrocystogr:tphy (\'agino-urethrography 
in the fem ale), d ouble contrast cystography and 
intra ... enous urography. Pneumocy5tography, 
although commonly used, in practice- provides no 
addition:tl infonn:ttion to the :abo ... e studies and is 
more likely to be: ass003tcd with a missed diagnosis. 

Uhrasonogr:l.phic examination of the urinary 
tr:l.ct is complementary to r:l.diogr:l.phy. Ultra
sound is panicularly good for examining 
th ... urinar)' bladder as well as th ... kidneys and 
prostat .... There may b ... limitrd access and sensi
tivity when examining th ... urethra and normal 
ureters, resp«ti ... c1y. Therefore, contrast n.diog
raphy is in sconeral a belt ... r method of examining 
thes ... structures, altho ugh dynamic ultrasound 
im:llging of ureteral emptying is an excell tnt way 
of confi rming that the ur ... tttS empty into th ... 
bladder in incontinent animals. 

In ord ... r to makc the btSt use of these t«h
niqu ... s and in particular contras t radiography, 
good r:adiogr:aphic technique should be' used. 
Whtn the investigation is cI«tive animals should 
be' properly pr ... pared for th ...... xamination with 
enemas, so :t5 to a\'oid faeces in the rectum 
obscuring intr3peh·ic detail. If malignancy is sus
pected. thor3cic films and ultrasound ... xamin:uion 
of tht li"'er and sublumbar lymph nodes should 
also bt pcrformro. 

I FURTHER INVESTIGATION 

Tht above di3gnostic in ...... stigations tend to form 
the cor ... inv ... stigation for the majority of animals 
presentw with abnorm .. 1 micturition and urinary 
incontinence. Sp«ific extra investigations based 
on the animal's history and outcome of th ... testS 
detailed abo ... e include the following. 

• Specilic In.esllg.lion ollhe proslsle 

Prostatic disease is a common caus ... of abnormal 
micturition and urinary incontinence in entir ... male 
dogs and as such warr:ants a slightly more in depth 
investigation. Common prost :l tic diseases arc 
detailro in Table 22 .1. The above approach applies 
to the in ... cstigation of dogs with prostatic disease 
bOl additional specific tests may also includt: 

• prostatic aspiration/fine needl ... aspi ration 
• core biopsy/incisional biopsy 
• prost:lltic washcs pre:- and postprostatic mas

sage 
• s ... men e\'aluation 

• Calculus analys is 

Calculi obtained as the result of voluntary void
ing, surgical r ... mo ... al. c:lIhetcr or endoscopic 
retrie ... al or voiding hydropropulsion sho uld be 
quantitatively analysed using physical techniques 
such as X-ray diffraction crystallography since 
chemical analysis can bC' inaccur,lIe. All calculi 
should bt s«tioned btfore analysis to "'5lablish if 
they are composite in nature and if so what each 
layer is composed of. In cases of r«urr ... nt urinary 
tract infection culture of a c:alculus is also usdul. 

• Biopsy 
Biopsy of masses in ... olving the urinary tract is 
important in the differentiation of malignam fro m 
benign lesions. Biopsies may bt achie ...... d in a 
numbtr of ways, many o bviating the need for 
surger}' . As th ... bladder and urethr:a are hollow 
organs the more commonly used methods of non
in"'asi\,t tissue collection such as fine newle 
aspir:l.tts and core necdlt biopsies may bt inap
propriate. A useful tcchniqut for obtaining tissu ... 
fro m the ure: thra and bladder is by ... atheter suc
tion biopsy, guided by digital palpation and/o r 
ultrasound. In larger female dogs biopsi ... s may be 
m3de usi ng dir«t ... isualization via a cystoscope. 
Howe ... er. for some lesions there will be no al ttr
nati ... e to collecting a biopsy surgically. 
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• Cysloscopy 

Endoscopy of the lower urinary tract can be used 
to directly visualize and biopsy lesions within the 
bladder and urc:thn. in dogs and cau. Rigid paedi
atric cYStoscopn arc most commonly ustd and 
may provide useful infomution about congenital 
(e.g. openings of ectopic ureters) as wdl as 
acquired lesions (e.g. nroplums, calculi). E"",min
ation of the bladder and urcthn. is limited by 
penile anatomy in m.1lc dogs unless a long flexible 
scope is used, although prepubic percutaneous 
cystoscopy is possible with a rigid scope. In some 
small cats and dogs the usc of biopsy forceps may 
be restricltti and overall the ;l\·ailability of suiublc 
c:quipmcni and cxpenise: in vcterinary practice is 
limited. However, cyStoscopy is a useful procc:
dure and is cUfTently considcr«i 10 bc thc opti
mum method of discriminating idiopathic cystitis 
from other causcs of fclinc lowcr urinary tract 
diseasc. 

• Urodynamlc Invesltgalton and other 
eleclrophyslologlcall .. l. 

Much has ~en written on the we of urooynamics 
in the inve$ligation of abnormal micturition and 
urinary incontinence in the vctcrinary literature. 
The techniques most appropriate to the investiga
tion of abnormal urination and incontinence arc 
cystom~lry. uroflowmC'lry and urtthral prrssurr 
profilom~try. These investigative techniques play 
a large role in the investigation of urinary tract 
disease in humans but unfortunately ha\'e ~en 
applied rarcly 10 the investigation of clinical nses 
in the veterinary field. This is mainly due to the 
lack of co-operation reccived from vctcrinary 
patients compar«i to humans. CYStOmelry me::ro
sures the reb.tionship between bladder pressure 
and volume during bl::rodder filling. Uroflowmetry 
measures urinc flow ::rogains! time and urcthr.al 
pressure profi lometry me::ro$ures urelhr.al tone 
over urethral length. The use ::rond interpretation of 
the results obtained from these investigations is 
specialized and they arc only avai1.~ble at a few 
referral centres. Electromyography is also useful 
in the investigation of suspected neurologic::rol 
causes of abnormal micturition and urin::rory 
· . mcontlOence. 

• Advanced Imaging technIques 

These techniques include myclogr.tphy, com
puted tomogn.phy and magnetic resonance imag-

ing. They have a role to play in ccrtain cues of 
abnormal micturition and urinary incontinencc 
but arC' perhaps most useful in the investigation of 
neurological causes of lower urinary tract disease. 

• Drug Irlal 

In some dogs with abnormal micturition and uri 
nary incontinence no obvious anatomic",I, infec
tious or neurological cause for the dysuria nn be 
found. In thesC' animals a functional abnormality 
is assumed to be present. The cause of the func
tiona.! abnorm",lity can be difficult to diagnose 
definitively but the ",nim::rol m",y respond to symp
tomatic treatment with ", varier}' of drugs which 
may suppOrt the presumptive diagnosis. Possible 
causes of such function",l abnormalities include 
detrusor instability and reflex dyssynergia. 

Detrusor instability is a functional abnormal 
ity whereby the bladder is hyperactive and 
poorly compliant. In humans it is a common 
cause of urinary incontinence. Ie is thought to 
exist as a primary entity in dogs, but is proba
bly most commonly seen secondary to urinary 
tract infections. Definitive diagnosis is madC' by 
c),stometry but response 10 'bladder calming 
drugs' such as the antimuscarinics oxybutynin 
and propamhcline supporu the presumptive 
diagnosis. 

Rtfll'x dyJfyn~rgi4 is another functional abnor
mality which is most commonly ICen in anim"'ls 
with neurologic",) diseUC', howevC'r it may also 
occur in animals without obvious neurological 
deficits. The affected animal Stuts micturition but 
the striated muscle round the urethra contracts 
causing a functional urethral obstruction with 
passage of no or only small spurts of urine. 
T realment with a smooth and skeletal muscle 
rel"'X20nl frequently helps, e.g. diazep",m and 
phenoxyhcnzamine. 

When investigating animals with abnormal 
micturition and urinary incontinence it should be 
remembered that it is common for tWO or more 
conditions to co-exist. Some abnormalities may 
predispose to other conditions, e.g. urinary tract 
infection predisposes to stTUvite calculi, ectopic 
ureter predisposes to infcction ",nd many of these 
conditions can cause abnormal micturition and 
urinary incontinence in their own right. It is 
important therefore that thC' invenigation is 
thorough and additional disC'ase is not over
looked. The management of specific conditions 
affecting the bl",dder, urethra and prostate is 
detailed in Chapter 41 . 

Alibi" ko ,""grad (l 
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Haematuria 
J. K. Dunn 

1-lacm;J.wria is the presence of blood in the urine. 
Hacmaruria which is visible to the naked eye 
(gross hotcmaturia) warrams further investigation. 
Microscopic hacmaturia (hacnl3luria detccted 
only on examination of urine sediment) rna)' be of 
little clinical significance. Small numbers of cry
throcytes a fC lost via the urinary tract in healthy 
dogs and cats (usually less than five to seven red 
cells per high power field). Moreover, the tech
nique (t;J.thctcrization or cystocentesis) used to 
collttt the sample may also result in contamina
[ion of urine with red blood cells. Microscopic 
haematuria is more likely to be significant if (1) it 
is a persistent finding ilnd (2) on examin;J.tion o f 
urine sediment there arc more than fi vc to seven 
red blood cells per high power field. 

DIFFERENTIATION OF HAEMATURIA 
FROM HAEMOGLoBINURIA AND 
MYOGLOBINURIA 

It is imponant to differentiate haemamria from 
hat'moglobimlrul. 111e laner also imparu a red 
dish colour to urine and may be accompanied by 
haemoglobinaemia resulting in red discoloration 
of sep:lr:ued plasma. H aemoglobinuria occurs 
when a large amount o f haemoglobin, released 
from red cells during a haemolytic crisis, exceeds 
the liver's capacity to convert it into bilirubin and 
is filtered by the renal glomerul i. Filtered haemo
globin is toxic to renal tubules and may result in 
mbu lar necrosis. In acidic urine haemoglobin 
appears more brown than red so that hacmoglo
binuria is often char.lcterized by a brownish red 
or 'port wine' discoloration of urine (Fig. 45.7; 
Chapter 45). H aemoglobin is also released from 
lysed red cells in 'aged ' urine samples. If a urine 
sample is allowed to stand for 15-20 min or is cen
trifuged, intact red cdls sellie OUt in the sediment 
and the supernatant becomes clear whereas with 
haemoglobinuria the supernatant retains its origi
nal colo ur. Others have advocated the usc of an 

occult blood test o n urine sediment; a negative 
occult reactio n on the sediment and :m absence of 
red cells. with a positive occult blood response on 
the supernatant suggests either haemoglobin or 
myoglobin is present. 

Seyere muscle necrosis, trauma (severe crushing 
injuries) or the exenional rhabdomyolysis seen in 
greyhounds may result in myoglobinuria and a 
reddish brown discoloration of urine. Like 
haemoglobi n. myoglobin is IOxic to renal tubules. 
Animals with myoglobinuria are likely 10 present 
with generalized muscle pain, muscle swelling, 
weakness and raised muscle enzymes (alanine 
aminorransfcnse. creatine kinase and lact:ne 
dehydrogenase). 

Ot her pigments such as porphyrins, ce"ain 
drugs (phenytoin, sulphonamides) and some dyes 
in foodstuffs arc rare causes of red or pink d is
colored urine. 

I CAUSES OF HAEMATURIA 

Haematuria may arise from lesions in the kidneys 
or lo wer urinary tract. Lesions involving internal 
and external genitalia may also result in significant 
haematuria. Hence haemaluria may be classified 
according 10 the anatomical site of origin (fable 
23.1). 

I INVESTIGATION OF HAEMATURIA 

The objectives of the initial investigations are 
firstly to localize the haematuria to an anatomical 
si te and then to identify the C:luse. The presence of 
free intact red cells and red cell casts indicates 
haemorrhage into renal tubules o r severe 
glomeru lar d isease allowing red cells 10 enter the 
tubules. Systemic d isorders, nlOSt commo nly 
abno rmalities in haemostasis such as thrombo
cytopenia or coagulation factor deficiencies, may 
cause d iffu se bleeding thro ughout the entire 

Avk'r o· as~ ellO gradivo 



Tallie 23.1 causes of haematuria based on site of origin 

Kidney 
• Pyelonephntis 
• GlomerulOnephropatl'ly 
• Acute tubular necrosis (e.g. gentamycln toidcity) 
• leptospirosis (tare) 
• Neoplasia (usually primary) 
• Renal calculi 
• Renal cysts 
• Infarction, e.g. subacute bacterial endocarditis. 

cardiomyopathy 
• Trauma 
• Idiopathic renal haematurla 
• Re<:urring haematuria of Welsh corgis 

• Dirofilarid immitis (microfilaria) 
• Dioctophyma refld/e 

lower urinary tract (untlt, bladder and unthra) 

• Infection 
• calculi 
• Inllammatlon, ego feline lOwer uril'lilry tract disease or 

obstructtw uropathy (usually occurs In tile absence of 
II1te<:lion) 

• Neoplasia (e g. transitional cell carCinoma) 
• Trauma (resulting in bladder or urethral rupture) 
• Retention cystitis, e,g. spinal cord damage resulting in 

upper motor neurone lesion 
• CytlQPhosphamide (sterile haemorrhaglC cystitis) 
• Capillaria pllu 

leng"} of the urinary tract which may be associ
ated with other cliniclli signs such as petechi:uion 
of the skin llnd mucosae. 

I§~I HISTORY CHECKLIST 

a Age , sel and breed? 
Females in general ha\'e II higher incidence o f uri
nary tract infectio ns and some breeds of dog are 
pred isposed to the formation of cenain types of 
urinary calculi (see C hapler 41 ). 

o Is Ihls the fi rst epiSOde of hllmaturla? 
If not, note frequency, severity and outcome of 
pre\'io us episodes. 

a Does blood appear Ihrollgholll urlnallon? 
Blood which is present throughout urination 
indicates disease o f the kidneys, ureters or blad
der, I-iaem:nuria at the beginning of micturition is 
mo re consistent with disease of the lower urinary 
tract, i.e. prostlte, urethra, penis, uterus or vl gina, 

HAEMATURIA I 177 

Dlffun bleeding 
• Bleeding disorde~, e g. thrombocytopema. coagulation 

lactor deliclencies 
• Heat stroke (probably due to OIC) 
• Violent e.ercise 

Accessory SIX ollans, internal and Idetnal Denitalia 
• Prostatic disease (prostal!tis, prostatic abscess, prostatic 

cyst, beniOn prostatic hyperplasia, neoPlasia) 
• Uterus (oestrus, Inlectiofl, subinvolution of the 

placefl!a, neoPlasia) 
• Vagina (oestrus. benign polyps, trauma. neoplasia, e g. 

transitional cell carcinoma or transmissible venereal 
tumour) 

• Pems (trauma. neoplasia, e.g. transmissible venereal 
tumour) 

laltODenic haematurla caund by technique und lor 
coltectlng urine sample 
• Catheterizaliofl or cystocefllesis; manual e.pression 

01 the bladder 

Haematuria confined to the end o f micturition is 
characteristic of bladder or prostatic disease 
although dogs with prostatic disease often may 
pass drops of blood independent of urinatio n. 

o Are other signs 01 urinary tract disease present? 
These may be d ysuria (painful or difficult urina
tion), stranguria (painful, o ften non-productive 
auernpts to urinate) or pollakiuria (increased fre
quency of urination). Haematuria caused by 
infl ammation and/or infection of the lower 
urinary tract, prostate or genitalia, or disorders 
which result in obstruction of the urinary tract 
(e.g. cystitis, calculi or neopbsia) is often associ
ated with abnormal micturition. In this context it 
is wonh nOling thll owners of calS with lower 
urinary tract disease, especially those with 
obstructive uro pathy, often confuse stranguria 
with constipation. Occasionally animals thai ue 
severely dysuric may also become incontinent 
(urge-type of urinary incontinence associated 
with persistent mechanical stimulation of the 
lower urinary tract by calculi ). 
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a Is.nlmal Ibowlng system ic silins 01 disease, e.g. 
weight lou, .norexia, lethargy? 

The presence of such signs suggests that t"itht"r 
renal or prostatic diseast" may be rt"sponsibl t" for 
the hacmaturia. Vomiting, diarrhoea, polydipsia 
and polyuria rna}' be evident in dogs with t"nd· 
stage pydonephritis and bitches with pyometn.. 

a Is there evidence of abdominal pain, I.e. dOH Ihe 
.nlmalappear restleu. uncomfort.ble.nd sllnd 
with Its back arched? 

Pyelonephritis. ureteral calculi and acutt" pronati· 
lis may cause abdomin:ll pain which may bt" diffi· 
cult to localize. 

a HIS there been olher evidence of external 
hllmormalle such II epistaxis , melaena, 
cul.neous or mucosal haemormage? 

a History of previous surgery? 

a Traum.? 

Exposure to drugs (e.lI. cyclophosphamide) or 
toxins (e.g. antlcoagul.nt rodentlcldes)? 

a lI.n Intact lema Ie , Is she or h.s she recently been 
In oestrus? 

1",1 PHYSICAL EXAMINATION 

Is there evidence of dysuria or stranllurla .nd can 
the animal pau a good continuous now of urine? 

In many cast"s it may be necessary to hospit<llize 
the :lnimal in order to confirm the owner's obser· 
'lations or suspicions. The prt"sence or :lbsenct" of 
dysuria for example is important in establishing 
the origin :lnd cause of the haemaluria and in 
some c:l.Ses the owner m:ly not be :lble to provide 
this information. This is especially true in cats 
which do not use an indoor litter tray. 

a Is there evidence 01 cul.neous or mucosal 
hllmontlages? 

a Isth. animal 's g.it normal? 
Dogs with acute prostatitis may appear ataxic. 

a Examinallon 01 the abdomen should Include 
c.reful palp.t1on 01 the kidneys and bladder; the 
uterus may be palpated if It Is distended with nuid. 

Large prostatic masses for example paraprost:nic 
cysts may be identified on abdominal palpation. 

The kidneys may be enlarsed and p;ainful 
(glomerulonephritis, pyelonephritis) or t"nlarged 
and non·painful (hydront"phrosis or polycystic 
kidneys, ;amyloidosis or ncaplasi;a, t".g. Iym· 
phom;a). Tumours and vesicu lar calculi if large 
enough can sometimes be detected on palpation; 
muhipl~ calculus formation may result in crepita· 
tion within tht" bladder lumen. The bladder of a 
cat with obstructive uropathy is firm, disu:nded 
:and extremely painful. 

o The prostate. pelvic ul1Ithra and cervix should be 
palpated per rectum 

The C2uses of prost':atic enlargt"ment arc listed in 
Table 13.1. A large painful prostate suggesu acute 
prosu'ritis; a large asymmetric:al and painlrss 
prostate with irregular surface contours is more 
consistent with neoplasia. 

a The extem.1 genitalia should be examined 
The t":e ternal genit:ali;a should be examined for evi· 
dence of trauma, inflammation and/or infection, 
ulceration, petcchiation and nroplui.l. 

I INITIAL OIAGNOSTIC PLAN 

Many isolated cpisodes of haematuria art" the 
result of infection which rc:solvt" with appropriate 
antibiotic therapy (sce later). In these uncompli
cated cases a mininum databast" at the very least 
~hould include urinalysis. A more aggressive diag. 
nostic approach is warranled for ani mals which 
t"l ther fail to respond to anlibiosis or which have 
pt"rsistent or recurrent haem;aturia. In tht"se cases 
it is important to rule out factors which may pre
dispost" to recurrent infection, and also systt"mic 
disorders and bleeding defects as possibl~ causrs 
for the haematuria. If the patient is in shock or is 
suspected to be severely anaemic, thoracic and 
abdominal radiographs should bt" taken to check 
for evidence of trauma and appropriate laboratory 
tests should be performed to evaluate haemoSlasis 
(sec Chapter 21 ). 

• UrinalYSis 

When interprt"ting the results of urinalysis it is 
important to remember that the method used to 
collect the urine sample and the way in which it is 
subsequently handled can influence the resulLS. 
For example a midstream voided sample which is 
usually ust"d for initial routine urine analY5is may 
be contami nated by blood, bacteria and exudate 



present in the prepuce o r vagina. T raumatiz.ation 
of the urethra during catheterization may result in 
microscopic o r occaJionally gross haematuria and 
at the same time may introduce infection into the 
bladder. Cystocentesis is the preferred method of 
obtaining a represcntati,'e sample of urine from 
the bladder. 

Urinalysis should be performed on a freshly 
collected uncontaminated urine sample within )0 
min. If urinalysis cannot be performed within 2 h 
the sample should be refrigerated at 4'C and 
brought back to room temperature before it is 
anaJysed. Routine urinalysis consists of (1) check
ing the colour, turbidity. smell and specific gr:a.v
it)'; (2) pertonning a series of biochemical tests 
using multitest dipsticks and (3) microscopic 
examination of centrifuged urine sediment (S min 
at 2000 rpm). 

Confirming grou or microscopic hllmlturil 

Although contamination with red cells may still 
occur in a sample collected by cystocentesis this is 
usually minimal if a fine 22 gauge needle is used. If 
blood is absent from a sample collected by cysto
centesis and present in a voided specimen then it 
mUSt originate in the lower urinary tract disu.l to 
the bladder. As a general rule of thumb the sedi
ment of urine collected by cYSIocentesis should 
have no more than 0-3 red cells per high power 
field (hpf}, catheterized samples 0-5 red cellslhpf 
and midst~:a.m voided samples 0-7 red cellslhpf 
on microscopic examination. 

Urine dipsticks give a false positive reading 
for blood if haemoglobin o r myoglobin is pre
sent in the sample. H aemolysis occurs in hypo
tonic urine (sp. gr. < 1.008) or if the urine is 
very acidic or alkaline. Similar false positive 
results may occur if a urine sample or the teSI 
pad on the dipstick is conuminated with an 
oxidizing agent such as povidone iodine or 
hypochlorite. 

UrlnopH 
Most dogs and cats have a urine pH between 55 
and 7.0. A sample of urine which is allowed to 
lund open at room temperature will become 
aJkaline. In small animals the presence of haema
turia in association with an increase in urine pH 
(often greater than 7.5) is suggeSlive of a urinary 
tract infection caused by urease-producing 
bacteria (e.g. StaphylOC'OCCUJ spp., ProteJfS spp. 
and Klebsiella Ipp.). 
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Glycosurll 

Glucose is mon easily dcte:cted using the te:st pad 
on urine dipsticlu. The presence of glucose: in the 
urine of cats in most cases is the: re:sult of fear o r 
the stress associated with obtaining the: urine or 
blood sample:. Glycosuria is accompanied by 
hyperglycaemia and often a marked lymphocylO
sis. If glucose: is detected in a caninc: urine sample 
further investigations arc warranted to rule out 
di:a.betes mellitus and hypc:radrenoconieism both 
of which may be associated with recurrenl uri
nary tract infections. 

Proteinuria (see Chlpt" 9 for I more d,t.lI,d 
Iccount of Investlgltlon .nd slgnlflclnCB of 
proteinuril) 

Dipstick reagent strips detect albumin; they do 
not te:5t for globulins or Bence-Jo nes proteins. 
Turbimctric te:sts such as the sulphosalicylic acid 
test detect albumin. globulins. Bencc:-Jones pro
teins and glyeoproteins. The: protein conce:nlr:!. 
tion should be interpreted in light of the urine 
specific gravity (sp. gr.). A 1+ rc:action in an isos
thenuric sample is probably more significant than 
a similar reading in a umple which has a sp. gr. 
of 1.045. Urine with a sp. gr. > 1.020 may be 
expected to contain a trace or 1+ protein; rardy 
doc:s normaJ urine contain more than 2+ protein. 
Any loss of red cells into the urinary tract will 
contribute towards the prote:in content although 
it generally requires massive bleeding to cause 3+ 
or 4+ proteinuri:!.. The urinc: protein co ntent may 
also be influenced (increased) by the pre:sencc: of 
urinary tract inflammation and/o r infection; pro
teinuria which occurs without significant num
bers of white o r red blood cdls is suggestive of 
glomeru lu d:!.mage. The significance of persistent 
3+ or 4+ proteinuria can be more accuratdy 
assessed by determining the urine protein:creati
nine ratio which has a close correlation with the 
quanti tative 24 h urine protein determination (see: 
Chapter 9). 

• Microscopic .xamlnatlon of urln. 
sediment 

Pyurll (lnc"",d numb,,, of whit. blood Cllls) 

Nonnal voided urine should conuin less than 
eight leucocytes per hpf (for samples obtained 
by catheterization and cystoce:ntesis the figures 
are less than five and less than three. respec
tively). Contamination of the urine sample with 

A d 0 
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a purulent preputial or vaginal discharge may 
resule in an increased number of white blood 
cells (pyuri ;!.). Persistent pyuria in a urine sample 
collected by cystocentesis is indicative of urinary 
tract inflammation. In most cues the inflamma
tory changes arc the result of infection, either 
uncomplicated bacterial cystitis or urethritis, o r 
infection usociatcd with neoplasia or urolithi ;!.
sis. Ceru.in types of cystic or urethral calculi in 
the dog, for example urates or oxalates, can cause 
pronounced inflammation in the absence of 
infection, and in tile cat naturally occu rring Clses 
of lower urinary tract disease arc rarely associ
:lIed with an infectious agent ;!.Ithough recent 
studies have implicated the involvement of 
viruses (feline calici virus and a cell-associated 
herpes vi rus). Conversely it is noe unusual for an 
animal which is producing exceptionally di lule 
urine or which has deficient granulocyte func
tion (e.g. one with diabetes mellitus or hyper
adrenocorticism) to ha\'e a concurrent urinary 
eraci infection but no microscopic evidence of 
pyuria. Urine which contains increased numbers 
of leucocytes should be routinely submitted for 
bacleriological examination (cultu re and sensitiv
ity) regardless of whether bacteria arc seen on 
microscopic t'xamination of the sediment (see 
below). Similarly urine from diabetic and 
cushingoid animals should be CU[lurro even if 
there is no cl inical or laboratory evidence of 
urinary tract disease. 

Leucocytc esterasc :lctivity is detected on a dip
stick o nly when mo re than 15x lCY o rganisms ml-\ 
of urine are present. It is therefore an insensilive 
screen for pyuria in small :lnimals. Oxidants such 
as cephalosporins and genumycin may produce 
false positive results. 

Bacteriuria 

The presence of bacteria, ohen with increased 
numbers of red and white blood cells, in :I urine 
sample collected by c),stocemesis usually indi
cales a urinary tract infection (UT I) originating in 
the bladder or less frequently ureters or kidneys, 
although the reflu x of urine from the proximal 
urethrJ into the bladder in dogs with proslalic 
d isease can result in similar laboratory findings. In 
contr:lSt, the presence of bactcn:l in association 
with pyuria in voided or calheteriz.cd samplts 
may indicate infection at any point in the urinary 
tract or contamination of the sample by a 
preputial or vagi nal discharge. The presence of 
b:lcteria in a sample containing few leucocytes 
suggests COlllaminat ion by cutaneous or hecal 

organisms. G reater than 10' bacill i ml-\ and 10j 
cocci ml-) must be present in urine before the 
organisms arc readily seen on microscopic exami+ 
n:llion of urine scdiment. Yeast infections (c.g. 
Candida spp.) :Ire nOI easily deteclro on rourine 
urinalysis since typicall)t few organisms arc seen. 
For these reasons urine samples showing evidence 
of haematuria. pyuria o r both should be cultured 
even if organisms arc not seen during ro utine 

• • • • nllcroscoptc exammatlon. 
The nitrite test band o n urine d ipsticks is gener+ 

ally considered to be an unreliable indicator of 
infection since the d iet of small animals usually 
contains insufficient nitrate and not all bacteria 
reduce nitrate to ni trite. A positive test result is an 
indication for urine sediment examination and 
urine culture. 

Epithelial cells 

A few small and large epithcli:ll edls may be seen 
in the urine sediment of most normal animals. 
Infection and inflammation of the lower urinary 
tract results in exfoliation of increased numbers of 
urothelial cells. Large numbers of epithelial cells 
and particularly the presence of irregularly 
arranged cell clusters should be regarded with 
suspicion. Clusters of epithelial cells showing 
v:l riation in nuclear to c}' topl:l.Smic ratio :Ire 
highly suggestive of neoplasia, in particular tran+ 
sitio nal cell carcinoma (Fig. 23.1). When I:lrge 
numbers of epithelial cells :lfe seen on routine 
examinatio n of a wei unstained prcparation of 
urine Sl-dimcnt an :lir-dried slide of freshly cen
trifuged sediment (preferably using a cytospin 
tC(;hnique) should be stained with a Romanowsky
type stain (e.g. Gierns:I or new methylene blue) to 
provide mo re delailed morphological assessment 
of the cells. The adminiSlration of cytotoxic 
agents such ;!.s cyclophosphamide and high con
centratio ns of radiographic conlrast :lgents may 
resuit in increased numbers of degenerate :lnd 
mo rphologically atypical epithelial cells. 

Cylindruria (increased numbers 01 casts in the 
urine) 

Most urine samples fro m healthy anim;lls contain 
no castS; certainly lhere should be no mort' than 
0-1 granub.r casts/ hpf and 0-2 hyaline cutslhpf. 
A C:lS t represents a cylindrical mould of aggre· 
gated protein o r cells, or both, which is formed 
within the renal tububr lumen. Excessive num+ 
bers of casts indicate renal disease although in 
some cases the renal pathology is secondary and is 
completely reversible. Nephrons that ;lre 
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Aguft 23.1 A cluster 01 neoplastic urolhelial cells in a 
Glemsa-stalned preparation 01 urine sediment from a 
dog with a transitional cell carcinoma of the bladder wall. 
Note the Irregular way in which the cells are arranyed and 
the variable nuclear:cytoplasmic ratio. May-Grijnwald 
Glemsa x125. See colour plate. 

ischacmic or b«:omc obstructed excrete mute· 
prou~in r('suhing in an incrc.ucd tendency 
towards cast formation. The prescnce of cd lul"T 
casts is usually abno nm.1 and is indicative of renal 
disease. Increased numb!!" of casu can ~ shed 
although rena] tests may be normal, for example 
during c;uly aminoglycosidC' toxicity; coO\'C'rsely 
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an absence of casts does not preclude renal dis
ease. The ('2U5e5 and significance of c:lch ty}>C of 
cast :IrC summarized in Table 23.2. 

Crystalluria 

Crystals occur commonly in urine but are often of 
little diagnostic significance. The presence of crys
rals in urinary sediment implies the urine is super
saturated and does not indicate urolithiasis. The 
solubility and concentration of the crystalloid 
determine whether crystals form in urine. The so l
ubility of crystals is p H de~ndent. for example 
struvite crystals arc commo n in alkaline urine. In 
some cases the urine is rendered alkaline by the 
presence of ureue-splitting bacteria and if the 
infection is nOltre;uro appropriately orrecurs after 
treatment, persistent :llkalinity may result in for
m;uion of struvite uroliths. Urine specific gravity 
and the temperature at which the urine sample is 
stored also influence the number of crystals pre
SC'nl (cooling urine after collection increases the 
number of crystals present). The incre.ue in pH 
which occurs in stale urine favo urs struvite crys
tallization. The urine of many normal dogs and cats 
contains 5lruvile and occasionally calcium oxalate 
crystals. Uric acid or urate crystals arc frequently 
noted in the urine o f Dalmations. The presence of 

Tabl.23.2 causes and clinical significance of dille rent types 01 urinary cast 

Type 01 Cllt 

Hyaline casts 

Granular casl$ 
(coarse or line) 

WBCcaslS 

RBC CiSls 

RenallUbular cell 
casts 

W~casts 

Fatty casts 

CompD$ition 

Pure aoorfOates of mucoprotem 
(Tamm-Horslan mucoprotein) and sma" 
amounts 01 serum albumin 

Granules represent partICles from degenerate 
tubular epithelial cells in a mucoprOlelll matrix 

Composition similar to granular casts plus 
white blOod celIS 

As lor granular casts plus red blood cells 

Represent old degenerate oranular casts 

Type 01 oranular Cistln whlcn lat droplets 
accumulate In tubular cells as they degenerate 

taUstS Ind signilicane' olinerilled numbers 

OehydratlOl1 (Increased numbers dunng fehydratlon 
and dlurestS); seYer, protemurla; unne With add pH , 
least SJgrnlicant 01 all the caslS 

Severe dehydratIOn (seen dunng rehydration); 
aminoo~coslde toXiCity 

Usually pyelo~phIiIlS, I e WBC casts IndlcaUl lenal 
inflammation (usual~ Infection); icule tubular 
I16Crosls. 

Glomerulonephnus. YiSCU~IJS, renal lnlarctlon. renal 
lumoor. Plesenct indICates haemorrhage 1110 renal 
tubules Of sever. glOmerular dISease 
(e,g. giomeruionepnlltl5 or ~Sia). 

Heavy meta/lntoxiCatlOll. tubuw hypoxlo1, acute 
OIiguric renal tailure; IIldlcative 01 severe tubular damage 

Numerous lenal diseases (see granular casts), 

Numerous renal dIseases especlo1lty In cats; may be 
seen In dogs Wi th nephrotIC syndrome 

A 
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Table 23.3 Types of crystal found in the urine 01 dogs and cats 

Type of crplal Clinical significance 

Slruvne (magnesium ammofllum 
phosphate) 

Common m neutral or alkaline urilll; may be assoclatl!d with unnary tract infectlons 
(especially infections With urease sphnlllg baclena wtliCh increase urinary pH). 

calcium oxalate Nonnal or may Indicate ethylene glycolloXiclty 

Ammonium urale/uric acid Normal in Dalmations but also found In other breeds. The presence 01 biurate crystals is 
virtually patOOgnomonic for a congemtal portosystemic shunl. 

Cystine Cysllnuria is due to an Inherited renallubular transport defect involving cystine and 
olher amino acids Cysline crystals may be observed In aCid unne. Increased Incidence 
in dachshunds. Yorkshire l errle~ and bassel hounds. 

calcium pllOsphate 

calCium carbonate 

Bilirubm 

Normal or associated With slruVite calculi. 

Rare in small animals. 

May be present 11\ normal dogs especially 11 unne is concentrated or has a high bilirubin 
concentl3\ion. 

CllOlesterol 

leLK:ine and tyrosine 

Hippurate 

Sulphonamide 

May be present in normal dogs and cats. 

POSSibly assOCIated with hepatiC disease. 

Significance uncertain. 

May occur followlIIQ tile administration 01 sulphonamldes especially il unne IS 
concentrated or UIIIII output is inadequate 

ammonium biul11te, leucine o r tyrosine crystals is 
almost pathognomonic for hepatic dysfunction 
(portosystemic shunts). Large numbers of ox;tlate 
crysu.ls if associated with clinical signs and labo
rJ.tory findin gs suggesting renal failure support a 
diagnosis of ethylen{' glycol (antifreeze) toxicity. 
Bilirubin crystals may be seen in normal dog urine, 
and some drugs. for example trimcthoprim, can 
crystallize when excreted into the urine. The dif
fere nt typcs of crystals found in urine arc summa
rized in Table 23 .3. A more detailed description of 
the different types of urolith J.nd their signi ficance 
is included in Chapter 41. 

• Urine culture and sensitivity 

Cu llUre and sensitivit), may not be juStified in 
patienu which present for the fi rst timc with 
hJ.ematuria especially if other clinical signs consis
tent with urinJ.ry tract infection (UTI) arc present 
since many cases respond to J.ppropriate anti
biotic therapy. However if an upper UTI or pro
static disease is suspected or if the UTI recurs 
after antibiotic therapy, urine cu lture is an essen
tial part of the diagnostic investigations. 
Quantitative culture ma}' help 10 determine the 
significance of J. ny o rganism isolated. T he pres· 

ence of greater than I O~ bacteria ml-I represents 
significant bacteriuria. 

• Radiography 

Plain latel111 and "entrodorsal \' iews o f the 
abdomen should be taken to check for the pres
ence of uroliths, prostatic enlargement o r enlarged 
kidneys. Some cJ. lculi are radiodensc (c.g. struvite 
and oxalates)i others (e.g. urates) arc radiolucent. 
Cystine calculi have an intermediate density. 

• Full haematotoglcat examlnallon 

HaemalOlogy should include a platelet count if 
blood loss is persistent or severe. Check for 
evidence of inflJ.mmation and/ or infection 
(neutrophilia with pyelonephritis, pyometra, 
prostatltls or prostatic abscess) and anaemia 
(bladder IUmours, coagulopathies). 

• limited biochemical screen 

• Increased urea, creJ. tinine and phosphate eon
centralions increase with renal disease, post-



renal obstruction (occlusion of the urethra by 
calculi, bladder neck tumours or extensive pro
sutic c:lrcinomu) :lnd bladder rupture. 

• ± H ypcrkalaemia with prolonged obstruction 
to urine outflow 

• ± Mild hypocalcaemia (as a result of hyper
phosphataemia). 

• H ypon:ltl":lemi:l sometimes associated with 
bladder rupture. 

• Check liver enzymes and bile salts. 
Occasionally urelhr:tl obstruction occurs in 
dogs with ponosystemic shunts due to the 
formuion of multiple sm;l.lI Ur;l.le c;l.lcuii. 

I FURTHER INVESTIGATION 

The following procedures arc indic~lIed if the 
results from the above tests are uninformative or 
if the source of haem;l.turi;l. cannot be loc:llized. 

• Cloiling proille 

One-mlge prothrombin and acriv;l.ted partial 
thrombopl;l5tin tests are indinted if a coagulopa
thy is suspected, for example if large numbers of 
red cell cuts are present in the urine suggesting 
haematuria of renal origin. 

• Urine proteln :creatlnlne ratio 

Urine protein to cre;l.tinine ratio should be cal
culated in cases with persistent 3+ o r 4+ pro
teinuria to assess the significance of the protein 
los5. Check serum albumin concentration and 
submit serum ;l.nd urine for protein elec
trophoresis. Glomerulonephrop;l.thy is usually 
char:tcterized by significant proteinuria and 
hypoalbuminaemia. 

• Radiographic contrast studies 

Pntumocystography and double contrast cystog
raphy are useful techniques fo r demonStrating 
irregularities or thickening o f the bladder 
mucosal surface (bladder neophlsi:l. chronic 
cystitis) and the presence of intraluminal 
masses (cystic c:llcu li), Retrograde urethrogra
phy is more helpful for diagnosing umhral c;l. l
culi, urethral tumours (rare), urethral ruptu re 
and p rost:atic disease (especially prostatic neo
pl:lsia). 
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Intravfmous urography detccts irregularities in 
renal size and shape u well as abnormalities and 
filling defecLS involving the renal pelvis and 
renal calyces (c.g. pyelonephritis, rcnal o r 
ureter:t! calculi, renal ncoplasi:l, renl.! cysts, renal 
infarcts, ureteral rupmre (rare) and idiopathic 
haematuria. 

• Ullrasonography of bladder, proslate 
and kidneys 

U!tt:l.sonography may help to differentiate renal 
or prost:uic cySts from neoplastic lesions. Fine 
needle upiration of :10 enlarged kidney or 
prost:ltc m;l.Y be performed under ultrasound 
guidance (sec below). 

• Arteriography 

Aneriogr:tphy can be used to detect vascular 
abnormalities but is rarely performed si nce ultra
sonography may detect similar l.bno rmalitics. 

• Proslatic wash/ejaculation 

Cytological examination of a prostatic wash or 
ejacubted fluid may help to differentiate infection 
(e.g. bacterial prostatitis or a prostatic abscess; 
Fig. 23.2) from benign hyperplasia (Fig. 23.3), 
squamous metaplasi;a (Fig. 23.4) :lnd neoplasia o f 
the prostate gland (Fig. 23.5). 

• 

Figure 23.2 Prostatic wash Irom a dog with acute 
prostatitis. Note the degenerate appearance of the neu
trophils, a few of which contained intracellular bacteria. 
May-Griinwald Giemsa ><250. See colour pia Ie. 

10 radIVO 
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Figure 23.3 Proslatic wash from a dog with benign 
hyperplasia of the prostale gland. Large sheets 01 epi· 
thelial cells are present. The cells appear unllorm with 
respect 10 size and shape. May-Griinwald Glemsa x125. 
See colour plale. 

• 
• 

• 

•• 
Figure 23.4 This prostatiC wash contains large numbers 
01 keratinized or partially keratinized urothelial cells con· 
slstent with squamous metaplasia 01 the prostate gland. 
Squamous metaplasia may be seen wilh functional 
Sertol1 cell tumours in response to high circulating 
oestrogen levels. May-Griinwald Glemsa )(125. See 
colour plale. 

• Fine needle asplrallon or biopsy 

Fine needle aspiration of an en!:trged kidney or 
prom.te gland is best performed under uh ruound 
guidance. Vaginal. penile or preputial muses can 
either be surgically biopsied or fine necdle u pi
rat'es or impression smears may be submitted for 
cytological examination. 

• Cystoscopy 

CyStoscopy is a rarely used technique with 
limitcd applications in veterinary practice. It 
involves passing a. n:l.rrow gauge flexible fibre-

Figure 23.5 This l ine needle aspirate of the prostate 
gland from a dog with a large prostatic carcinoma was 
taken under ultrasound guidance. An irregular cluster of 
urolhelial cells is present. The cells are Showing mar1c.ed 
variation in cell size, nuclear:cytoplasmlc ratio, and 
nucleolar number, size and shape. May-GrOnwald 
Giemsa x125. See colour plate . 

optic endoscope vi:t the urethra into the bl:l.dder 
(bitches only). Using this technique it m:l.y be 
possible non· invuivc!y to identify and biopsy 
neoplutic masses, thereby :tllowing the early 
differenti:ttion of malignant tumours from 
benign polyps involving the bladder or urethr:l.l 
mucosa . 

• Exploratory laparotomy 

Exploratory laparotomy is indicated only in cases 
when the source of haematuna cannot be identi
fied or if the blood loss into the urin:l.ry tract is 
particularly severe and suspected to be of renal 
origin. After admininration of :t diuretic the 
ureters :tre c:l. theterized separ:l. tdy vi:t the bladder 
:l.nd the urine collected from e:l.ch is checked for 
the presence of blood. 

I MANAGEMENT OF HAEMATURtA 

Most cues of haem:tt'uria arc the fesUIt of a uri· 
nary tract infection or infection of the acceS50ry 
sex organs, e.g. the prostate gland. In some cases 
the infection is :l.ssociated with urolithi:tsis or neo
plasia. Anim:tls which present with haematuna for 
the fi rst time and which arc not severdy dysuric 
or showing systemic signs arc therefore often 
trI~ated empirically with a 10-14 day course of:l.n 
appropri:tte antibiotic. Ampicillin or trimetho
prim sulphadiazine have been shown to be good 



fina choicc antibiotics for most urinary tract 
inf(!(: tion5. Ampicillin is almost 100% cffective 
against strC'ptococci and staphylococci; 80% 
of inf(!(:tions involving £schmschia coli or 
£nlt:robtlctf.'r spp. arc susceptible to trimethoprim 
sulphadiazine. A casc which fails to respond 10 

antibiotics, or which recurs, warrants furth er 
in-'cstiguion 10 identi fy the cause. Failure to 
respond 10 ant ibiot ic therapy indic;l.tes either a 
non-infc<: tious C:luse of h;lematuria or that the 
wrong antibiotic h3.S been chosen. Recurrence of 
hacmaturia fo llowing an initial response to antibi
o tics may be due to recurrence of the infection so 
that the urine becomcs infected with the u me 
of1;anum or in sOl11e cases the urine m;ly become 
reinfected with different microbes. Patients which 
present with re<:urrcnt urin;!.ry traCt infections, 
even if e:lch episode nl.ly be antibiOlic responsive, 
should be investigated further 10 rule out the pos
sibil ity of urolithi3.Sis, neopla.sia, Ten;ll or prost;ltic 
involvement, or the presence of concurrent 
discase (e.g. hyperadrenocorticism or diabetes 
mellitus). 

A patient showing signs of scvere dysuria 
should first Ix: c,uhelerized to ensure the urethra 
is not obstructed by calculi. If the catheter C;lnnOt 
Ix: passed, for e:umple in;l dog with;l urethral cal
culus o r a cat wilh obstructive uropathy ::Issoci
ated with the formation of ::I urethral plug, the 
animal should be managed as follows. 

• First stabilizc tbe animal with intravenous 
flu ids (norma] saline) to correct any fluid and 
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electrolyte imbalances which may he present 
and to supply mainten::mce fluid requi rements. 
The animal's general demeanour will often 
refl ect the degree of dehydration 3.Ssociated 
with the post renal azot:llemia. 

• Relieve the obstruction :lind re-establish urine 
flow. This can be achieved by catheterizing the 
anim;!.1 and back flu shing the sabulous plug or 
c;l.lculu$ with sterile u line (retropulsion). 
Cystocentesis, if p<'rformed beforehand, may 
relieve Ihe urethral spasm and allow Nsier p3.S
nge of the catheter. The plasma concentrat ions 
of urN, creatinine and pOlassium and urine 
OutpUI should be monitored closcly after the 
obstruction is relieved. POSlObstructive diure
sis may result in thc further urinary 105$ of 
pot;l.SSlum. 

• Remove ,he calculus surgi c;!.lIy (eystOlomy) or 
;lllempt 10 dissolve siruvite slOncs by dietary 
man;lgemem (sec Chapter 41 ). 

• Following surgery, medieal man~gement con
sists of endicating the infection if one is pre
sent and Slimulating polyuria by adding salt to 
the diet. 

The long-term m;/Jlagement ~nd prevention of 
canine urolilhiasis and fcline lower urinary tract 
dise~se. including obstructive uropathy due 10 

uro lith or urethral plug formation, are discussed 
in Chapter 41 . 
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Alopecia 
R.Bond 

, INTRODUCTION 

Abnormalities of the hair coat of dogs and cats arc 
usually obvious to o wners early in the course o f a 
disease. Alopecia. absence of hair in an area where 
it is no mlally present, or hypotrichosis, partial hair 
loss, is a common consequence of skin infections 
or cctoparasitic infes tations. Alopecia may also be 
a manifestation of internal disc3SCS such as 
endocrinop:lthies. In other cases, the .alopecia may 
represent no risk to the patient and may be nothing 
more than a cosmetic problem, albeit one which 
may cause the owner considerable distress. A 
methodical approach and accurate diagnosis arc 
prerequisites for successful managemcm of these 
cases. This chapter dcsuibes the mechanisms by 
which alopecia may develop and suggC.'l lS an 
appr~ach to the diagnosis of alopecia in these 
Species. 

, PATHOPHYSIOLOGY 

In mammals, a cyclical pauern of hair shl-dding 
followed by new growth and replacement has 
evolvffi. The growing or 'an:tgen' phase is ch:tr
acterized by the production of a hair shah. 
Anagen usually accoullts for 80-90% of the 
dur:t t ion of the hair growth cycle. The cessation 
of active hair grow heralds the onset of 'catagen', 
a short tr;msitional phase during which the infe
rior portio n o f the hair follicle undergoes regres
sion. The ' tclogen' o r resting phase is 
characterized by a period of apparent inactivi ty 
during which the fu lly grown hair remains 
anchored in the follicle by an expanded and kera
t inized base known as a 'club'. Shffiding of the 
hai r occurs only after the next anagen phase has 
progressed such that a new hair shaft enters the 
follicular canal. The intrinsic rhythmical follic
ular activity is modified by systemic factors such 
as thyroid:tl, adrenal and gonadal hormo nes. In 
the dog and cat, the hair growth cycle in each 

body region is asynchronous and hairs are 
replaced in a mosaic pattern. 

Diseases of hair fo ll icles have been classified 
based on pathophysiological processes which 
might lead to alopecia (Dunstan, 1995). D iseases 
characterized by alopecia can be divided into sca r
ring (or potentially scarring) :lnd non-scam'Jlg dis
o rders. In scarring alopecia, the follicle is 
damaged such that hair growth is not possible. 
This usually results from a severe infl ammatory 
process targeting the hair foll icle, such as furuncu
losis secondary to bacterial infections and demod
icosis. Less commonly, scarring alopecia may 
occur because of dermal inflammation which 
involves the adnexal structures secondarily. Non
sC:lrring alopecias are caused by eithcr structural 
or growth cycle abnormalities of the h:lir without 
foll icular infbmmation; they can be classified into 
four types (Table 24.1 ). 

Atrophic follicular diseases associated with 
endocrinopathies are the most commo n C:luse of 
bilaterally symmetrical, non-pru ritic alopecia in 
the dog. In contrast, traumatic alopecia accounts 
for most cases of symmetrical alopecia in cats. 
Follicular dysplasias or dyst rophies, diseases 
characterized by incompletely or abnormally 
formw h:tir foll icles and hair shafts, are uncom
mon causes of non-pru ritic alopecia in dogs 
which often closcly resemble endocrine diseases. 
Follicul:t r dystrophies are very rare in cau. 
Scarring disorders associatw with follicul:tr 
inOammation, which often present with patchy, 
multi focal areas o f alopecia, arc common in dogs 
but less frequ ent in cats. 

, INVESTIGATION OF ALOPECIA 

A general medical and dermatological history is 
required in all cases of skin disease. Points o f par~ 
ticular relevance in cases of :llopecia are discussed 
below. 

Avtorsko zas~ ellO gradivo 
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Table 24.1 Types of non-scarring alopecia according to the classification of Dunstan (1995) 

Subtypes 

Traumatic alopecias 

Atrophic alopeclas 

Follicular dystrophies 

Mechanism 

Hair felTlOV!d In pruritic or psychogenic disease 

Abnormal hair cycle leadino to shortened anagen
prolonged telogen (follicles are 'asleep) 

DISOrder of morphooens or structural proteins 
causlno malformation of shaft or lollicle such that 
hail growth is impossible. 

Eumples 

Alopecia in allergic skin diseases 

Hypothyroidism, 
hyperadrel\OCOrticism 

Congenital alopecia In Chinese 
crested dogs 

Matrix cell- melanocyte 
abnormalities 

Abnormal dispersal 01 melanosomes anel/or 
disruption 01 matrix cells 

Colour dilution alopecia 

I§~l HISTORY CHECKLIST 

tJ Breed predllectlon$? 
Follicular dysplasias have ocen rttognized in curly 
coated retrievers, Irish water spaniels, Portuguese 
water dogs, Siberian huskies, Doberman pinschers 
and other breeds. Breed predil«tions have also 

been described for some canine endocrinopathies 
(fable 24.2). Acquired pancrn alopecia is most 
often seen in dachshunds (fable 24.3). 

tJ Age of onsel? 
Congenital ectodermal defects causing alopecia 
from birth arc occasionally encountered. 

Tlble 24.2 Atrophic hair follicle diseases of dogs associated with endocrinopathies which commonly present with 
symmetrical alopecia 

Disease Underlyln\l Breed predllecllon AGe III onset Clinical signl Special 
pathology (other than dermatological 

skin) Illtures 

Hypothyroidism lymphocytic Various Large &-10 years lethargy. weight oa1n. Cool. puffy. 
Ihyroidllis or breeds exercise intoleranet!. 1tIk:kened s1un 
idlopat!lic atrophy corneal lipid deposits. (uncommon) 

bradycardia 

Hyperadrenocorticism Pituitary or adrenal VarIOUS. Boxers. &-t 2 years Abdominal enlargement. calcinosis cutis. 
(spontaneous) neoplasia poodles. dachshunds. hepatomeoaly. thin skin. 

terriers mUSCle wastillg. prominent 
testicular atrophy superliclal wssels 

Adrenal sex hormone Abnormal Pomeramans. t-3 years N,' Hair r8Orowth at 
Imbalancel'GrOWlh adreoocortlcal keeshund. sites 01 biopsy 
hormooe-responsive steroidogenesis poodle. chow chow or other 
dermatosis' due to adrenal trauma to the 

enzyme deliclency? ,.n 
Sertoli cell tumour Functional testicular Not reported Adult Tesbcular mass. Unear preputial 
(male) neoplasia retained testis. erythema? 

prostatomeoaly. 
anractlveness to male 
dogs. gynaecomastia. 
pendulous prepuce 

Hyperoestrogenism Ovarian 'cysts' or Not reported Adult Enlarged nipples and N,' 
(female) fUl'lCtlonal VUM. Irreoular or 

neoplasia prolOnOed oestrus, or 
priOr CHtStrooen therapy? 

Intended only as a guide. tn some cases. the listed features may be absent. Reproduced with permissiOn 01 the British Small 
Animal Veterinary Association. 

AvlC ozasc elOgradivo 



188 I PROBLEM·ORIENTED MEDICINE 

l.bll 24.3 Atrophic hair lollicle diseases 01 dogs 01 unknown or non· hormonal aetiolOgy which may present as symmetrical 
alopecia 

Disease Underlying Breed predilect ion Age 01 onset Clinical signs Main diagnostic 
pathology (other than skin) lealu," 

Telogen !lfIUVIum Synchronous N,' Variable Olten nil Rapid 
cessation 01 Previous spontaneous 
anagen. !ollowed systemic disease r&Solullon. 
by She<ldll"lg aAd or phYSiological StrBsslUI event 
regrowth stress 1-3 months 

PfiMOusty 

Seasonal flank Unkrn:lwn. Related BoKers. Dobermanns. t-12 years N,' Cyttitalor 
alopecia to photopenod? AIredale terriers. (usually 2-6 seasonal course. 

Mediated vja schnauzers ","J Exclude other 
pineal gland - diseases 
melatonin? 

Oestrogen· Unknown Not reported Adult Infantile vulva? Exclude other 
responsJV! Urinary diseases. 
dermatosIs mcontmence? Response fo 

therapy 

T&stoslerone' Unknown Not reported Adult N,' Exclude other 
responsiV'! diseases. 
dermatosIs R&sponse to 

therapy 

Acquired pattern Unknowll DachShund. 6-12 months N,' Histopathology: 
alopecia (pattern Manchester terner. mml(lturiZation 
batdlless) BosIon lelrier, wtuppet 01 hair lollieles 

Intended only as a guide In some cases, the Iisled fealures may be absent. 
Reproduced with permission of BSAVA. 

Symmetrical, grossly non-inflammatory alopecia 
acquired during the first year of life is suggestive 
of some foll icular dystrophies, mauilt cellI 
melanocyte abnormalities, or congenital endocrine 
diseases such as congenital hypothyroidism or 
pituitary dwarfism. H ypothyroidism and hyper
adrenocorticis m arc usually scen in middlc-aged or 
elderly dogs. Gencralized demodicosis and derm:l
tophytosis arc most common in young animals. 

1:1 Presence and degree 01 pruritus? 
A history of moderate or severe pruritus in a dog 
with alopecia may indicatc a trau matic aetiology 
or a scarring (inflammatory) disease. Non-scar
ring alopecia is typically non-pruritic. However, 
secondary microbial infections, most often caused 
by suphylococci, ma), lead to pruritus ill these 
diseases. If the di stribution and severity o f the 
pyoderma lesions do not correl;He with the degree 
of alopecia, then the cl inician should suspect an 
atrophic or d ystro phic foll icular disease underly
ing the skin inftttion. Re-cvaluation after anti 
microbial therapy may be helpful in such cascs. 

1:1 Evidence of transmission or contagion? 
Ectoparasitic infesutions and dermatophytosis 
should be suspected when in-contact animals o r 
humans arc affected. 

1:1 Signs 01 internal disease? 
Cl inical signs associated with abnormalities in 
other organ systems are seen with endocrine dis
eases such as hypothyroidism and hyperadreno
cort icism; thcse arc described in detail in Chapter 
39. Telogell defluxion (tclogen effluvium) is a 
transient disorder of excessi" e hair shedding 
which rcsu lts from synchronous cessation o f 
anagcn induced by a stressful event such as 
pregnancy, lact"ation, or a severe illness which 
occurred 1- 3 months previously. Anagen defl ux
ion, a rare disease rcported in cats, is characterized 
by a transient abnormality o f cellul3r prolifera
tion within thc hair matrix which leads to malfor
mation and breakage o f thc hair shaft (fable 24.4). 
Cytotoltic drugs or systcmic diseases arc usually 
implicated as causal factors. 
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a Slasonal or cyclical Iplsodes of aloplcla? 
Seasonal or cyclical episodes of non-inflamma
tory symmetrical truncal alopecia followed by 
spontaneous hair regrowth is a typical feature of 
susonal flank alopecia (fable 24.3). Cyclical 
episodes of alopecia are seen occasionally in cases 
of fo llicular dystrophies, such as that of the 
Po rtuguese water dog. 

o Riproduetivi history? 
Male dogs with OC'strogen-producing testicular 
tumours may be attractive to male dogs. 
AnOC's trus and infertility may be reported in 
hypothyroid bitches, and prolonged oestrus has 
bun reported in bitches with ovarian disorders 
and hypcrocstrogenism. 

a Previous drug administration? 
The response, or lack of response, to previous 
therapy may also be helpful; for example, failure 
of hair regrowth after 3-5 months of supplemen
tation with thyroxine at an appropriate dose sug
geSlS that hypothyroidism is unlikely. Long-term 
glucocort-icoid therapy may cause iatrogenic 
Cushing's dise.t.!le, and oestrogens m d cytotoxic 
drugs such as cyclophosphamide may also inter
fere with hair growth. A previous response w 
antibacterial therapy might suggest relapsing 
pyoderma as a cause of multifocal, inflammatory 
alopecia. 

PHYSICAL EXAMINATION 

A general physical examination may reveal clini
cal signs in other systems which may be related 
to the skin disease. particularly in dogs with 
hypothyroidism, hyperadrenocort icism and dis
orders associated with reproductive hormones 
(Tables 2 • . 2 and 2 • . 3). Although it is important to 
appreciatc that clinical signs may be confined to 
the skin in some dogs with these diseases, addi
tional physical findings can be very helpful in list
ing differential diagnoses in order of priority, 
enabling further tests to be perfo rmed in a rational 
order. 

Clinical examination of the skin. in associa
tion with the history, should allow the clinician 
to determine whether the alopecia reflects trau
matic alopecia associated with pruritus, follicu
lar inflammation leading to scarring alopecia. or 
growth disturbances associated with either 
atrophic disorders or dystrophic diseases. 
Scarring alopecias may be associated with ery
thema, papules, pustu les, furuncles and crusts, 
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and the alopecia is more likely to be patchy 
rather than symmetrical (fable 24.5). Traumatic 
alopecia in the dog is usually accompanied by a 
complaint of pruritus. Alopecia without cutan
eous inflammation in dogs suggests either an 
atrophic d isease, a follicular dystrophy, o r 
matrix cell/melanocyte abnormalities. Colour 
dilution alopecia should be strongly suspected if 
the dog has a dilute coat colour (for example. 
blue Dobermanns) and only dilute coloured 
areas are affected. Black hair fo ll icular dysplasia 
should be considered if the alopecia is confined 
to black (or dark) haired areas. Bo th these dis
e;l.5es usually develop during the firs t year of 
life. 

Dogs with symmetrical alopecia should be 
carefully evaluated for additional skin lesions. 
Comedones (blackheads), which are dilated hair 
follicles plugged with keratin and sebaceous 
debris, commonly develop in endocrine disease 
but may also be seen with demodicosis and with 
primary defects of keratinization. Thinning of lhe 
skin with prominent subcutaneous vessels occurs 
with hyperadrenocorticism, whereas dogs with 
hypothyroidism may have thickened skin due 
to increased deposition of dermal mucin 
(myxocdema). Calcinosis cutis, the deposition of 
calciu m salts along dermal collagen fibres, is 
characterized by yellow or white papules, nodules 
and plaques which fecI firm and gritty when 
palpated. Calcinosis cUlis should be considered 
indicative of hyperadrenocorticism until p roven 
otherwise. 

Intense hyperpigmentation of the alopecic areas 
is most commonly seen in dogs with sC'a5onal 
fla nk alopecia and adrenal sex hormone imbal
ances/growlh ho rmone-responsive dermatosis 
(fable 24.2). A lightening of the con colour 
(leucotrichia) is not uncommon in dogs with 
hyperadrenocorticism. Changes in coat colour 
and coat quality are also seen in many of the fol 
licular dysplasias. The presence of miniaturized 
(,vellus ') hairs is a key featu re in acquired pattern 
alopecia (pattern baldness, Table 24.3). a rare 
d isease usually seen in dachshunds. which 
presents with symmetrical, non-inflammatory 
alopecia of the pinnae and/or the ventrum. 

Symmetrical alopecia o r hypotrichosis is a 
common presentation in cats (Table 204.4). 
Areas commonly affected include the ventral 
abdomen, medial thighs, dorsolateral thorax o r 
medial aspect of both forelegs. Owners fre 
quently report excessive grooming to a degree 
sufficient to cause the alopecia. However, some 
cats groom secretly and the history might, 
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Tl b1124.4 Diseases of cats wllicll may present wilh symmetrical alopecia 

Dl'elSi Pathophysiology 

Aea allergy dermatitis TraumatiC. Hypersensilivlty 
response to flea sativa 

Dietary senSltMly TraumatiC. HypersensitiVIty 
response or intolerance 10 
food or food addilive 

Atopy Traumatic. HypersensitMty 
respOrlse 10 environmental 
allergens 

Tel~ delluldon Synchronous cessallon 01 
(telOgerl eHll1Vium) al\3gen, 101lOwed by shedding 

and regrowth 

Anagen denUioon Sudden tranSient interruption 
ot cell prolileration irl hair 
matnx 

DemodiCosis tnflammatlon targeting 
follicles In/ested by demodlcld 
mites 

Dermatopllytosis Inflammation targeting follicles 
in fected by dermalophytes 

Hyperadrenocorticism Atrophic alopecia 

Hyperthyroidism Traumatic. Excessive grooming 

Diabetes mellitus Unclear. Protein catabolism 
and hair growth cycle arrest? 

Hereditary hypotflchosls Not weU·defill8d 

PsychOQenic alopecia Traumatic. Psychosis? 

Inleflded only as a gUide; not comprehens/v>e. 

incorrectly, suggest :t f:titure of h:lir growth. 
Examination of the dist:tl end of the hair shafts 
for evidence of self-trauma is most helpful in 
determining the true mechanism in such cases 
(sec under hair plucks). Prurirus :tssociated 
with hypersensitivity disorders, especially fle:t 
allergy, is the commonest cause of symmetrical 
alopeci:t in cats. Remark:tbly, there m:ty be no 
additional gross signs of inflammatory skin dis
ease. Psychogenic alopecia may present in a 
similar manner but such cases should ha\'e 
exhaun ive investig:l tions to exclude pruritic 

Additional signs Diagnostic mit hods 

Nil other than alopecia and EVidence of fleas , response 
pruntus (not always reported to therapy, Intradermal test 
by owner) or papules, crusts 
or eosinophilic plaques 

As,,,,, Response to dietary reslnction 
plus relapsa on rltCtJalienge 

As above Climcal signs, exClude other 
diHerenlials, intradermal lests 

Often nil. Previous systemic Rapid spontaneous resolution. 
disease or phySiOlogical Stresslul event 1-3 months 
stress before 

Severe systemIC disease or Plucked hailS show 
cytotoxiC drug therapy? Irregularities and dysplastic 

changes 

Comedones, scales, Skin scrapings, biopsy (rare in 
follicular casts, pyoderma cats) 

Papules. scales, crusts, Microscopy, Wood's lamp, 
epidermal collarenes culture, biopsy 

Fragile Skin. polyuna, Blood and urine analySeS. ACTH 
polyphagia, enlarged stimulation test 
abdomen 

Variable. Weight loss, Basal thyrOXine concentration 
hyperactMty, polyphagia, 
polyuria, tachycard ia 

Variable. Polyuria, polyphaola. Ptrslsttnt tastmg hyperllly· 
weight loss caemla and glycosuria 

Otllerwise healthy Siamese and Devon rex. Exctude 
other causes 

OlhelWise llealthy Exclude a//olher posSible 

""" 

diseases. Hair regrowth following glucocor
ticoid therapy suggests that an inflammatory dis
ease is more likel y than a psychogenic disorder. 

I INITIAL DIAGNDSTIC PLAN 

The hislOrical and clinical features should enable 
the clinician to propose a list of differential diag
noses in order of priority, A diagnostic plan can 
then be discussed with thc client and pursued in 
:tccordance with their wishes. Laboratory tests are 



, 

required for the definitive d iagnosis of most C;lSes 

of alopecia. 

I LABORATORY INVESTIGATION 

• Ski n scrapi ngs 

The microscopic t'xamination of skin scrapings 
for ('vidence of cCloparasil ism is warnntcd in all 
cases of alopecia in the dog and Cat. Fung;!.] spores 
and hyphae may be found in skin scrapings from 
dogs and c:us with dermatophytosis. 

• Hair plucks 

In dogs, d ystrophic diseases :md melanoe)'tic dis
orders arc often characteriz.ed by the production 
of hairs with Slfuctur.al ahnormalities which can be 
detected on mic roseopy; for example, large melanin 
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dumps with h;air shaft distonion 3nd fracture may 
be seen in colour dilution alopecia and black hair 
folli cular dysplasia. Altern:nivdy, the pres"ncr of 
large numbers of easily cpilatcd. 'club' hairs sug
gests arrest of the hair growth cycle in the Iclogen 
ph3.Se, as seen in endocrine diseases, 

I n cats, thC' microscopic examination of the dis
ul ends of plucked hairs aids in the differentiation 
of traumatic alopecia and alopecia associated with 
disturbances of hair growth, In traumatic alope
cia, the end of the hair has a ragged or chewed 
appearancC', whereas pointcd ends are observed in 
disturbances of hair growth, Fungal spores and 
hyphae may be obscrved in hairs plucked from 
dogs and cats with dermatophytosis, 

• Skin biopsies 

Skin biopsy is required fo r the diagnosis of follic
ular dystrophies and matrix cell/ melanocyte 

Table 24,S Examples 01 diseases 01 the dog and cat which may present with local alopecia 

Dluall! 

Pyoderma 

DermatlJphytosis 

OemodlCosis 

PBIodera dermatiUs 

Scabies 

Rea allergy dermatitiS 

AtlJpy 

Oietary sensitivity 

Alopecia areata 

Pemphigus 10liacmJs 

Pathophysiology 

in!1ammalion targetmg follicles 
infected by bacteria (rare in cats) 

Inttammation targeting 101liCies 
inlected tIy dermatophytes 

Inflammation targeting foUiC~s 
Infested by demodicid mites 
(rare in cats) 

InnammaUon targeting 
folliCles Intested by nematodes 
(rare) 

TraumatIC. Hypersensltivlty 
response to mite allergens 

Traumatic. HypersenSitivity 
response to flea saliva 

Traumallc. HypersenSitiVity 
response to envlIonmental 
allergens 

T raumallc. HypersensltlVity 
response or intolerance to 
food or food additive 

Immune assault on inferior 
portion of hail follicle (rare) 

Addilfonalligns 

Papules, pustukls, crusts, 
epidermal eollareues 

Papules, scales, trusts, 
epidermal collarettes 

Diagnostic methods 

CytOlogy, cultures, biopsy, 
response to treatment 

Microscopy, Wood's tamp, 
culture, biopsy 

Comedones, scales, fOllicular Skin scrapings, biopsy 
casts, pyoderma 

Erythema, papules, scales, 
crusts 

Scales, crusts, erythematous 
papules, mar1ced pruritus 

PapuleS, erythema, crusts 
or alopecia alone 

Recovery 01 nematodes on skm 
smpings and biopsies 

Skin scrapings, response to 
tnerapy 

Evidence of fleas, response to 
Illerapy, intradermal skin lest 

Erythema, hyperplgmentation, Clinical signs, exclude other 
lichenification, pyoderma dlHerentials, Intradenml or 
or yeast infectIOn serologicat lests 

Erythema, hyperplgmentaUon, Response to dietary restrtction 
liChenification, pyoderma or plus relapse on rechallenoe 
y!asl inJection 

WeJl-demarcated alopecl3 
withoiJt otller signs 

Biopsy 

Autoimmune drsease directed Pustules, focal Clusts Biopsy 
agalrtSt desmosomes in epldennis 
Reduced keratlnocyte 
cohesion (rare) 
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abnormali ties. They afC OI lso helpful in many of 
the scarring disorders associated with folli cular 
inflammatio n although the diagnosis can ofl(~n be 
confirmed by other means in such cases (T ;tble 
24.5). As a gcncr.tl rule in cases of diffuse. nOI1-

infl amm;twfY alopecia, multiple biopsy speci
mens should be obtained from the most alopecic 
areas; samples from marginal areas may be con
fusin g because growing hairs may still be present. 
Primary lesions such :1.5 pustules and papules 
should be biopsied if inflammltory diseases arc 
suspected. Few of the atrophic diseases can be 
diagnosro defin itively by hiswpathological cxarn
in:uion o f skin alone; other clinical o r laboratory 
data arc usually required. The histopathological 
ch:mges in hair follicle d iseases can be subtle and it 
is preferable to submit biopsy specimens to a 
veterinary pathologist with a special interest in 
skin disease. 

I Ha,malology . blood bioch,mislry and 
urinalysis 

Blood for haem:ltology and biochemistry, and 
urine samples should be obtained for routine 
analyses in dogs and cats suspected of having 
endocrine or systemic diseases. The labo ratory 
findin gs may support a diagnosis of a panieular 
endocrine disease, and specific hormo ne assays 
can then be performed as indicated. For example, 
hypothyroid dogs may have a normocytic, 
normochromic, non-regenerative anaemia and 
hypercholesterolacmia, whereas dogs with 
hyperadrenoconicism often show lymphopenia, 
eosinopenia, and increased plasma concentrations 
of alkaline phosphatase and cholesterol. In gen
eral, dy namic tests of endocri ne fun ction arc pre
ferred because basal hormone concentrations may 
f1u ctu;u e widely in response to both physiological 
and p:nhologic:al factors. 

Tests designed to assess thyroid and pituitaryl 
adrenal function :lITe described in C hapter 39. 
Thyro id :tnd pitui taryl:ldrenal function should 
also be routinely asse5Sed in dogs that have 
:ltrophic follicular diseases witho ut other histo ri
C21, clinical :lnd labof:ltory features of endocrine 
diseases because the mo re typical features o f 
hypothyroidism and hyperadrenocorticism do 
not occur in all cases. Ba.sal oestrad iol concentra
tions arc elevated in some dogs with hyperoestro
genism associated with testicular neoplasia. 

A protocol for the assessment of adrenal hor
mo nes before and after adrenoconicolrophin hor
mone (ACTH) stimulation h:lS been described fo r 

usc in d ogs suspected o f having adrenal sex 
honnone imbalances (fable 24.2) o nce hypo
thyroidism and hyperadrenocorticism have ~en 
excluded by specific tests (Schmeitzel el aL, 1995). 
The pathogenesis o f th is disorder is poorly under
stood. It has been hypothesized that an abnorm:tl
ity of adrenal steroid synthesis related to a panial 
deficiency of an enzyme, 21-hyd roxylase. might 
explain the elevated progesterone and androgen 
concentrations o bserved before and/ or after 
ACTH stimulation in these dogs. Normal values 
for 17-hydroxyprogesterone before and after 
ACTH stimulation have been established by a 
U K based laboratory. In the USA, a wider array 
of hormones can be evaluatro but this is . 
expensIve. 

I THERAPEUTIC PLAN 

Specific therapy is available for many of the 
endocrine diseases of dogs and cats. In general, the 
treatment of dogs and cats with symmetrical 
alopecia by hormonal supplementation, without a 
specific indicatio n based on laboratory testing, is 
to be discouraged. The therapy for hypothy
roidism and hyperadrenoconicism is described 
elsewhere (Chapter 39). Only palliative therapy is 
available for dogs with folli cular d ystro phies and 
matrix cdllmdanocyte abnormalities. 

Dogs with adrenal sex hormo ne imbalances 
may respond to castration, methyltestosterone, 
Iysod ren or growth hormo ne. Castration o f the 
intact male dog may be the firs t treatment of 
cho ice. Lysodren rna)' also be efftt ti\'e; an initial 
dose o f 15-15 mg kg- ' dai ly fo r 5 days is followed 
by maintenance doses o f 15-15 mg kg-' every 
7-14 days. These dogs should be carefully moni
to red for signs of hypoconisolaemia. hyper
kalaemia and hyponatraemia, panicularly during 
initi:tl therapy. Hair regrowth is often evident 
within 4- 11 weeks. Although some dogs respond 
favourably to growth ho rmo ne supplementation, 
this hormone is potemially diabetogenic and is 
difficult to obtain. Therapy is not currently avail 
able for seasonal fl ank alopecia; however. it has 
been repo n ed that the p redicted episodes of 
alopecia may be prevented by melato nin supple
mentation. There is no rationale for supplement
ation with thyroid. reproductive and growth 
hormo nes in seasonal fl ank alopttia. 

Inflammatory d iseases associated with follicu
lar infections and ectoparasitie infestations 
should be trcatro with appropriate anti microbial 
and antiparasitic agents. Staphylococcus inter-
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mrdiul, the m05t common c:mse of c:tnine 
pyoderm:t, is often susceptible to antibiotics 
such u potentialf:d sulphonamides, lincomycin 
or cephalain. Systemic antifungal therapy with 
griseofulvin is gener.a.lly indicated in dogs and 
cats with dermatophytosis. Adjunctive topical 
thrrapy is useful in reducing environmcnul 
contamination and the risk of transmission. 
Traumatic :tlopecia is best treated by identifica
tion and correction of the underlying cause; the 
reader is referred to Chapter 25 for an account 
of the approach to such cases. 
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Pruritus 
R.Bond 

I INTROOUCTION 

Pruritus, an unpleasant itching sensation which pro
vokes the dC$irc to scratch, lick or chew, is a common 
complaint in small animal mooicine. The pathophys
iotogyaf prurituS is poorly understood but is thought 
10 renee! stimulation of unmyelinated nerve endings 
by chemica.! mooi:lIOrs such as histamine, endopcp
tidascs, substance P and leukotricnes. Pruritic skin 
distases arc a common source of client frustration and 
dissarisf;lCtion, and uncontrolled pruritus also pre
sents a significant welfare problem. Most pruritic skin 
diseases C;tn be succcsfully treated and controlled or 
cured, provided a structured approach is adopt~-d. 
Althoughthcrcisoftcnatcmptationtoprovidcsymp
tomatic relief of pruritus with glucocorticoids, this 
3ppro:tch is seldom satisfactory in the longer tcnn, 
and it is contraindicated in some diseases. The clini
cian should always attempt to esublish a definitive 
diagnosis. so that subsequent management and treat
ment can be optimized. If a diagnosis cannot be 
obuincd, then symptomatic therapy should be care
fully adjusted [Q maximize benfits forthe-patient while 
minimizing the potential for adverse side effects. 

The purpose of this chapter is to provide a 
frame-work for the investig:nion and management 
of pru ritic skin diseases in dogs and ColIS. 

Obtaining a detailed history and pe-rforming a 
careful clinical examination are pivol1l1 to the 
approach. Laboratory examinations for ectopara
sites should be performed in the majority of case-s, 
and additional investigati\'c procedures are often 
required to achie\'e a definitive diagnosis. 

I INVESTIGATION OF PRURITUS 

I§~ I HISTORY CHECKLIST 

A general medical history should be obtained in 
all animals with skin disease. Signs of ill-health 
relating to other organ systems may be present in 

some systemic diseases with cutaneous manifes ta
tions. or there may be an unrelated disorder 
which requires investigation and therapy. Breed 
predilections for pru ritic diseases can assist the 
clinician in priori ti zing differential diagnoses but 
they should not prevent a consideTlltion of other 
differential diagnoses. Breeds predisposed to 
atopic disease include small terriers, retrievers, 
Shar peis, boxers, German shepherd dogs and 
English setters. Basset hounds, Cocker spanids 
and West H ighland white terriers arc predisposed 
to MalaslC'zia dermatitis. The fo llowing historical 
points should be addressed. 

o Age 01 onset? 
The age predilections for pruritic diseases can be 
helpful. For example, pruritus in young puppies 
or kittens is most likely to be associated with 
ectopansitic infestation with fl eas, SarooptC'J 
Jcabiei, Cheylcrirlla spp. or OLOdcc/Cs cynotis. 
H ypersensitiviry disorders usually develop in 
young to middle-aged animals; the typical age of 
onse[ of canine atopy is 6 months to 3 years, with 
a range of up to 7 years. Thus, pruritus in an aged 
animal, previously free of skin disease, is more 
likely to reflect an infection or ectoparasitie infes
tation rather than atopic disease. C utaneous lym
phoma is a rare cause of pruritus in older animals. 

o Development and progression 01 the disease? 
Pruritus may manifest as scratching, licking, chew
ing, rubbing or rolling. Therefore, simply asking 
owners whether their animal scratches is not suf
ficient ; some dogs and cats with extreme pruritus 
may chew constantly without scratching. It is use
ful to determine the owner's impression of the 
severity of the pruritus. Canine scabies is among 
the mosl pruritic diseases cncoumered, whereas 
pruritus associated with demodieosis may be mild. 
The comments of observant owners or an exami
nation of detailed case records should allow the 
clinician to evaluate any progression of the disease. 
The sudden development of intense pruritus in an 

AV!(lro;;l(o· as PIli) gradivo 



animal previously free of skin disease suggests an 
acquired infestation o r infection; in contrast, aller
gic diseases may hlve a more gradu3.1 onset. 

With hypersensitivity disorders such as atopic 
disease, the first sign noted by the owner is o ften 
pruritus with no or few skin lesions. In contrast, 
pruritus associated with canine pyoderma often 
develops after the :\ppe:\r:mce o f primary lesions 
such as papules and pustules. Thus, enquiring 
whether the pltient h:\s a 'rash that itches' o r an 
'itch that rashes' can assist in determining whether 
any eruptive lesions represent a primary or sec
ondary problem. 

Some diseases have characteristic region;tl dis
tributions, panicularly during the e;trly stages. For 
example, flea allergy derm;nitis in dogs primarily 
affects the c3.ud3.1 regions of the trunk, especially 
the dorsolumbar area. In contrast, canine atopic 
d isease is often characterized by pruritUS of the 
face, ears, distal limbs andlor ventrum. With SC3.
bies, the lesions often initi3.lly involve the ears, 
elbows, hocks o r ventral thora. Canine su per
ficial pyoderma most often affects the ventral 
abdom.:n, m.:di3.! thighs or dorsal trunk. 

PrurituS in C3.ts may manifest as excessiv.: 
grooming which results in symmetrical tn.umatic 
alopecia. In sonle cases, the cats do this secreliy 
and th.: owners 2re not aware that the cat is 
removing th.: hair; microscopical examination of 
the hair shafts can help determine whether the 
hair is falling OUt or being removed (sec later 
under hair plucks). 

o Lllestyle? 
Animals with free or r.:gular access to outdoor 
environments arc at greater risk from infections, 
ectoparasitic infestations, and hypersensitivity 
associated with pollen allergens than 3.Ilimals COIl

fined to the home. Recent visits to shows, groom
ing parlours and training classes may be o f 
significanc.: if a transmissible d isease is suspected. 
There may be a history of contact with foxes in 
cases of canine scabi.:s. and wild rod.:nts are a 
potential source of dermatophytes for hunting 
dogs such as J:aek Russell terriers. 

1:1 SlIlonlllty? 
Seasonal pruritus is most often associated with 
fl ea allergy dermatitis, atopy caused by pollen 
al lergens, h3.rvest mite (Neotrombicula autum
nalis) inf.:stations or, less commonly, contact der
matitis associ:\ted with outdoor plants. In the UK. 
harvest mites are usually a problem fro m July to 
Sept.:mber, whereas clinical signs associ3.ted with 
ue.: and grass poll.:ns may be observed during the 
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spring or early summer. A history of previously 
s.:asonal pruritus which has btcome perennial is 
suggestive of progressiv.: atopic disease; some 
dogs with pollen allergi.:s eventually develop sen
sitivity to indoor allerg.:ns such as housedust 

• 
miles. 

o Evidence 01 tranlmlsslon or conlaillon? 
A history of contagion to other animals strongly 
suggests ectoparasitism (with the exception of 
denlodicosis) o r dermatophytosis. Zoonotic skin 
disease is commonly seen with fl eas, cheyletiel
losis, scabies and d.:rmatophytosis, and rarely 
with OtOdf!('Uf cynolis, fel ine poxvirus and 
sporotrichosis. 

1:1 Treatments used and relponse? 
A list of all treuments given in each case should be 
made. Rec.:nt tr.:atm.:nts may influ.:nc.: clinical 
signs and l:\boratory test r.:su lts, and in some 
cases, pruritus may reflect an adverse r.:action to a 
treatment. The response to treatment with c.:nain 
agents with specific .:Hects can be helpful. Fo r 
example, response to antibacterial therapy sug
gests that pyoderma is involved. Response, or lack 
o f response, to properly administered antipara
sitic therap}' may suggest, or refute. a diagnosis of 
ectoparasitism. Response to glucocorticoid ther
apy is less helpful because many different types of 
inflammatory skin disease will improve. The pru
ritus associated with hypersensitivity disorders 
such as atopic disease, when uncomplicat.:d by 
concurr.:nt microbial infection, is usually readily 
controlled with glucoconicoids whereas the 
respo nse in cas.:s of dietary s.:nsitivity is mo re 
variable. Glucocorticoid treatment is less often 
helpful in treating pruritus associated with 
sC3.bies, demodicosis or dermatophytosis, and it 
may exacerbate clinical signs in the latter twO diseases. 

I\VI PHYSICAL EXAMINATION 

A general physical examination should be accom
panied by a dose inspection of th.: entire skin 
surface. The mature and distribution of any ski n 
lesions are of vital importanc.: in determining 
the aetiology of the disease. When considered 
together with the historical featur.:s, the clinical 
signs in each case should allow the clinician to 
propose either a tentative diagnosis or a list of 
differential d iagnoses. Laboratory tests or treat
ments can then b.: selected. It is b.:yo nd th.: scope 
of this ch3.pt.:r to provide a detailed description of 
the clinical signs associated with each inf1amma-
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tory skin disease of dogs and cats; the reader is 
referred to other chapters in this text for further 
details. Tables 25.1 - 25.3 summarize the types of 
lesions and their distribution in common pruritic 
diseases of dogs and cats. 

h is not uncommon for pruritic animals, espe
cially dogs, to have more than one factor con
tributing to the pruritus. The concepts of allergic 
threshold and summation aTe important in the 
management of pruritus. Microbial infutions 
such as pyoderma or MalanezUt derm:ltitis fre
quently occur in ;association with parasitic, aller
gic, endocrine or keratinization disorders in dogs. 
Some dogs and calS with hypersensitivity disor
ders have multiple allergies; for example, ato pic 
patients may have concurrent flea allergy or 
dietary sensitivity. Sequential treatment ;and 
removal of the contributing factors arc required 
for diagnosis and management. In some animals 
with multiple contributing factors. successful 
treatment of one factor may reduce the level of 
pruritus below a threshold level such that the 
other disorders become asymptomatic. 

Pruritic cats may present with one or more types 
of cutaneous reaction pattern. 'Miliary dermatitis' 
is charaClcrizcd by a red- brown papulocrustuous 

eruption. Although most cases reflect fl ea allergy, 
other ectoparasitic and hypersensitivity disorders 
may be responsible. Eosinophilic plaques arc 
highly pruritic, moist. glistening, well-demarcated 
lesions which usually occur o n the abdomen or 
medial thighs. They arc usually a manifestation of 
hypersensitivity and sometimes occur in associa
lion with miliary dermatitis. Symmetrical, trau
matic alopecia on either the dorsum, ventrum or 
limbs is another common manifestation of allergic 
skin disease in the cat. Fo r so me years these cats 
were supected of having endocrine disease because 
prurilUs was no t always observed and the alopecic 
skin did not look inflamed. 

I INITIAL DIAGNOSTIC PLAN 

The historical and clinical fcatures should enable 
the clinician to propose either a tentative diagno
sis o r a list of differential diagnoses, and to select 
appropriate laboratory procedures and treat
menu. It is important to discuss with the owner 
,he options for therapy ;and investigation, and lhe 
likely course of the disease. Fo r example, hyper
sensitivity disorders arc seldom cured but may be 

Table 25.1 Types 01 skin lesions and their signifiCance in dogs with prunllc skin disease 

lesion type 

Erythema ... traumatic alopecia 

Erythema t ",easy exudation 

Erythema + marked scale 
lormal/Oll :I: alopecia 

Papules 

Puslules 

Comedones :t lollicular casts 

Focal crusts 

Pathophysiology 

VasoditaratiOn/lnHammatloll 

Inllammatlon + I/\Creased acliviry 01 
skin glands 

Inflammation plus accelerated 
epldermopolesls orlnfi!\ration With 
neoplastic lymphocytes 

Accumulation ollnHammatory cells 
In dermis/epidermis 

Accumulation of Inflammatory cells 
(esp. neutrophils) In epidermis-1lermis 

Accumulation 01 keratinous debriS in 
fOllicular InlundlbtJlum ... hall growth 
cycle arrest 

Dried eKudate on skin surface; 
cellular exocytosis 

Printlplt dmer!ntial diagnGses 

Hypefsensltivity diseases 
Irntant contact dermalllis 
Ectoparasitlsm 

Pyoderma 
Ma/IJsseJid dermatitiS 

Ectoparasitism 
DermatophytoSIS 
Pyoderma, Malassezia dermatlllS 
CutarlllOus lymphoma 

Hypersensitivity diseases 
Pyoderma 
Irritant cnntact dermatitIS 

Pyoderma 
Pemphigus fOltaceus 
Orug erupUons, stenle pustular diseases 

OemodicO$ls 
Keratinization defects 
Endocnnopaltlles 

Scabies and other parasites 
Pyoderma, dermatopl!ytosls 
Pemphigus foliaceus 
Drug eruptions, sterile pustular dlsaases 
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l l bll ZS.Z lypes 01 skin lesions and their significance in cats with pruritic skin disease 

lesion type 

Traumatic alopecia 

Crusted papules ('miliary dermatitis') 

Erythema .. marked scale 
formation :; alopecta 

Focal yellowlWhite crust 
(d . redd ish crusted papules 
in mmary dermatitis) 

Eosinophilic plaque 

Palhophvslology 

Pnmlus orpsychOQenie 

Accumulation 01 inflammatory 
celts In dermlSfepidermiS; cellular 
exocytosls 

Inllammation plus accelerated 
epidermopoiesls or Inilitration 
wi th neoplastic lymphocytes 

Dlied exudate on skin surface: 
cellular exocytosis 

SeIHrauma. undertymg 
hypersensitiVity 

Principal dltterenllal dlagnos:es 

Hypersensitivity diseases 
Ectoparasltism 
Psychogenic disorder 

HypersensitMly diseases 
Ectoparasitism 
Dermatophytosis (uncommon) 
Bacterial folliculitis (rare) 

Ectoparasilism 
Dermatophytosis 
HypersensitMty diseases 
Cutaneous lymphoma 

Dermatophytosis 
Pemphigus loliacetls 
EctoparasitlSm 
Baclertal loillcuhtis (rare) 

HypersensitiVity diseases 
Idiopathic, neoplasia 

l l bl , 25.3 DIStribution patterns for pruritic skin diseases 

Rell ion .heeled 

F." 

"" 
MuZZle 

Venlral abdomen 

Dorsal trunk 

Principal dltterenllal diagnoses 

AtOpy. dietary sensitiVity, contaC1 dermatitis demo(hcosis, 
tromiculldiasis. hookworm dermatitis, deep pyoderma, Malassezia 
dermallils 

Atopy. dlltary sensitIVIty, cootact dermatitis, scabIeS, 
tromiculidiasis, Otodectes infestatlOfl 

Atopy, dietary sensitIVIty, contact dermatitiS, Mdlassena dermatitis 

Atopy, dietary sensitivity, contact dermatitis, superficial pyoderma, 
Malassezia demtatltls, flea allergy dermatitiS 

Aea allergy dermatitis, cheyleliellosLS, pediculOSiS, superfiCial 
pyoderma 

controlled. Microbi3.1 infections may bc treated 
successfully but often rci3.pse if 3.n underlying 
cause cannot be identified 3.nd corrccled, Sccuring 
the client's coopcr3.tion and understanding is crit
ical 10 the successful m:magcmcnt of pruritic skin 
di~:;tSe in dogs 3.nd cau. 

examinations should be routinely performed. 
Failure 10 pcrform these basic procedures 3.1 3.n 
early stage during the investigation of dermato 
logical disease can lead to an incorrect diagnosis 
and inappropriate ther..py, sometimes with seri
ous consequences for the welfare of the patient, 
Additional tests, listed below, m3.Y also be W3.r
rantcd depending on the clinical prcsentation. I lABORATORY ANO OTHER 

DIAGNOSTIC TESTS 

Laboratory tesu arc o ften rcquired in the invcni
gation of pruritic skin disc:lSes. Simple, inexpen
sive: and potentially very rewarding tests such as 
skin scnpings, C03. t brushings and cytological 

I Skin scrapings , hal, plucks and coal 
b,ushlngs 

Skin scr3.pings should be obtained from every 
dermatolob'Y case unless the clinician is certain 
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that the lesions could nOl be caused by a par:uite 
(which is not very often in this author's experi
ence). Skin scrap ing is primarily ut ilized in the 
diagnosis of eetoparnsilism but e,m also be useful 
in the diagnosis of dermatophytosis. All dogs and 
cats with inflammatory skin disease, scaling and! 
or alopecia should be scrnped. Identification of a 
single parasite or egg allows a diagnosis of infesta
tions such as chcyletiellosis or scabies. However, 
failure to demonstrate Sarcopuf Jcabiei miles or 
eggs docs not exclude a diagnosis of canine 
scabies, and trial therapy is always indicated 
whenever scabies is suspected. I n most cases of 
demodicosis, numerous mites in all stages of 
development will be readily identified. However, 
skin biopsy is sometimes required to demonstrate 
mites, especially in pedal lesions and areas of 
thickened skin. 

The observation of anhrosporcs on, or hyphae 
within, hair shafts and corncO<.:ytes provides con
vincing evidence of dermatophytosis. Abnormal 
h;tirs should be examined using the x 40 objective 
for evidence of invasion by hyphae. Fungal cle
ments can be difficult to \·isualize and may not be 
found e\'en when examined by experienced 
mycologists, and other investigative techniques 
including culture and Wood 's lamp examin;ttion 
should be routinely employed when dermato
phytosis is suspected but fungi are not found in 

• scraplOgs. 
Scales and debris collected by brushing the coat 

o\'er a table ,an be mounted in liquid par.lffin for 
microscopic examination; this method is useful 
for the diagnosis of cheyletiellosis. Brushings can 
also be spread on moistened ..... hite tissue paper for 
e\'idence of fl ea h eces; a red-brown stain on the 
tissue paper differentiates flea faeces from other 
particulate debris. 

Examination of hair plucks may demonstrate 
the eggs of lice or Chryfetie/Ja spp. attached to 
hair shafts. and Demodex spp. lying :\round the 
proximlol por1ions of the hair. In utS with alope
cia, examination of the distal ends of hai rs can aid 
in the differentiation of traumatic alopecia from 
disorders of hair growth. With traumatic alopecia, 
the hloir has a r.lgged, che ..... ed end whereas with 
disorders of hair growth, a normal, pointed end to 
the hair shaft is observed. 

• Cytotoglcal examlnallon 

Cytological examinations arc principally used to 
dcmonstrate superficial microbes such as bacteria 
and MafaHezia pllchydermatis. Pustule contents 

C:ln be smeared OntO a glass slide. stained using a 
rapid stain such as Diff-Quik, and examined using 
the oil immersion (x 100) microscope objective. 
With pyoderma, neutrophils (ohen degcner.lte) 
arc the domin;!.nt cel l type, and intracellular and 
extracellular bacteria (usually cocci) Illay be 
obsen'ed. In pemphigus foliaccus, large numbers 
of aC:lntholytic (roundt-d, nucleated) epithelial 
cells can often be seen among 'helolthy' neull'o
phils. The presence of numerous bacteria in pus
tule contents should prompt antibacterial 
therapy, whereas biopsies shou ld be performed in 
dogs and cats suspected of having pemphigus foli 
aceus or other sterile pustular diseases. 

Populations of the yeast, M. pachydermatis, can 
be rnpidly assessed by clipping the hai r and apply
ing a strip of clear adhesive tape onto the affected 
skin. This is removed, stained using Diff-Quik 
and examined using the oil immersion (x 100) 
microscopc objcrtive. Numerous squames should 
be readily identified. M. pachydermatis is a 
monopolar-budding yeast with a characteristic 
' peanut' or 'bottle-shaped' morphology. The dis
tinction between nomlal .lnd :\bnormal popula
tions is rather arbitrary bUI it is difficult to find 
more than JUSt an occasional ye:lst cell in speci
mens from healthy skin. Populations should be 
considered increast-d when the yeast is readily 
found in se\'eral fields. If the clinical signs ;ue con
sistent with 'Mafmsezia dermatitis', then trial 
therapy is indicated to determine the significance 
of the yeast. In some casts, larsc numbers of bat
teria arc found, either alone or in association with 
the yeast, and antibacterial therapy shou ld be 
given in these circumstances. 

• Microbial cullur •• 

The principal bacteri;!.1 pathogen of c:mine skin, 
Staphylococcus intermedius. is often isolated from 
healthy dogs. Profuse growth from a swab speci
men implies that it is present in large numbers 
and antibacterial therapy may be warranted. 
Empi rical selection of ami-staphylococcal anti
bacterial agents is acceptable in superficial 
pyoderma but culture and scnsitivity is justifit-d in 
rcl.lpsing C.lses or in deep pyoderma. 

Cult ures should be performed in dogs and cats 
suspected of having dermatophytosis. Although 
dcrmatophytes can be cultured in practice labora
tories, dermatophyte isolation and identification 
is a skilled process best performed in specialist 
mycology laboratories. Quantitative cul tures of 
M. pllchydermatis usi ng contact plates, small agar 
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dishes which can be applied directly onto lesional 
skin, arc a useful adjunct to cytology in determin
ing whether trial antifung:tl therapy is indicated. 

I I.tradermal and serological tests for 
hypersensilivity disorders 

These tests arc used in dogs and cats suspected of 
having :ttopic disease or flea allergy dermatitis. 
Intradermal tests, wherein a pancl of pollen and 
indoor allergens are injeClC~d into the skin on the 
flank, detect reaginic (mainly IgE) antibodies 
bound to dermal mast cells. Serological tests are 
designed to detect increased levds of allergen
specific IgE or IgGd in the serum. In Europe, most 
dogs diagnosed as :ttopic have 'positive' reactions 
to housedu5I mites when tested with either 
method. Po llen reactions occur less frequently. 
Ho wever, it is important to note that healthy dogs 
also frequently show positive rc:tctions with both 
of these tests, most commonly to housedust 
mites; this is especially a problem with the sero-
10gicalte5ts. Therefore, intradermal and serologi 
cal tests are of very limited value in diagnosis. The 
diagnosis o f atopy sho uld be based primarily on 
historical and clinical features, and a positive sero
logical o r intradermal test is merely supportive. 
The principal role of these tests is in the selection 
of allergens for subsequent immunotherapy 
(hyposensitization); therefore, these tests are 
arguably not justified unless the owner wishes to 
pursue this form of therapy. 

• Elimination diets 

The currently available intradermal and serologi
cal tests are o f no value in the diagnosis of dietary 
sensitivity ('food allergy') in dogs and cats. 
C urrently, feeding an elimination diet foJ1owed 
by provocative exposure is the only reliable way 
to establish this diagnosis. Unfo rtunately, this is a 
difficult procedure which requires a dedicated 
owner. A home-cooked diet comprising a novel 
single protein source, such as turkey, rabbit or 
fish, should be fed to the absolute exclusion of all 
else for a period of at least 4-6 weeks, or possibly 
longer. A carbohydrate source such as potato or 
rice should also be given. If a response is seen, the 
original diet should be fed again to confirm that 
the dietary change is responsible for the improve
ment. Home-cooked diets are considered (Q be 
nutritionally incomplete, especially with regard to 
calcium, thiamin, iron and in cats, taurine, and arc 
therefore not suitable fo r long-term management. 
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Commercially prepared 'hypoallergenic' d iets can 
also be used for diagnosis but it is preferable to 
reserve these for the management o f proven cases 
because they contain a wider range of nutrients 
and additives than ho me-prepared diets. 

• Skin biopsy 

Skin biopsies are indicated whenever an au to
immune o r immune-mediated disease, cutaneous 
neoplasia o r a ker.ttinization defect is suspec t ed~ 
recognition of characteristic histopathological 
feJ.tures is usually required to confi rm these d iag
noses. This technique may aid the diagnosis of 
pyoderma and cutaneous fungal infections, 
although these disorders can often be recognized 
by clinical signs, cytology and culture results. 
Biopsies are often much less helpful for diagnos
ing parasitic and hypersensitivity disorders, with 
the e)(ception of demodicosis where the pa rasites 
:lre o ften readily o bserved within hair follicles. In 
other types of e<:toparasitism, it is unusual to 
observe the miles within biopsy specimens. 
Unfortunately, pathognomonic histopathological 
feat ures o f each of the various types of hypersen
sitivity disorder (atopy, food, contact, flea ) have 
not been recognized. Although a skilled p:lthol 
ogist may be able 10 suggest which type of hyper
sensitivity is most likel)', it is ultimatcly the 
clinician's respo nsibility to diffe rentiate these::. 
Thus. skin biopsies are often of limited value in 
the investigation of suspect allergic cases, 
although they may enable the clinician to exclude 
other differential diagnoses . 

I FORMULATING A THERAPEUTIC PLAN 

Parasitic disorders arc among the commonest 
pruritic skin diseases and exclusion by laboratory 
tests and response to trial parasiticidal therapy 
early in the course of the investigation is desirable. 
It is import:lnt to treat the environment and in+ 
contact animals when adopting the trial therapy 
approach. Trial antimicrobial therapy is indicated 
whenever the clinical signs and cytological or cul
tural investigations suggest that bacterial infection 
or Malassczia dermatitis is likely. Many clinicians 
ro utinely give antibacterial therapy in conjunc
tion with glucocorticoids but, in general. this is 
to be discouraged. Antimicrobial therapy alone 
often has tremendous antipru ritic effects, and 
more inform:ttion is gained when only the anti
microbial agent is given. Examining a pruritic dog 
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with:t pyoderma :ther 14--2 1 d:tys o f :mtibac(~ri ;/,l 
therapy allows the di nician to determine whether 
the pyoderma :md pru ri tus h:ts resolved. If the 
i nf~ction has resolved but the pruritus persists, 
then the dog should be eval u:u ed fo r ectopuasitic 
and hypersensitivi ty disorders. Pyoderma may 
occur in associ:uion with non- or mild ly pruritic 
diseases such as endocrinopathies or p rimary ker
ati nization defects. A similar arproach is required 
to determ ine the impo rt<lnce 0 M. plIChydemlaris; 
response to topical o r systcmic anti)'east ther-apy 
coupled with a reduction in yeast numbers would 
imply a pathogenic role. 

Dogs and cats with hypersensitivity disorders 
such as atopy. d ietary sensitivity or cont:tct 
dermatitis usuall y remain pruritic despit~ par;/,
sit icidal. antibactcrial :lnd anti yeast tre.ltment. 
Elimination diets. contact restriction studies, and 
intradermal and serological tests can then bc pcr
formed as indic:l ted. The author routinely investi
ga t~s d ietuy sensitivity in such cases because 
allergen avoidance is often practicable whenever 

this disease is diagnosed. In cont rast, allergen 
a\'oidance is seldo m a practical solutio n for atopic 
d isease and some cases of comact dermatitis, and 
lifelong glucocorticoid or o ther anti- inflamma
tory therapy is then often required. 

The sequential performallce o f these trial pro
cedures can lead to a lengthy investigation and it is 
of len usefu l to combine some o f the initial steps. 
For example, ill a suspcct atopic dog, concurrent 
dietary and parasite trials could be given initially 
to exclude dietary sensitivity and flca allergy. No 
response would suppOrt a diagnosis o f atopic d is
ease but if a marked response was seen, reehal
lenge with the origin:tl di~t would diff~rential e 
diet:t ry scnsitivity fro m flea allergy. Symptomatic 
therapy with :tntib:tcterial o r glucocorticoid 
agents m:ly be required in se\'erc!y pruritic ani
mals while aw:titing the results of laboratory tests, 
dietary m:tnipulations :tlld par:tSiticid:t1 therapy. 
Howe"er, care must be taken to ensurc that such 
tr~alments do not interfere with subsequent 
investigations such ;l.S intraderm:tl tests. 
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Scaling and Crusting Disorders 
R. Bond 

I INTRODUCTION 

Scaling and crusting disorders represent a signifi
cam propo nion of the dermatological case load in 
small animal practice. Scaling refers to the accu
mulation of fragments of the corni fi ed layer of the 
ep idermis. C rusting is indicative o f an ;l.ccumula
tion o f dried exudate which is usually composed 
of serum, inflammatory cells or blood. In com
mon with other dermatological signs, scaling or 
crusting can be seen in a wide array of skin dis
eases. Scaling disorders arc commo n in dogs but 
are less often secn in cats. The purpose of this 
chapter is to describe briefly the pathophysiolog
ical processes which lead to scaling o r crusting, 
and to describe an approach to d iagnosis in such 
cases. Achieving a definitive diagnosis gives the 
clinician the best ehanee of instituting succcssful 
therapy. Detailed descriptions of individual dis
eases can be found in Chapter 47. 

I PATHOPHYSIOLOGY 

The skin is covered by a continuous stratified 
keratinizing epithelium, the epidermis, which 

terminates at the mucocutaneous junctions. The 
epidermis is composed of layers occupied by 
viable keratinocytes (s tratum basale, stratum 
spinosum, stratum granulosum) and non
viable, fully differentiated corneocytes (s tratum 
corneum). The three principal processes of the 
self-renewal system which opente within the 
epiderm is arc prolifer.ation, differentiation and 
desquamation. Cellular proliferation in the canine 
epidermis is confined to the basal cell layer. Cells 
migrate upwards from the basal layer and commit 
to terminal differentiation. During this process, 
termed keratiniz:ttion. the living cell is ultimately 
tnnsformed into a dead corncocyte or squame 
which is composed of aggregates of keratin fila 
ments invested by a chemically resistant proteina
ceous cell envelope. The c.anine stratum corneum 
is composed of approximately 40 layers of 
tightly-packed corncocytes. 

The continual renewal of the epidermal cell 
population allows the skin to react to different 
physiological and pathological stimuli. During 
the normal process of desqu.amation, full y corni 
fied cells are lost individually o r in small groups 
not visible to the naked eye. 

C linical signs may result from alterations of 

T. llt. 28.1 Primary deleets 01 keratJnlz.alion and as~la!ed breed predilections 

Ols'u, Breed predilections 

Idiopatttic seborrhOea Cocker and spriooer spamel, West Highland wMe terrier, Irtsh seuer. Dobermann. 
shar pei, labrador 

Vitamin A·responsive dermatosis Cocker spaniel, miniature schnauzer, labrador 

Zinc·responslve dermatosis Alaskan malamute, Slbefian husky. samoyed 

Sebaceous adenitis Standard poodle. akita, vizsla, samoyed 

lehthyosls West H~hland wI1ite terrier 

lethal acrodermaliUs Bull tenier 

Epidermal dysplasia West Highland wflite terrier 
IdiopathIC nasodlgltal hyperkeratosis Cocker and springer spaniel 
Ear margin dermatosis Dachshund 
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either proliferation, differentiation or desquama
tion, in any combination. Enhanced proliferation 
;l.nd desq uamation is ;l. common relction of the 
skin to inflammatio n; this process may be benefi
cial to the host when surface pathogens such as 
dermatOphytes :lre present. Scaling may :llso 
occur in non-inflammatory diseases such as 
endocrine and nutri tional disturbances reflecting 
the import:lnt role of hormones, proteins, trace 
elements ;l.nd essential fatty acids in epidermal 
maturation. The term primary defect of kera
tinization is used to describe skin diseases charac
terized clinically by excessive scal ing and 
histologically by epiderm:ll abnormalities which 
result fro m unknown causcs o r as ;l. d irect conse
quence of abnormal keratinization (f :lble 26. J) 
Kerat ini7~tion defects seeondary to ecto parasites, 
microbial infections, infl:lmmatory diseases and 
endocrinopathies arc much more common. 

Crusting indicates l prc\' ious episodc of cxuda
tion. Histologically, the cruSt can be classified 
according to the nature of its components. Scrous 
cruSt is composed p rimarily of plasma, cellul:lr 
crust consists o f degenerate polymorphonuclear 
cclls, most commonly neutrophils, and palisading 
crustS develop as a consequence of episodic bursts 
of neutrophil ic exocytosis. Pllisading crusts are 
seen most commo nly in dermatophytosis and 
dermatophilosis. 

I INVESTIGATION Of SCALING AND 
CRUSTING DISORDERS 

I§~ I HISTORY CHECKLIST 

A general medical history should be o btained in 
every case because scaling and crusting disorders 
sometimes reflect internal diseases. Aiternati\'ely, 
a general history m;l.y reveal evidence of other, 
unrelated diseases which require attention. Points 
of particular relevance in animals with scaling and 
crusting disease arc d iscussed below. 

o Breed? 
Impo rtant breed predilections of value in priori
tizing differential diagnoses arc recognized in 
manydefects of keratinization of dogs (fable 26.1). 
Primary defects of keratinization arc very rare in 
cats, although primary idiopathic seborrhoea has 
been reported in Persian kittens. Lethal acroder
matitis is a sy mmetrical erythematous and crust
ing disorder of young bull terriers associated with 
an :wwsomaJ recessive defec t in zinc metabolism. 

o Age of onsel? 
Ichthyosis, a rare congenital disorder of ker3-
tinization characterized by scaling andlor reten
lio n o f the stratum corneu m, h:ls been identified 
in cats and in dogs of various breeds including 
West Highland white terriers, Yo rkshire temers, 
Jack Russell terriers and Cavalier King Charles 
spaniels. Many of the primary defects of kera
tinization, such as idiopathic seborrhoea, develop 
during the first year of life. Ectoparasitic diso r
ders and dermatophytosis occur in al1 age gro ups 
but are most common in young animals. 
Endocrine, metabolic and neoplastic causes of 
scaling arc most frequent in middle-aged or 
elderly dogs. Nutritional disorders can occur at 
any age. 

o Development and progression of the disorder? 
The distribution and progression of skin lesions 
can be helpful. Pruri tus is an early featu re in 
canine scabies. Lesions most commonly develop 
on the pinnal margins. elbows or hocks but then 
may advance to involve wider areas o f the limbs 
lnd ventral trunk. Dermatophytosis in dogs is 
often characterized by peripheral spreading from 
an area of scale or alopecia. Generalized ski n 
invoh'ement early in the course of the disease is 
usuall y a feature o f ichthyosis and primary idio
pathic seborrhoc:l. 

Q Degree of pruritus? 
Pruritus is u5ually a major (ealllre of eetoparasitic 
infestations and is also commonly obser\'ed wi th 
bacterial fo ll iculi tis, Malassezia dermatit is and 
dermatophytosis. Epidermal dyspll!ia is :l con 
troversial 'disease' of West H ighland white 
terriers which is characterized clinically by severe 
pru ritus (sec later under clinical signs). Endocrine, 
nutritional and metabolic disorders, and primary 
defects of keratinization are usually non- or o nly 
mildly pruritic. H owever, secondary infection 
with bacteria or Malassezia pachydtmnatis com
monly resul ts in moderate or severe pruritus in 
such cases. 

o Signs of syslemlc dlslllse? 
In general, dogs and cats with ectoparasitic dis
orders and primary defects of keratinization are 
o therwise healthy. Signs of systemic disease may 
bc observcd in animals with endocrine and meta
bolic discases. H ypothyroid dogs may be lethar
gic, intolerant o f exercise, and may gain weight 
without increased food intake. Dogs with hyper
adrenocorticism may show po lyu ria/polydipsia, 
polyphagia, exercisc intolerance and musclc 
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weakness. Weight loss, reduced appetite and 
polyuria/polydipsia may be observed in dogs 
with metabo lic epidermal necrosis (superficial 
necrolytic dermatitis, 'hepatocuuneous syn
drome'). Dogs living in o r imported from south
ern Europe with skin disease caused by protozoan 
parasites of the genus Leishmania may present 
with haemalOlogical, renal, hepatic, musculo
skeletal o r ocular signs. Generalized scaling may 
be seen in cats with diabetes mellitus or hyper
thyroidism. 

1:1 Diet? 
Nutritional deficiences ;md imbalances sufficient 
to cause skin disease are unlikely in dogs and cats 
fed o n good quality commercial d iets. Nutritional 
diseases can be observed when owners feed unbal
anced home-prepared diets, and in animals with 
gastrointestinal d isease o r genetic disorders of 
metabolism. Zinc- responsive dermatosis may be 
seen in Arctic breeds such as the Alaskan mala
mutes; a genetic defect causing decreased zinc 
absorption is suspected in these dogs. Zinc
responsive dermatosis can occur in other breeds 
fed on diets high in phytates or minerals which 
inhibit zinc absorption, but this is now less often 
seen because manufacturers have increased the 
zinc content of their diets. 

a Evidenee 01 transmiuion or contagion? 
A history of contagion to other animals strongly 
suggesUl ectoparasitism (with the exception of 
demodicosis) or dermatophytosis. Zoonotic skin 
d isease is commonly seen with fleas , cheyletid-
105is, scabies and dermatophytosis. Rarely, multi
ple animals in the household may be affected if all 
arc fed on a nutrit ionally incomplete diet. 

1\(,1 PHYSICAL EXAMINATION 

A consideration o f the nature and distribution of 
skin lesions in association with the historical find 
ings should allow the clinician to prioritiZl." the 
differential diagnoses in each case. Recognition of 
the type of skin lesions is helpful in diffe rentiating 
possible causes. 

Scaling may occur on its own or in association 
with o ther skin lesions. Scaling alone may result 
from parasitic infestations such as cheyletiellosis 
or leishmaniasis, and environmental faclOrs such 
as d ry heat. Rarely, dermalOphYlOsis may present 
as localiud or generalized scaling without 
alopeci;l, especially in canine infections caused by 
MicrosporJml persic%r. Scaling accompanied by 
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symmetrical, non-inflanunatory alopecia is 
suggestive of endocrine disease. Cutaneous 
lymphoma may present as an exfol iative erythro
derma and/or nodules, plaques and ulceration of 
the ski n, o r mucous membrane ulceration. 

Widespread scaling accompanied by pruritus, 
erythema, traumatic alopecia and varying degrees 
of hyperpigmentation and lichenification occu r 
with hypersensitivity disorders, especially those 
which arc complicated by bacterial or M. pachy
dermaris infections. Similar signs have been 
reported in West Highland white terriers with a 
primary keratinization defect termed epidermal 
d ysplasia; high skin populations of M. paciJ)'der
matis arc usually present in such cases. 

Comedones (blackheads), dilated hair follicles 
plugged with keratinous debris occur with 
demodicosis, endocrine disease and primary 
defects o f keratinization. Fo ll icular casts result 
from the accumulation and adherence o f kerati
nous material to the hair shaft extending beyond 
the follicular ostia. They indicate abnormal kera
tinization within the follicular infundibulum and 
are often a prominent fea ture, in add ition to scal
ing, of sebaceous adenitis, idiopathic seborrhoea 
and vitamin A-responsive dermatosis. Follicular 
casts may also be seen in demodicosis and der
matophytosis. 

Multifocal circular cruSts suggest an eruptive 
process and often evolve from papules or pus
tules. These lesions are most commonly seen in 
canine pyoderma but also occur in sterile pustular 
diseases such as pemphigus fo liaccus. Pyoderma 
lesions usually involve the ventral abdomen and 
trunk whereas pemphigus fo liaceus often affects 
the face and cars. With pemphigus foliaceus, a 
combination of individual focal lesions and areas 
of coalescing crusts is often seen. 

Circular, crusting lesions with alopecia occur in 
dermatophytosis. A gradual outward progressio n 
of the lesion may be observed with central healing 
and more acti ve inflammation OIl the periphery. 
Multifocallesions arc more commo n in feline der
matophytosis but individual lesions are often less 
numerous in dogs; pyoderma is the most common 
cause of expanding, ring-like lesions in the latter 
species. Superficial pyoderma in short-coated 
dogs occasionally presents as diffuse truncal scal
ing accompanied by a subtle papular eruption and 
patchy alopecia. Erythematous, crusting papules 
;lre frequentl y observed in dogs with scabies. 

The presence of symmetrical skin lesions 
of len suggests a systemic disease (Table 26.2). 
Symmetrical per-orificial crusting occurs in meta
bolic epidermal necrosis and in zinc-responsive 
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Table 26.2 Scaling or crusting disorders which commonty present with symmetriCal skin lesions 

Disease Patllophysiology Cllnlcal leatures DIlgnostlc procedures 

Idiopathic ~borrhoea Hyperprolileratrve basal Scaling, comedones, History, exclude other 
keralmocytes 10Ulcular casts, dilierentw diagnoses, skm 

hyperkeratotic plaques biopsies 

Vitamin A·responslve Idiopathic keratmization Scaling, comedones, History, exclude other 
dermatosis detect. Systemic deliciency 101licu13r casts, ditferential diagnoses. skin 

unlikely hyperkeratotic plaques biopsies, response to therapy 

ZlIlc·responSlVe dermatosIS Abnormal keratmtzalJon Symmetrical tightly adherent Skm biopSies, response to trial 
leading to diffuse scale. Footpad line supplementation 
parakeratOSIs ~perkefal os,s IS 

occasionally seen 

Ear marQlIl dermatosis Idiopathic keratinization ftllliclJlar casts along pmnal HistOry, Clinical signs, skin 
deleet margins, Non'pnmllc biopsies. Rule out scabies and 

vascuiopalhy 

Metabolic epidermal necrosis Unclear Hypoamlnaacidaemia Footpad hypei1<eratosis and Skin biopsies, biochemical tests, 
secoodary to hepatic 
disease or IIlucagonoma? 

Pemphigus loliaceus AutOimmune disease. 
Oamage to desmosomal 
proteins caUSing loss of 
keratinocyte cohesiOn 

calline scabies HypersenSitivity response 
to presence of mites in the 
epidermis 

lershmaniasis Proliferation of protozo.an 
parasite Wllhln macrophages 
and otller celis 

and other nutritional dermatoses. Metabolic epi . 
dermal necrosis is an uncommon disease o f dogs 
characterized by symmetrical erosions, fissures, 
crusting and footpad hyperkeratosis. Most cases 
refleer a vacuolar hepatopathy or hepatic cirrhosis 
although rare cases arc associ;ltro with pancreatic 
glucagonomas. I n some cases, skin lesions precede 
c1inic.a1 signs of internal disease, Erosions and fi s
sures arc less often seen with nutritional distur· 
b;lnces, 

I INITIAL DIAGNOSTIC PLAN 

The historical and clinical findings should enable 
the clinician to propose a list of differential diag· 
noses. Diagnostic and therapeutic plans should 
then be fo rmulated bascd on these features and 
the wishes and expectations o f the diem. If the 
c.ause of the problem is not immediately o bvious, 

fissures. Peri·oullc.al abdominal unrasonography 
erOSIOnS. Crusllllg and 
fissures. Weight loss. 
po/yuna, poor appetite 

Pustules (transient) and Skin biopsies 
crusts, oiten on face. ears. 
May Ill'o'o/Ve tootpads and 
trunk 

Crusted papules, espeoally Skin scrapes. Response 10 trial 
ear margins, elbows, hockS. acanCidal therapy 
Pruritus is oiten severe. 
ContagIOn? 

Exfoliative dermalllls, or Demonstration 01 parasite In 
nodules. Of ulcerslcrusts. lymph node or bone marrow 
Variable systemic signs aspirates or skin biopSies 

then initial im<cstigations should centre on the 
exclusion o f eClOparasitic infestations and micro· 
bial infections by skin scrapings, coat brushings, 
cytology and culrures. 

Laboratory tests should be selected on the b.asis o f 
the historical and clinicll findings. 

Skin scrapings , ha ir plucks and coal 
brush lngs 

These should be collected and examined in all 
cues presenting with scaling or crusting; tech· 
niqucs arc described in Chapter 25. 
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Microbial cultures 

Culture of skin scrapings and hair plucks is indi
cated whenever dermatophytosis is suspct:ted. 
Cultures may also be used to demonstrate the pres
ence o f Staphylococcus imermeJiuI and Malassezia 
pachyJermacll; however, merely isolating these 
commensal organisms does not prove they are 
pathogenic. Profuse growth of the organism 
should increase the index of suspicion of a patho
genic role but response to trial the:rapy may ulti
mately be required to establish their significance. 

Haematologlcal and biochemical 
Investigations 

Blood samples for haematological and biochemical 
profiles should be obtained from animals suspected 
of having endocrine or metabolic disorders. 
Hypothyroid dogs may have: a normocytic, nor
mochro mic.. non-regenerative anaemia and ele
vated plasma cholesterol concentrations. A mature 
neutrophilia, lymphopenia and eosinopenia, 
accompanied by elevatio ns of plasma cholesterol 
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and alkaline phosphatase may be observed in dogs 
with hypcradrenocon icism. Dogs with metabo lic 
epidermal necrosis often have non-re:gencra.tive: 
anaemia, hypoalbuminaemia and im:rcased plasma 
concentrations of liver enzymes. Fas ting and post
prandial bile acid concentrations are: usu:'l l1 y 
increased when metabolic epidermal necrosis is 
;l.ssociated with hepatic disease. Concurrent dia
betes mellitus characterizcd by hypcrglycaemia and 
glycosuria is recognized in some cases. Dogs with 
leishmaniasis may have anaemia, thrombocyto
penia, hypcrglobulinaemia, azotaemia or incre:ased 
hepatic enzymes. Ho rmone as5:l.ys and dynamic 
function tests arc indicated whene:ver endocrine 
diseases arc suspected. Detai led descriptions of 
these procedures arc given in C hapters 39 and 47. 

Skin biopsies 

The examination of skin biopsy speci mens is ohen 
of considerable diagnostic value because many 
scaling and crusting d isorders have relatively dis
tinctive histopathological features (fable 26.3). 
Punch bio psy speci mens can oft en be obtained 

'.ble 28.3 ScaIiIlQ and crusting diseases wilh diagnostic or suggestive histopalhOlogicalfeatures 

Disease 

Pyoderma 

Dermatophytosis 

Demodlcosis 

l eiShmaniasis 

Sebaceous adenitis 

Primary idiopathic seborrhoea 

Pemphigus loliaceus 

Cutaneous lymphOma 

Metabolic epidermal necrosis 

Prlncillalleslon type 

Papules, pustules or crusts 

Alopecia. crusts 

Alopecia, comedOfleS, scale, crust 

Scaling. nodules, ulcer!; or crusts 

Scaling, folli<:ular casts. alopeeia 

Scaling, comedones, toilicular 
casts, hyper1o:eratotic plaques 

Pustules, cr1J5ts 

Scalll'lg. erythroderma. alopecia, 
nodules. plaques 

Symmetrical crusts, erOSions, 
fissures 

Main histopalhololiullealures 

Neutropflilic folliculitis or furunculosis 
AtlSeoo! of fU1lOa1 elements and Demodex SIlp. 

Pyogranulomas centred on !\aIr follICles or 
hyperplasllc superficial perivascular dermatitis, FUrlgal 
hyphae or Spofes In hair shafts or stratum corneum 

lymphOptasmacytic mural foUlculitis and perifolliculitis 
Ofsuppuratwe lolliculitis and pyogranuloma formation. 
Intrafoilicular m~es 

Varlabfe. Nodular or dlttuse granulomatous dermatitis 
or plasmacytlc perivascular dermalltis Amastigote 
form of parasite within maerophages 

Follicular hyper1o:eratOSIs and inflammatory ceW 
inriltrate targeting sebaceous glands orabsence 01 
sebaceous glands in muttlple biopsy specimens 

Mar1o:ed surtace and lollicular hyper1o:eratosis. 
Non·lnllammatory in absence ol m/ealon 

SubcCtrneal pustules with acanthOlySis. RaftS 01 
acantholytic epithelial cells In crusts 

Infiltration 01 Superficial dermis andlor epithelium with 
neoplastic lymphocytes 

Parakeratosis, intracellular oedema 01 upper 
epidermis, superllclal dermallnliltrate 01 
mononuclear cells 

Avtc ozasc elOgradivo 



206 I PROBLEM·ORIENTED MEDICINE 

from the trunk using local anaesthesia and seda
tion. It is important that the site is not sUr&ically 
prepared prior to sampling because removal of 
the scale :md crust may eliminate important 
histopathological fea tures. Primary lesions such as 
papules and pustules should be biopsied where 
identified. 

Response 10 Irlallhe rapy 

Trial acaricidal therapy is indicated whenever sca
bies is suspected. Three applications of phosmet 
or amitraz at intervals of 2 weeks arc normally 
effecti\'e. All in-contact dogs must be treated. 
Cocker spaniels and o ther breeds with vitamin-A 
responsive dermatosis should improve within 4 
weeks of commencing therapy with 10000 IU of 
reunol per day, and a complete response should 
occu r within 10 weeks. Zinc sulphate at an oral 
d9se of 10 mg kg-I daily resolves lesions of zinc
responsive dermatosis within 2-6 weeks in most 
dogs. 

I FORMULATING A THERAPEUTIC PLAN 

Trial parasiticidal or antimicrobial therapy should 
be considered when ectoparasitism o r skin infec
tion are suspected. If clinical signs persist and 

pruritus is present, then evaluation for allergic 
d isorders might be indicated (sce C haptcr 25). In 
animals with minimal pruritus, endocrine, nutri
tional and metabolic diseases should be consid
ered. Sk in biopsies arc indicated whenever 
primary keratinization defects, autoimmune dis
o rders and cutaneous neoplasia arc suspected, and 
when routine tests and initial treatments an~ non
productive. A consideration of the historical. clin
ical and histopathologic.3.l features, in association 
with exclusion of o thcr differential diagnoses, 
should suggest a diagnosis in the majority of 
cases. 

I SYMPTOMATIC TOPICAL THERAPY OF 
SCALING DISORDERS 

A wide array of differcnt shampoos is a\'ailable 
for the treatment o f scaling d isorders. A knowl
edge of the indicat ions and actions of the different 
products is essential if optimal results arc to be 
obtained . Table 16.4 serves as a guide to the selec
tion of shampoos in different clinical presenta
tions_ Frequent applications with adequate 
contact time arc prerequisites for good results; 
man)' products shou ld be used twice weekl),. 
allowing 10 minutes of contact time before 
thorough rinsing. 

Table zti.4 Gukle 10 tile selection of shampoos lor the symptomatic theraJ1Y of scaling d isorde~ in dogs 

Presentation 

Ory scalmg 

Greasy scaling 

Scaling plus bactenal mfeclion 

Scaling or greasy exudation 
associated With M. paChydermafls 

Treatments 

Sulphur-'ialicy1ic acid 
Fatty aciiHmotlil!nl products 

Tar-sulphur-'iahcyhc aCid 
Benzoyl peroxide 
Selenium sulphide 

Chlorllexldlne 

Benzoyl peroKlde 

Elhyllactate 
2% chlorhexidine-2% 
mlconazole combination 
Selemum sulphide 

Comments 

u~ of a humectant nose may be helplul 

OccaSionally irntatlng: contraindicated in cats 
Orying and occaslor-.ally Ir'Mlml! 
Some addrtional antl-Matissena and anllparasltlC actIVIty 

AdJur;ctlV8 treatment only. 3% products more uselulthan 
0.5%, where available 
Adjur;ctrve lleatment only: drying. antibacterial ethcacy 
limited 
AdJulICtive treatment only. AIltlbacterialeffiCaCV limited 

Good antibacterial and antl)'east actIVity. also degreaslng 
less effective than chforhexidm&-n1lconarole. More 
effective il combined with enilConazole rinse 
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JOint, Bone and Muscle Pain 
R. Whitelock 

P:Linful stimuli from the joints, bones or muscles 
of the ap~ndicular skdcton almost invariably 
cause lameness. Multiple limb im'olvemcnt o r 
axi:ll skeletal pain is frcquenliy not so ~adily 
apparent, and the owner's compl aint and p~5cnt · 
ing signs may be more divc:rse. It is impcr:lt ivc 
that the owner's complaint is identifial and :tn 
accur-tte hislory is obtained before examini ng the 
animal. 

I INITIAL INVESTIGATION 

I§~I HISTORY CHECKLIST 

o Lament .. or gallibnonnality? 

Q Leth' f1IY or IXlrcise intolerance? 

o SUffnlss? 

o IMrt Ilgns Dr plln I .g. YOCIllzatlon, lltiing , 
panting, tlchytinUa. restlnsness? 

o Behavioural chlnge • . g. _,grealon? 

a R,lud'ncl to be groomed? 

a Hunched .ppetranee? 

o Breed • • ". . 1Ix? 
Certain disc;ascs have Iypial breed. age :md se,l( 
pudispositions (for example, osteochondrosis h:u 
a predisposition for b.rge brttd dogs and clinical 
signs arc normally fi rst noticed between 4 and 9 
months) 

o Any chln"e In temperament? 

o Dlel? 

o Any presence of similar signs in IItt.rmales? 

o Response to m.dltatlon? 
For example has there been an improvement on 
non-steroidal anti-inflammatory drugs? 

Where lameness is evident. it is helprulto know 
the onset and duration or the signs. as well as itS 
p;!.uern. T he following should be noted about the 
pancrn of lameness: 

• Inu:! rmiuent or consistcnt ? 
• Progrcni\·c, static or improving? 
• Severity over a 24 hour period? 
• Cyclic;!.l ? 
• Effcct or excrcise/rest? 
• Effcct of wcather? 

1",1 PHYSICAL EXAMINATION 

A general physical cxamination should always be 
performed, regardless of the presenting signs, and 
in somc cases thorough orthopaedic and neuro
logical ex:aminations :arc also indic:ated. Lameness 
docs not :alw:ays :ariu from limb pain. and bOlh 
physical or mcchanic:al deformities (for ex:ample 
joint :ankylosis, limb deformity, muscle contr:ac
turo:) and neurological :abnormali ties need to be 
identified. 

The physic:al ex:uninnion should be based on 
observ;!' lion, p;!. lp:llion and manipul:llion. In 
those joinn , bones and muscles thOlt 3fe pOlIpable 
the site of pai n m:ay be locOl Iized by cOlrcfui CXOlm
ination. The shoulder and hip joints 2re excep
tions, as they 2re well covered by muscle and it 
may be cxtremely diffi cult to ;!.ccur:a tely localize 
the site of pain by p:alpnion alone. Similuly. it 
may be difficult to accur.ltely loC:tlize p2in of 
spinal origin to :a particular bone, muscle or joint 
due to the intimate anatomical relationships of 
the ind i\·idu:al structures. In these cases, appro
pri :a te usc of further leslS is indic:a tt:d to f:acili t:a te 
the diagnosis. In order to enable 2 complete 
cxamination of the animOl1, the pOlinfui area 
should be examined last. 
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I JOINT PAIN 

When eX3mining joints, ,he following featu res 
should be nO[ed: 

• rJnge of mo\'ement 
• joint stability 
• swelli ng 
• dcformilY 

• 
• pam 
• number of joints affectcd 

Careful palpation may enable localization of pain 
to specific Siructures, such as collateral ligaments 
o r sesamoid bones. M;an)' conditions, however, 
;are more diffuse, such as inflammatory (infeclive 
or immune~mediated) synovi tis or degenerui\'e 
joint disease, and further diagnostic tesis are 
necessary to establish the diagnosis. 

Animals with polyanhrilis are generally lame 
or stiff and may be pyrexic. Occ;asionally they are 
so badly ;affected that they are barely able to 
Siand, The elinical signs nevertheless arc o ft en 
episodic. 

I TemroromandlbUlar lolnt pain 
(Tabe21.1) 

Opening of the jaw is resented by animals with 
temporomandibular joint pain, which must be 
distinguished from mastic:Hory eosinophilic 
myosi tis and mandibular fractu res. 

• Shoulder lolnl pain (Table 21.2) 

Shoulder join! pain may be intrinsic (invoh·ing 
the joint itself) or extrinsic (involving the 50ft 
t issues immediately ad jacent to the joint). h is 
not ;a lways possible to distinguish the two by 
palpation alone. Condit ions which must be 
distinguished from joint pain include bicipital 

tenosynovitis, luxation of the biceps tendon, 
brachial plexus tumours, nerve root pain (referred 
pain), cervical spinal pain and muscle pain. Care 
should be taken in the assessment of joi n! stability 
as normal joi nts have a degree of inherent insa
bil ity, 

• Elbow pain (Table 21.3) 

It may be difficult to distingu ish shoulder and 
elbow pain in some animals due to the reciprocal 
arrangement of the twO joi nts, and CJ.rcful repeall~d 
examination is required. Extrinsic condilions 
which may resemble joint pain include panosteitis, 
interosseous (radius/ ulna) pain and pain in adja~ 
cem muscles. The integrity o f Ihe co ll ateralliga~ 
ments is best examined with the joint in flexion. 

• Carpallolnl pain (Table 21 .4) 

The carpus is readily palpated due to minimal soft 
tissue cover.tge. Intrinsic cupal pain should be 
dislinguishable from extrinsic pain. Accur.tte 
localization of focal pain (e.g. collater.tllig;ament 
injury) is possible. as is a diagnosis of instability. 

I 
MelaCarpO(larsol'Phalangeal and 
Inlerr.halangeal olnl pain 
(Tab e 21 .5) 

The joints of the digits are readily palpated indi
vidually, and minimal soft t issue coverage fac ili
tates accurate local;103lion of pain. Collateral 
ligament suppon should be tested with the joints 
in extension. Causes of 'foot pain' such as lacera
tion of the pads, penetrating foreign bodies and 
paro nychia should not be o\·erlookW. 

Table 27.1 causes 01 temporomandibular joint pain 

Joint stability 

Sllble 

Unslabte 

Aellology 

N"",_ 

Oys"".' 
Degenerative jOint disease 
Meniscallnjury 
LUKatioo 
(congenitat' or aCQuired) 
Fracture 
(COr.dyte, glenoid) 

' Predominantly seen in sUilelal1y Immature animals. 

Further dlagnosllc lests 

Diagnostic Imaging 
DiagnostIC Imaging 
Diagnostic Imaging. arthrotomy 
Diagnostic imaglllg. arthrotomy 
Diagnostic Imaging 

Diagnostic imagino 
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Table 27.2 Causes of shoulder jOint pain 

Join! stability AeliolollY Further dlagnostlc!ests 

Stable OsteochondrosiS' Diagnoslic lmaoing, arthroscopy, 
arthrotomy 

Dysplasia' Diaonos!ic imaging. arthroscopy. 
arthrotomy 

Trauma Diagnostic imaging, 
(sprain, haemarthrosis) arthrocentesis, arthroscopy, 

arthrotomy 
Fracture DiagnostiC imaglno, arthrotomy 
(scapula. proXimal humerus) 
Deoeneratrve jomt disease Diagnostic imagiflg. arthroscopy. 

arthrotomy 
NeoplaSIa Diagnostic imagiflg, arthroscopy, 

arthrOlomy 
Infective arthntis Diagnostic imaging. arthrocentesiS 

(synovial biopsy) 
Immune·medialed arthritiS Diagnostic Imaging. 

arthrocentesis. synovial biopsy, 
serology 

Unslable Subluxation Diagl'lOStic imaging 
luxation DiaOnostic imaging 
(congenital' or acqUired) 
fracture Diagnostic imagmo 
(scapula, proximal humerus) 

' Predominantly seen In skeletally Immature animals. 

Table V .3 Causes of elbow joint pain 

Join! stability Aello!ogy Further diagnostic tests 

Stable Osteochondrosis' Diaonostic Imaging 
(fragmented coronOid process, arthf(ISCOPY. arUlrotomy 
osteochondritis dissecans. 
ununited anconeal process) 
DysplaSia' ~nosllc Imaging. arthroscopy, 

arthrotomy 
Subluxation' Diagnostic Imaging 
(short radius/ulna syndrome) 
Congemtal luxation' Diagnostic imaging 
Trauma Diagflostlc imaging. arthrocentesis, 
(sprain, l'Laemarthrosis) arthroscopy, arthrotomy 
Fracture DiagnostIC imaging, arthrotomy 
(tliSIaI humerus. prOXimal 
radius/ulna) 
Degeneratrve lolnt tlisease Dlagflostic Imaging. arthroscopy, 

arthrotomy 
Neoplasia Diagnostic imagiflg, arthroscopy. 

arthrotomy 
Inlechve arthrills Diagnostic imaging. arthrocentesis, 

(synovial biopsy) 
Immune' medl3tetl arthntls Dl3Onostic Imaging, artllrocenteslS. 

synovial biopsy, serology 
Hypervitaminosis A (cat) Diagnostic imaging 

Unltlble Collateral ligament dlSruptiofl Diagnostic Imaging. arthrotomy 
luxation Diagnostic imaging 
Fracture DiagnostiC Imaging. arthrotomy 
(distal humerus, prOXimal 
radius/ulna) 

• Pfedomlnantly seen In skeletally ImmalUre animals. 
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Table 27.4 causes of carpal joint pain 

Joint stability AeliolGOY further dlagnotltc tesls 

Stable _ .. Diagoostic imaging. arthroscopy. 
arthrotomy 

Sublu)Qtion' Oiagoostlc lmagmg 
(sliort radiuslull\3 syrMlrome) 
Trauma Diagnostic Imagmg. 
(sprain. haemarthrosfs) arthrocenteSIs. arthroscopy 

arthrotomy 
FraclUre Diagnostic Imaging. arthrotomy 
(dlslal radius. carpal bone) 
D~eoerallve joint disease Diagnostic imaging. arthroscopy. 

arthrotomy 
NeoplaSIa Oragnosllc Imaging. arthroscopy, 

arthrotomy 
InfectlVB arthritis Diagooslic Imaging. 

arthrocentesis. (synovial biopsy) 
Immune-mediated arthntlS Diagnostic ImagUlg. 

arthrocentesis. synovial bIOPSY, 
serology 

Unslable HypereXlension Diagr.ostic Imaging 
Collateral ligament disruption Diagnostic imagmg. arthrotomy 
Shear Injury Diagnostic imagmo 
SUbluxallOO DiagnostiC Imaging. 
(Chronic erosive arthntis) arthrocentesis. synovial bIOpsy. 

serology 
LUKation DiagnostiC imaging 
(olllldlYidual boneSl\Ointsj 
FraclUre Diagnostic imaging 
(distalladlus/ulna. carpal or 
metacarpal bones) 

' Predominantly setn In skeletally immature animals. 

Tlble Z7.5 causes 01 metacarpo(tarso)·pl\alangeal and In terpllala~al jOint pain 

Joint stability 

Stable 

Unslable 

Aellology 

Palmar sesamoid dise?SII 
Trauma 
(spraln.llaemarthlosls) 

Fracture 
(sesamoid) 
Oegenerativll JOint dISease 

NeoplaSia 

InfectJv! arthnlis 

Immune-mediated arthritis 

Collateral ligament disruption 
Subluxation 
(Chlonlc erOSive arthntls) 
luxaUon 
Ffiltlure 
(distal metacarpaVlarsal or 
pllalangeal bol)e5) 

Further diagnostic tu ls 

Dragnostic imagil"l\l. local allilesthesl8 
Diagnostic imagil"l\l. 
arthrocentesis, arthroscopy 
arthrotomy 
Diagnostic imagIng. arthrotomy 

Diagnostic imaging. arthroscopy. 
arthrotomy 
Dl3gnos!iC imaglOg, arthroscopy, 
arthlOlomy 
Diagnostic Imaging. 
arthrocentesis. (synOvial biopsy) 
Diagnostic Imaging, 
arthrocentesis. synovial biopsy. 
serolowy 
DiagnostiC lmalling, arthrotomy 
Diagnostic imaglOg, arthrocenllsis. 
synovial biopsy. serology 
Diagnostic Imaging 
Diagnostic imaging 
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Table 27.7 Causes 01 stille joint pain 

Jolnl slablilty AeliolollY Furlher dlagnosUe lests 

Stable Osteochondrosis' Diagnostic Imaging. arthroscopy, 
arthrotomy 

AvulSIon 01 lOng digttal Diagnostic imaging. 
eKlensor tendon' arthrotomy 
Permanent patella luxaUOR' Diagnostic imaging 
Trauma Diagnostic Imaging, 
(sprain, haemarthrOSisj arthrocentesis, arthroscopy. 

arthrotomy 
Fracture DaagnostlC imaglnO, ar\tlrotomy 
(distal temur, prolOmalllblaf 
fibula. labella, patella) 
Degefl!131lV! loint disease OiagnosllC imaging, arthroscopy, 

arthrotomy 
Neoplasia Diagnostic Imaging. arthroscopy. 

arthrotomy 
InlectlVe arthritis Diagnostic Imaging, 

arthrocemesls, (synOVIal biovsY) 
Immune-mediated arthritis Diagnostic imaging, 

arthrocentesis, synOVial biopsy, 
serology 

Unstable Cranial cruciate rupture DiaOnostic imaOlnQ 
Collateral hgament disruption Diagnostic imaging, arthrotomy 
l uxation Diagnostic imaging 
(congenital' or acqUired) 
Inlemuneflt patella luxation Diagnostic Imaging 
Fracture Diagnostic Imag1no 
(dista l lemur, proKimal libial 
fibula, patella) 

' Predominantly seen in Skeleully immature animals. 

deformed. thickened, unstable and painful joints. 
Mo re acute cases may only present with peri
articular soft tissue swclling, 

• Intervertebral joint pain (Table 27.10) 

Spinal pain can r.uel y be localized to an individ ual 
joint, bone or muscle o n the basis of clinical exam
ination. The division of spinal pain in this chapter 
is purely fo r convenience and it is more likely that 
the d iagnosis o f intervertebral joint d isease will be 
made only after diagnostic imaging, Great care 
sho uld be taken in attempting to demo nstratc 
spinal instability. 

• Further diagnostic tests 

Dlagnosllc Imaging 

COI1\'entional rad iology is adequate in th~ vast 
majo rity of cases and two standard proj ections at 

right angles 10 each other should be taken. 
Stressed views are invaluable in the exami nation 
of joint sl3.bil ity, for ~xample to identify collater.'l l 
ligament injuries o r to identify the level of d isrup
tion fo llowing carpal hyperextension, Contrast 
studies arc occasionally useful. for example shoul
der an hrography in the investigation of bici pital 
lenosv nO\'It!S, 
Co~pu ted tomography is an excellent but 

relatively expensive method of imaging Struc
tures which arc obscured by superimposed 
tissues ( ~.g . the med ial coronoid process of the 
elbow, the lumbosacral jo int and the temporo
mandibular joint). Magnetic resonance imaging 
enables the soft tissues and thc bones of a joint 
to be individually distinguished from one 
another, and can for example, accurately image 
meniscal inj uries. ligament injuries, canilage 
lesions, and spinal cord or nerve root comprcs-

• Slon. 
Scintigraphy is useful for idemifying areas of 
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Table 27.8 causes 01 tarsal joint pain 

Joint slablllty 

Slable 

Unstable 

Aellology 

OsteochondrosIS' 

Trauma (sprain. 
hiemarthrosls) 

Fracture (distal tibia. 
tarsal bone) 
Degener.ltive jOint disease 

Infecti~e arthritis 

Immune·mediated arthntls 

Subluxation (bone or loint) 
Collater.lliioament disruption 
Shear Injury 
luxation (bone or jomt) 
Fracture (distal tiblaltlbula. 
tarsal or metatarsal bones) 

• Predominantly seen ill Skeletally immalure animals. 

Table27.9 causes 01 multiple joint pain 

Further diagnostic lests 

DiagnostIC imaging. arthrOStopy. 
arthrotomy 
DiagOOSliC imaging. 
arthrDCef1lesis, arthroscopy. 
arthrolomy 
Diagnostic imaging, 
arthrotomy 
Di~nostic imaging, arthroscopy. 
arthrotomy 
Diagnostic lmagmg. arthroscopy. 
arthrotomy 
Dlagnoslic Imaging. 
arthrocentests. (synOVial biopsy) 
Diagnoslic imaging. 
arthrocentesis, synovial biOPSY. 
serology 
Diagnostic Imaging 
Diagnostic Imaging. arthrotomy 
Diagnostic imaging 
DiagnostIC Imaging 
Diagnostic imaging. arthrotomy 

AetlolollY Further dlallnostle tests 

Oegeneralive joint disease OiagllostlC imaging. arthrocentesis. (arthroscopy. 
ar1hrolomy) 

IniectMi arthritis Diagnostic lmagrng. arthrocentesis. (synovial 
biOiJsy) 

Immune-mediated potyarthrtlis Dlagllostic imagrn~j, arthrocentesis, synovial biopsy, 
serology 

Table 27.10 causes of intervertebral joint pain 

AIUolollY 

OegeMrative disc disease 
Facet degeneratrve joint disease 
Spondylosis 
(usually clinically Insignificant) 
Oiseospomtyl iUs 
Atlanto-axtal subluxation 
Int&!Vertebral instabiirty 

Dlillnostle tlst 

Diagnostic rmagrng 
Diagnostic imagrng 
Diagnostic imaging 

Diagnostic Imallfllg 
Diagnostic imaging 
Diagnostic Imaging 

abnormal blood fl ow, r:tdiopharmaceutical 
up(ak~, or bone turnover, and may be of usc 
where localiution of the source of pain is diffi. · 
cult. Image resolution is poor compared to other 
imaging modalities, and having identified an area 
of increased activity, detailed radiographs should 

be taken. Scintigr:tphy is not often used in small 
animal orthopaedics. 

Ultrasonography of periarticular soft tissue 
structures is possible, but e:umin3tion of th~ joint 
itself is limited by differences in acoustic imped· 
ances between soft tissue and bone. 
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Arthrocentesis 

Synovial fluid :tnalysis is an extremely useful 
technique in the investigation of joi nt p:tin. 
Samples of sy novial fluid 3re relati\·dy e:1.5Y to 
obtain from the joints of the appendicular skele
ton in the sedated o r anaesthetized animal, and 
do not require expensive equipment for basic 
analysis. Cytologic:l1 examination alone will 
often provide a di:lgnosis of acute or chronic 
hacm:mhrosis, degenerative joint d isease, 
immune-mediated joint disease and infecti\'e 
synovitis. in most cases addition3l useful infor
mation may be gained by submiuing synovial 
fluid for fu n her analysis. 

Syno ... ill fluid analysis should include the 
following: 

• Volume 
• Gross :lppearance (viscosity, turbidity, 

colour) 
• Microscopic appearance (cylOlogy, crystals) 
• Biochemical analysis (protein, glucose, 

enzymes) 
• immunological examination (rheumatoid fac

tor, antinuclear antibody, immunoglobulins or 
immunocomplexes, complement) 

• Mucin clot test 
• Bacterill cu lture (:terobic and anaerobic) 

Arthroscopy/arthrotomy 

Direct examination of the structures of the joint 
may be necessary to accurately identify the cause 
of joint pain (e.g.:t partial tear of the cranial cruci
:l te ligament). Arthroscopy has the advantage over 
arthrotomy in being minim:tlly traumatic, :tnd 
rapid return to activity following thc surgery can 
be expttted. It is. however, time-consuming, 
requires specialist eq uipment and training, :tnd 
may require subsequent anhrotomy for treat
ment. 

Synovial membrane biopsy 

Full thickness biopsies of the synovium may be 
collected by either :tnhroscopy or :trthrotomy. 
Immune-mediated joint dise:tse and low-grade 
infective synovit is may require synovial biopsy 
for confi rmation if syoo\·ial fluid analysis is 
inconclusive. Neoplasia involving the joint (e.g 
synovi:tl cell sarcoma) requires biopsy for confir
mation. Syno\'i:tl fluid analysis is extremely un
reliable as thc majority of soft tissue tumours 
involving the joint capsule do not exfoliate and, in 
:lddition, structural information on the tumour is 
required for histological d iagnosis. 

Serology 

Lyme disease is an uncommon cause of mo no- or 
paucianhritis in dogs that have been exposed to 
ticks, and the d iagnosis is supponed by demo n
str.uion of elevated circulating antibodies to 
Borrelia burgdorferi. 

Jolnl anaBsthesla 

If the presence of joint pain is equi\,oc3I,long-act
ing local anaesthetic agents (e.g. bupivacaine) may 
be injected into the joint space under shon -acting 
sedation or general anaesthesia. An improvement 
in lameness confi rms the presence of joint pain. 

I BONE PAIN 

When examining the bones, the following features 
should be noted: 

• integrity of the o\'erlying skin 
• swelling 
• deformity 
• asymmetry 
• instability 

• 
• pam 

Digital pressure may be p3inful in some dis
eases. Apparent bone pain may be induced by 
palpation o f soft tissue superimposed on bone. 
This is most marked if a peripheral nerve is 
palpated as it cou rses over bone (e.g. radial 
nel'Ve running over the distolateral humerus, or 
peroneal nerve caudol:tteral to the stifle joint). If 
a fracture is suspected, careful palpation is nec
essary to avoid causing penetration of skin by 
sharp bony fragments, and unnecessary soft 
tissue: trauma. Causes o f bone pai n arc listed in 
Tables 27.11 and 27.12. 

• Furlher lesls 

Dlagnosllc imaging 

H aving established the presence of bone pain, 
r3diologic:t1 examination is almost invariably the 
most appropriate diagnostic test. Two standard 
views at right angles to each other should be taken 
and the painful nature of the condition may 
require gener:ll 3n:tcsthesia in order to obtain 
radiographs of adequate quality. 

in the presence of multiple si tes of bone pain or 
if the location of disease is not certain scinti· 
graphic examination using technetium 99m may 
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llbll 27.11 causes of monostotic bone pain 

History ollreuma 

No history ollreuml 

Aetiology 

Fracture 
Periostitis 

Panosteitis' 
Primary bone 
tumour 
OsteomyelitIS 
Stress fracture 
Vascular bone 
infarct 

I Predominantly seen In skeletally immature animals. 

Table 27.12 Causes 01 polyostotic bone pain 

Hillory oltraum. 

No history ollreuma 

Aetiology 

Fracture 

PanosteitJS' 
Metaphyseal 
osteopathy' 
Hypertrophic 
osteopathY' 
Cranlomandibular 
osteopathy' 
Osteomyelitis 
(haematogenous) 
Metastatic bone 
disease (rare) 
Metabolic bone 
disease 

' Predominantly seen In skeletally immature animals. 

be invaluable. Accurate radiological examination 
should then follow localization of the lesion(s). 

Computed tomography provides three-dimen
sional imaging, enhancing Slructures no rmally 
masked by superimposition. It is particularly 
useful for imaging the skull and vertebrae. 

Bon. biopsy 

The most common indications for bone biopsy 
include the diagnosis of neoplasia, bacterial infec
tion and less commonly meubolic bone disease. 
Histopathological examination and anaerobic! 
aerobic bacterial culture of bone may, therefore. 
be required to establish the diagnosis. H aving 
localized a lesion bOlh clinically and radiographi
cally, core biopsies may be taken using aJamshidi 
needle or a trephine (e.g. Michele trephine) 
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Fur1her dllgnoslit IISII 

Diagnostic Imaging 
Diagnostic Imaging 

Diagnostic Imaging 
Diagnostic imaging. bone biopsy 

Diagnostic imaging. bone biopsy. haematOIOOY 
Oiagnostlc Imaging 
DiagnOStiC imaging 

Furth!r dilgnoltic tnls 

Diagnostic imaging 

Diagnostic imaging 
Diagnostic imaging 

Diagnostic imaging 

Diagnostic imaging 

Diagnostic Imaging. 
Ilone biopsy. haematology 
Diagnostic imaging. 
bone biopsy 
Diagnostic Imaging. 
bone biopsy. haematOiogy 

through a stab incision ('closed' technique). If the 
exact location for biopsy is unclear or if exact 
positioning of the biopsy instrument is difficult, 
the lesion may be identified using a surgical 
approach before biopsy ('open ' technique). It 
may be useful to re-n.diogn.ph the animal post
biopsy to confirm the site o f biopsy. Generalized 
bone disease may also require biopsy for diagno
sis, in which case, superficial biopsy sites should 
be chosen to faci litate the 'closed' technique. 

HBBmatology 

Haematological changes may accompany bone 
di sease (e.g. eosinophilia in panostcitis, neutro
philia in osteomyelitis). Serum biochemical 
analysis is also useful, for example in the investi
gation of osteopenia where renal secondary 
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hyperparathyroidism or hyperadrenocorticism 
need to be ruled out. Serum calcium or phospho
rus levels are of limited use in the investigation 
of nutritional hyperparathyroidism as compen
satory mechanisms usually correct any abnormal
ities in the plasma concentrations of these two 
electrolytes. 

Blood culture is ad\·ised in cases o f 
osteomyelitis/discospondylitis. Samples for cul
ture should be taken before administration o f 
antimicrobial therapy. 

I MUSCLE PAIN 

Muscle pain may be focal (e.g. muscle tear) or 
generalized (polymyositis), and palpation of the 
musclesltendons themselves is required to differ
entiale il from pain of bone or joint origin. 
Manipulation of a jo int may result in a painful 
response due to compression or stretching o f 
painful muscles. 

When examining the muscles. the following 
features shou ld be noted: 

• symmetry - most muscles are paired 
• atrophy (disuse, neurogenic) 
• hypenrophy 
• swelling 
• disruption/ defects 

Table 21.13 Causes of muscle pain 

Hislory ollrauma 

No hislory ollrauma 

Ael lology 

Sprain, contusion 

Muscle tear 
Muscle tumour (e.g. 
rhabdomyosarcoma) 
Bacterial myositis 

Potymyoshis 

Eosinophilic myositis 

MYOSitis ossllicans 

Dermatomyositis 01 
colties and Shetland 
slMlepdogs 

• muscle tone/myotatic reflexes 
• weakness 
• contracture 
• pain on palpation 

Most myopathies arc in fact no t painful. resulting 
more often in weakness. stiffness and gait abnor
malities. Focal muscle pain may accompany a 
traumatic tear or cOlltusion, or possibly bacterial 
myositis. In a complete muscle tear (grade 3), a 
palpable defect may be present, and surgical inter
vention may be warranted. More generaliz.ed 
muscle pain may indicate polymyositis or exer
tional myopathy ('cramp '). Causes of muscle pain 
arc listed in Table 27.13. 

• Furlher lesls 

Diagnostic imaging 

Conventional radiology is of little use in the 
investig;uioll of muscle disease, except to identify 
radiopaque fore ign bodies or gas-producing bac
terial infection (e.g. Clostridium spp.). Similarly, 
ulrrasonography is rarely required fo r the d iagno
sis of muscle pain but its use has been reported. 
Magnetic resonance imaging is an excellent tech
nique for assessing muscle integrity and the pres
ence of neoplasia, but is likely to be normal in 
metabolic/ inflammatory muscle diseases. 

Further diagnostic lesls 

Diagnostic imaging, l1aematology/serum 
biochemistry 
Diagnostic Imaging 
Diagnostic Imaging, muscle biopsy 

Diagnostic Imaging, haemalology/serum 
biochemistry. muscle biopsy 
Diagnostic Imaging, electromyography. 
haematology/serum biochemistry. muscle 
biopsy 
Diagnostic imaging. electromyography, 
haematology/serum biochemistry, muscle 
biopsy 
Haemalologyfserum biochemiStry, 
muscle biopsy 
Diagnostic imaging. Ilaematology/serum 
biochemistry, muscle biopsy 
Ele<:tromyography, haemalologylserum 
bioclMlmis1ry, muscle biopsy 
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Electromyography 

This technique provides information on the elec
trical activit'Y of the muscle. Thus abnormalities 
may be present in diseases which involve either 
muscle or motor nerve control. Some myopathics 
will have electromyographic abnormalities as well 

• as pam. 

Serum biochemistry 

Elevated levels of serum creatine kinase arc rela
tively specific for muscle disease whereas 
increases in aspartate aminotransferase and lactate 
dehydrogenase arc less so. TIle$C may be elevated 
in some muscle dise:lllCS but interpretation of the 
results observed must be done in the light of the 
clinical signs. 
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Muscle biopsy 

Muscle biopsy is not a difficult technique to per
form, but interpretation should be performed by 
an experienc~ pathologist. Surgical biopsy is 
preferable to needle biopsy as a larger sample o f 
tissue is retrieved and muscle fibre orientation is 
retained. Tissue may be cryopreserved or forma
lin fixed, depending on the requirements of the 
laboratory. Indic:ltions for biopsy include 
neoplasia, inflammatory/ immune-mediated and 
metabolic disease. 
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Episodic Weakness and Collapse 
A. Boswood 

Signs of weakness and collapse can occur with 
almost any severe disease. This chapter considers 
possible aetiologies and the diagnonic in\'cstiga
tion of those paticms which arc presented primar
ily for their signs of weakness or collapse. It is 
difficult to provide a definition which adequately 
covers all the types of clinical signs that arc 
described 3$ (olbpsc. A useful working definition 
would be intcrmittcm non-fatal episodes of 
rttumbency with or without loss of conscious
ness. 

I AETIOLOGY OF COLLAPSE 

There arc numerous body systems which must 
function normally in an individual in o rder for 
weakness and collapse nOI to occur. Con
sideration of those processes which prevent a 
normal dog or cat from collapsing can provide 
some idea of the vast number of potential causes. 

In order for an animal to remain st:tnding: 

• Postural muscles must be functioning nor~ 
maIly; 

• The skeleton o n which the postural muscles are 
working must be intact; 

• Sensory and motor innervation must be inuct; 
• Neural information regarding position must be 

integratro :tnd appropriate stimu li provided to 
maintai n lOne of the postu ral muscles; 

• The centre of neu ral regulation (primarily the 
brai n and spinal cord) and thc effector org:ms 
(the muscles) must receive :tn adequate blood 
supply; 

• The blood reaching the tissues must be.carry~ 
ing sufficient oxygen and substrates (glucose, 
fatty acids etc.) for cellular metabolism; 

• Cellular met;\bolic processes must be func lion~ 
ing normally; 

• Adequate venous drainage must be present to 
allow removal of by~products of metabolism 
fro m the muscul;\ lU re ;\nd nervous system. 

In the light of this, what is remarkable is not the 
frequency wi th which :tnimals collapse, but ra ther 
the frequency with which they do not. 

From the above considerations one can con
struct a list of categories of disease which may 
give rise to coll:tpse: 

I. Cardiovascular 
2. Respiratory 
3. Neurological 
4. Neuromuscular 
S. Musculoskeletal 
6. Metabolic/endocrine 
7. Haematological 

Examples of diseases in each category which may 
give rise to coll:tpse are shown in Table 28.1. It is 
not intended that the table should provide a com~ 
prehensive list o f all diS(:ases thai can lead to col~ 
l:tpsc but rather to illustrate a few of the more 
frequently enco untered conditions. The reader is 
referred to the systems based sections for a 
more detailed discussion of diseases of each body 
system. 

I OEFINITIONS 

• Syncope 

Syncope is a sudden transient loss of conscious
ness caused by a temporary interruption of cere
bral oxygen supply. Cerebral ox.ygen supply is 
compromised sufficiently and for a long enough 
period to lead to a cessation of norm:tl cerebral 
mcubolism which results in temporary loss of 
consciousness. Interruption of cerebral ox.ygen 
supply c;\n come about due 10 inadequ;\le cerebral 
perfusion, inadequate oxygenation of haemo~ 
globin in the blood perfu sing the brain, o r i nade~ 
qu:tte haemoglobin within the blood perfusing the 
brai n. 
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Table 28.1 Diseases which may give nse to collapse 

Type 01 disease Examples 

cardiovascular AortiC sleflOsis 
Bradydysrhythmlas 
TachydySrtlythmlas 
CyanoUc congenital heart disease 
ThromboembolISm 
V3S0Va9al syncope 
ConoestM! heart lallur8 
Pericardial tampoJ\ade 

Respiratory Laryngeal paralysis 
Brachycephalic obstructive airway 

syndrome 
Collapsing trachea 

Neuroloilical Idiopathic epllellSY 
Wobbler syndrome 
Intervertebral disC disease 
Lumbosacral disease 

Nluromuscular Myasthenia gravis 
Type II myopathy 
Myotonia 

Musculosklllti l luxating patellae 
Hip dysplasia 

Metab ol lcll n docrl nl Hypog/ycaemla. e 0 Insulinoma 
Hypocalcaemia. e.O. 

hypoparathyroidism 
Hepatic encephalopathy 
Addison's disease 
Hypothyroidism 

H'lmalolollicai Anaemia 
Coagulopaltty 
Polycythaemia 

Miltlilanlous Splenic neoplasia 
ExerCise-induced hyperthermia 

• Seizure 

A seizure is an involunlJry. paroxysmal dis tur
bance of brain function usually manifestcd as 
uncontrollcd muscular aCllvity and a loss o f 

• conSlOusness. 

I INVESTIGATION OF EPISODIC 
WEAKNESS AND COLLAPSE 

I§~ I HISTORY CHECKLIST 

The investigation of episodic weakness and col 
lapse can prove frus trating because, b)' vi rtue of 
the episodic natu re of the problem, patients fre
quently do not demonstrate clinical signs when 
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presented for cvaluation. This means that it is 
essential to obtai n a deta iled and thorough 
description of the episodes from the owner who 
has usually observed the signs on;1.I least one occa
sion. A number of fea tures o f the hislOry are of 
particular importance. 

o Btud? 
Many conditions associated with interm in ent 
weakness and coll:lpse have breed associatio ns,e.g. 
aortic stenosis in boxers and golden rctrievcrs; 
brachycephal ic obstructive airway disease in bull
dogs; type II myopathy in Labr .. dor rctrievers. 

o Age at onlll 01 c:l1nltal signl? 
Congenital d iseases are more likely to result in 
clinical signs in a young individual. Patients with 
conditions such as idiopathic epilepsy usu .. lly first 
present as young adults. 

o Sex? 
Some congenital and acquired disea.'ies which dn 
result in collapse are sex: -associated, e.g. dilated 
cardiom)'opathy occurs more commonly in male 
Dobermanns; sick sinus syndrome in female 
schnauzers. 

D Family history? 
Some problems leading to intermincnt collapse 
may be hereditary o r fami lial in nature and a 
history of affccted relatives can be rclcvant. 

A general history should be taken but it is 
most important to establish the answers to the 
following 

o When do the episodes occur? 
• When was the first episode observed? 
• How many episodes in total have been observcd? 
• Arc episodes more likely to occur during exer

cisc or at rest ? Seizures tend to occur in patients 
at rest andl or soon aftcr waking, whereas 
exercise-induced weakness is more likely 10 be 
due to cardiovascular, respir:llory or musculo
skeletal causes. 

• Arc the episodes in any way rdated to feed ing? 
If they are, do they more frequently occur 
before or after fceding? H ypoglycaemia is 
more likc::ly to occur after fasting. Hepatic 
encephalopathy is more likdy to occur foll ow
ing feed ing. N arcolepsy can resul t in collapse at 
mealtimes. 

• Is the frcquency of episodes affected by envi
ronmental conditions such as temperature and 
humidity? 
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o Whal happens allhe lime oillpisodes? 
• Is there an)' premoniwry behaviour? Patients 

who have idiopathic epilepsy may gi \'e the 
impression that thc)' know a seizure is about to 
occur. 

• Is there a completc loss of consciousness ? If 
there is a complete loss of consciousncss the 
palien! is likely to be experiencing either 

• syncope or seizures. 
• Arc thcrc signs of respiratory d istrcss? 

RespiralOry distrcss is most likcly to be 
associated with diseases of cardiovascular or . 
resptr:llory s)'siems. 

• Docs thc animal become recumbent? If so, 
do<s the animal choose 10 lie down or is the 
animal unable 10 st.1nd? Voluntary recumbency 
is more likely to be associated with muscular 
weakness or musculoskeletal pain whereas 
involuntary recumbency is more likely to be 
associated with syncope or neurological abnor
mali ties. 

• Is there evidcnce of involuntary muscular 
activity? True syncope can be flaccid 
(al though sOnlctimes muscular acti,'ity is 
observcd duc to ccrcbnl hypoxia) whereas 
seizures are usually associated with tonic 
clonic muscular ani\·iry. 

• Is the pattern of collapse consistent in timing 
and behaviour? 

• Arc any changes in mucous membranl' colour 
observed? Pallor can be caused by hypotension 
or anaemia whereas cyanosis suggests compro
mised pcripher3l oxygen delivery. 

• H ow long does it take before the animal is 
lIormal again? Is there 3ny 'postictal' behav
iour? An imals m3Y n'co\'er rapidly from 
syncopal episodes whereas there are of len 
poslicul beha\·ioural changes or neu rologic3l 
deficits fo llowing seizures. 

o Olhllr Inlormatlon 
• Is the animal completely normal between 

episodes? If not, in what wa)' docs i{ differ 
from normal ? 

• Is there any relevant history o f previous dis
eases or trauma? 

• Is the patient on any medic:llion for any other 
condition? Many medications have the capac
ity to induce periods of weakness e.g. beta
blockers, vasodilators. 

• Is there any access to toxins? 

Having taken 3n accunte history the clinician 
should be in a position 10 be able to distinguish 
sei7,ures from syncope and possibly to narrow 

down the body systems likely to be implicated in 
the aetiology of the episodes. 

1",1 PHYSICAL EXAMINATION 

A thorough and complete physical examination 
should be performed on any animal with 3 his tory 
of episodic weakness o r collapse . 

In this discussion particular emphasis will be 
placed o n those systems most likcly to be respon
sible fo r collapse but this is not meant to imply 
that other systems should be less carefully evalu
ated. 

Before a hands on examination, the anim3l 
sho uld be observed at rest to note the character, 
depth and ra te of respiratio n as this is likely to 
change while the patient is undergoing eX3mina
tion. Inappropriate behaviour may also be noted 
at this time such as ci rcling, restlessness, depres
sion and o bvious lameness o r neufologic3l 
deficits. 

Oral, ocular and genital mucous membranes 
should be exami ned. Colour of membranes and 
capillary refill lime (CRl) should be evaluated. 
P3110r is likely to indicate poor peripheral perfu
sion or anaemia; brick red mucous mcmbnnes 
may occur with polyc}'thaemia; cyanotic mucous 
membranes imply poor peripheral delivery of 
haemoglobin (sec Chapter 15). Pro longed CRT is 
consistent with poor peripheral perfusion, how
ever individuals with significant cardiovascu lar 
diseasc can often have a no rmal CRT. 

The pulse rate, rhythm and quality should be 
assessed. Bradycardia or tachycardia m3Y ind icate 
a cardiac rhythm dis turbance. Cardiac rhythm 
disturbances, when irregu lar, can result in pulse 
defici ts, where thc peripheral pulse rate is less 
than the audible hean rate. When pulse deficits 
arc present the pulse also frequently vanes con
siderably in intensity from beat to beat. Pulse 
quality is a subjecti\'c but valuable assessment of 
the character of the pu lse. A bounding pulse may 
be present fo r a number of reasons including 
anaemia. patent ductus arteriosus or aonic insuffi
ciency. A weak pulse may suggest abnormalities 
includ ing hypo\'olaemia, cardiac disease, e.g. 
aonic stenosis and rhythm disturbances. 

The precordium shou ld be palpated before aus
cultation to evaluate the si te. rate and intensity o f 
tht: apex beat. The presence of precordial thrills 
associated with high-grade murmurs may be 
detected. 

Careful auscultation o f the he3rt should be 
unden aken to evaluate the intensity of the normal 
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heart sounds and the presence of any additional 
heart sounds such as murmurs, gallop sounds or 
splitting of the normal sounds (sec Chapter 34). 
Where additional hean sounds arc present they 
shou ld be carefully characterized. The rate and 
rhythm of the heart should be noted ;l.nd the hem 
rate compared lO the pulse rate (see above). 

The respiratory rate, depth and effort should be 
noted. If there is morc cffort associated with one 
phase of respiration this may be significant. 
Inspiratory dyspnoea is frequently associated 
with upper respiratory tract obstructive lesio ns 
such as laryngeal paralysis and brachycephalic 
obstructive :lirway syndrome. Expir:nory dysp
noea can be associated with ah'colar and small air
way disease (sec Chapter 35). Auscultation of the 
lung fields should be carried OUt to determine the 
intensity of the normal respiratory sounds and the 
presence of :my abnormal sounds such as wheezes 
.and crackles. 

In addition careful examination of the muscu
loskeletal system should be carried out (sec 
Chapters 43 .and 44). A full neurological examina
tion should also be performed to determine if a 
neurological abnormality is present which may 
account for thc collapse (sec Chapters 30-33). 

I INITIAL DIAGNOSTIC PLAN 

Where .a specific problem. for example a heart 
murmur or c.ardiac rhythm disturbance, has been 
identified during clinical cxamination an :1ppro
priate series of tests should be undenaken 10 

evaluate the problem more spttifically, especially 
where it is felt that the identified problem may 
aecount for the collapsing episodes. For descrip
tion of the appropriate diagnostie evaluation the 
reader is referred to other chapters of this text
book. 

It is frequently the case that no specific problem 
is identified during the clinical examination of the 
patient since animals arc often completely normal 
between collapsing episodes. In these cases a 
rational series of di.agnostic tests must be c.arried 
OUt in order to screen the animal for the greatest 
number of differential diagnoses with the least 
number of diagnostic tests. There is no point at 
this stage carrying OUt diagnostic tem that wi ll 
only rule in or Out a single disease proccss. unless 
me suspicion of that disease process is very high 
on the basis of the history and clinical examina-

• 
tlon. 

The following questions should be considered: 
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• Is it necessary to investigate the problem funher 
in this patient? If a patient has had a si ngle 
collapsing episode and physical examination is 
unremarkable it is debatable whether funher 
in\'estigation is necessary (consider how few peo
ple undergo diagnostic investigation following a 
single fainting episode). Diagnostic ev.aluation is 
much more likely to identify an abnormality if 
an animal is collapsing regularly and/or where a 
pattern of collapse has been established. 

• If further investigation is necessary which diag
nostic tests will be most likely to identify or 
rule out diseases potentially responsible for the 
collapsing episodes? At this point it is wise to 
try to dttide whether the anim3l appears to 
be having seizures or syncopal episodes or 
whether generalized weakness is responsible 
for the collapse. For diagnostic investigation of 
seizures the reader is referred to Chapter 32 . 

For patients suffering from syncope or general
ized weakness the following diagnostic tests are 
likely 10 be of the greatest value. 

• Blochomlslry prollio 

A biochemistry profile should include the follow -
• mg. 

• Sodium and potassium may help to rule OUt 
Addison's disease, hypokalaemic polymyo
p3thy of cats 3nd various other met3bolic and 
neurological diseases. 

• Calcium: hypocalcaemia may result in scizures 
and muscular weakness; hypercalcaemia can 
also be accompanied by signs of weakness. 

• Glucose: hypoglycaemia may result in collapse 
and seizures; hypcrglyeaemia is often a result 
of diabetes mellitus and this can result in signs 
of ketoacidosis and collapse. 

• Ammonia: hyperammoniaemia is present in 
hepatic encephalopathy and c.an result in seiz
ures and collapse. 

• Bile acids may indicate compromised hepatic 
function. 

• C reatine kinase (C K) and aspartate ami no
transferase (AS1) may be increued in cond i
tions such as myositis or hypokalaemic 
myopathy. 

• Haem,lology proille 

Examples of abnormalities which may predispose 
to collapsing episodes and which may result in 
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abnormalities on a haematology profile include 
anaemia, some neoplastic diseases and chronic 
inflammatory diseases. 

• Electrocardiogram 

An electrocardiogram shou ld be recorded to 
determine whether there is e\·idence of a cardiac 
rhythm disturbance. A wide variety of rhythm 
disturbances may be associated with episodic 
weakness. The electrocardiogram (ECC) may also 
suggest the existence of ventricular hypert rophy, 
dectrolyte disturbances or myocardial hypoxia. 

• Thoracic and abdominal radiography 

Thoracic radiographs allow assessment of the size 
and shape of the cardiac silho uette. the great v~
sds, the pulmo nary parenchyma. airways and vas
culature. When thoracic radiographs arc normal a 
large number of cardiac and respiratory causes o f 
episodic weak ness and collapse can be ruled out. 
Abdominal radiographs may :l.Ssist in the detec
tion of intra·abdominal disease that could be 
contributing to collapsing episod~, e.g. splenic 
neopl;uia, which may lead to collapse either 
through intermittent haemorrhage or cardiac 
rhythm dis turbances. 

• Echocardiography 

If there is evidence of cardiac disease on clinical 
examination, radiography or ECG, echourdiog
raphy is indicated . When performed in a patient 
where there arc no indicators of cardiac di sease it 
is much less likely to be valuable. 

• Arterial blood gas measurement 

Many respirato ry causes of collapse and also some 
cardiac causes arc accompanil-d by arterial 
hypoxia (inadequate arterial partial pressure of 
ox}'gen). H ypoxia can be present without obvious 
cyanosis. Pulse oximetry is a less sensitive way of 
determining whether or not an animal is hypoxic. 

• Blood pressure measurement 

H ypotension or hypertension may predispose to 
collapse. Possible causes of hypotension include 

hypovolaem ia and cardiac o r vascular disease. 
Hypertension is usually a secondary problem 
in small animals and may accompany various 
endocrine and metabolic disorders. 

• Stress testing 

When the clinical signs for which the patient 
has presented are consistently associated with 
exercise it is o ften worth exercising the patient, 
and if it is considered safe, attempting to pre
cipitate the clinical signs of weakness/collapse. 
It may be wonh carryi ng OUI some diagnostic 
tests before and after exercise in o rder to com
pare results. The demonstratio n of a change in 
one or more of the parameters foll owing exer
cise may be highly significant. Following exer
cise repeat: 

• C linical examination, especially temperature, 
pulse and rC5piration; 

• Biochemistry profi le, especially glucose, C K, 
electro lytes and lactate; 

• [CG. 

In the author's experience animals that collapse 
infrequently and unpredictably which arc normal 
on clinical examination often show no abnormal
ity even after the series of tests described above. 
These aTe perhaps the most problematic cases. 
One should not dismiss the animal's problem as it 
is obviously o f !;on!;ern to the owner, however 
one could continue to investigate extensively and 
still find no evidence of an abnormality. One 
should view a normal series of diagnostic tests as a 
favourable indicator o f health rather than a disap
pointing out!;ome of the investigation. Often, 
reassuring the owner that no significant problem 
has been identified and stressing the diseases that 
ha\'e been ruled out will be sufficient to pUt their 
mind at res!. The collapsing episodes may sponta
neously re501\'e o r continue infrequently without 
detriment to the animal. After initial evaluation. if 
the ;mimal conti nues to experience episodes of 
weakness/ col],.pse the owners can be asked to 
specificall)' obseo 'e mucous membrane colour 
and palpate the femoral pulse or apex beu. This 
will pro vide useful additional informatio n for the 
clinician who is unlikely to observe the episodes. 
If the problem increases in frequency or the clini
cal signs change this may represent progression of 
an underlying disease and investigation at this 
stage is more likely to result in an abnormality 
being identified and the co rrect diagnosis being 
reached. Cases where the episodes progress and 

AV!(lro;;l(o· as PIli) gradivo 



eventU3l1y rc:sult in the de;ath of the: p;atient arc 
very rue in the absence o f detectable underlying 
disease. In :I. survey of hum:an patients undergoing 
diagnostic evaluation for syncope, the long-term 
survival o f those where a problem had been iden
tified was compared to the long-term survival of 
those in whom no problem was identified. The 
group in which no problem was identified had the 
better long-term su rvival. The implication here is 
that if a series of screening tests shows no abnor
mality that penon is less likdy to be suffering 
from a potentially life-threatening d isease 3nd 
therefo re :I. negative test result is the most 
favourable outcome for the patient who is 
collapsing. 

• Specific diagnostic lesls 

More specific diagnostic resting should be carried 
OUt where a particu lar disease process is suspected 
o n the basis of the investiguive procedures 
already unden aken. It is not necessary to carry 
out these tests in all colbpsing individu3ls. 
Examples of these tests and their indications are 
given below. 

T.nsilon f.drophonlum &hlorid.) I.st 

Edropho nium chloride is a short-acting 
cholinesterase inhibitor which prevents the 
breakdown of acetylcholine and hence increases 
its local concentration ;u the neuromuscular 
junctions. This has the effect o f improving 
muscle function in individuals with myasthcnia 
gravis. To c:ury out the test the patient is typi· 
cally exercised to the point where muscular 
weakness becomes apparent. Ed rophonium 
chloride is then administered intt;1venously. An 
improvement in muscle strength indicates a 
positive response (suggesting the presence o f 
myastheni:l). The administrat ion o f :l.n anti 
cholinergic drug can resul t in a cholinergic crisis 
50 the anending clinician should be prepared 10 

administer atropine :lnd ventilate the patient if 
necessary. 

k.tyl&holln. ""ptor .nt/body test 

Animals with acquired myastheni;l, gt;1vis may 
have dctectable antibody against ;l,cetylcho line 
receptors in their plasm3 (currently :a validated 
canine assay is not ;l,v;l,il3ble in the UK). 
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AdrenocorticotrophIc hormon. fAeTH} 
slimu/,'Ion lest 

The ACfH stimuLation tCSt is useful for investi
gating thr c;l,pacity of the ;adrenal gbnds to pro
duce conisol in response to a supraphysiologic31 
do~ of ACfH. This can be used to diagnose 
Addison's disease or C ushing's discue both of 
which C.1n result in rpisodic we;aknrss. 

f~/u,lion 01 thyroid st. lus 

Hypothyroidism in dogs ;and hypenhyroid ism in 
cats may both predispose to episodes of w~:l.kness 
or colbpse. Thus in C2ts, the assessmem of serum 
tot;al T, levds m:ly be indiuted. In dogs the assess
mem of serum tot31 T , levels m3Y not be adequate 
to reach a di:agnosis of hypothyro idism 2nd 
dynamic testing such :lS :l lhyroid-5timuluing ho r
mone (fSH) or thyrotro pin relcasi ng hormone 
(fRH) response tests m2y be indicated. Simul
t.1neous assessment o f serum total T, and thyroid-
5limubting hormone le\lds may also assist in th~ 
diagnosis of hypothyroidism (see Chapter J9). 

Plasm, Insulin &on&ent"Uon 

The demonstration o f an elevated plasm3 insulin 
le\,eI in the (;I,ce of hypoglycaemia, o r ;l,n inappro
priate insulin to glucose ratio may confirm the 
prescnce of an insulinom;a. O ther tests which may 
assis t in the diagnosis of an insulinoma includ~ 
imravenous glucose to lerance testing, abdomin31 
ultrasonography and ultimately exploratory 
laparotomy and biopsy. 

Ambulatory feG monitoring (Holter monitoring) 

Ind ications for Holrer monitoring incl udc a high 
index of suspicion that a dysrhythmia is con
tributing to the Collilpsing episodes 3nd the idemi 
fiC3tion o f 3 dysrhythmi:a o n ;I, routine ECG. 

The H olter monitor record ing can demonstrate 
the frequency and severity of the dysrhythmia 
over a longer period and may help establish 
whether the d ysrhythmi:l. is signific3nt, or requi res 
treatment. The wide range of no rmal, the inherent 
variilbility of ril le and the 'normal ' occurrence of 
occasional premature depobri7..atiolU in dogs 
make imerpretation o f the ambulatory ECG diffi
cult. Unless the animal collapses while wearing the 
device and the collapse is observ~d ;l,nd recorded 
on~ can n~\le r be cen :ain of the significance of the 
observed disturb3nces of rhythm. Ambulatory 
ECG recording is not practical in cats because of 
the size and weight of the equipment used and the 
lack of cooperatio n of most fdine patients. 
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Electromyogrlphy (EMGJ ,nd n,tre conducllon 
v,/ocltl,s 

Where a myopathy. neuropathy or myasthenia is 
suspeCted a rttording of the elcctrical activity of 
the muscles. measurement of nerve conduction 
velocities, and response of muscles to repetitive 
stimulation may help to demonstrate and localize 
the abnormality. 

Muscl, biopsy 

Histological cx<1min<1tion of a muscle biopsy may 
help demonstrate the pn"Sence of a myop;uhy or 

• • myosllls. 

I CONCLUSIONS 

Episodic weakness and collapse are common pre· 
seming signs in small animal practice and a vast 
number of underlying diseases may be responsi· 
ble for the collapsing episodes. C<1reful consider<1· 
tion of the history and elinical signs will often 
help to determine the underlying cause of the col· 
lapse and ind icate which diagnostic tesu are likely 
to prove the most inform:ltive. In a proportion 
of patienu who experience intermittem collapse 
the cause is nOt apparent even after det\li led 
evaluation. 
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Disturbances of Cardiac Rhythm 
A. Boswood 

Disrurbanc~s of cardiac rhythm occur in a variety 
of disease slates. Animals with cardiac rhythm 
disturbances (dysrhythmias) essentially fall into 
duce categories: 

I. Animals with a dysrhythmia but no clinical 
• sIgns; 

2. Animals with a dysrhythmia and clinical signs 
as a consequence of the rhythm disturbance; 

3. Animals with a dysrhythmia and clinical signs 
a.ssociat~ with an underlying disease which is 
also responsible for the devdopmcnt of the 
dysrhythmia. 

In o rder to rationally investigate a patient where a 
dysrhythmia has bttn detectro it is nuessary to 
understand the factors which give rise to the 
d~dopment of rhythm disturb;lncC's. 

I AETIOLOGY OF OYSRHYTHMIAS 

Any disturbance of the normal rhythm of the 
heart can be described as a dysrhythmia. 
Although it is ~yond th~ scop~ of this chapt~r to 
~ncer into a detailed discussion of the g~n~sis of 
dysrhythmias it is g~rmane to consider faetor:!i 
associated with their development. 

Normal cardiac rhythm depends on the regular 
gen~ration and normal co nduction of the cardiac 
depolarizatio n. The norm:ll p:lttern of c:lrdi:lc 
depoluization is for the sinoatrial node to depo
l ariz~ spontaneously. Th~ :ltrial myocardium. the 
:ltriov~ntricul:lr (A V) node and the ventricul:.r 
mYOC:lrdium subsequently d~polarize;u th~ w:.ve 
o f depolarization, initi:lled in th~ sinoatrial nod~, 
is conducted throughout the he:.n. Any factor 
which I ~:.ds to an abnormality of generation or 
conduction of the depol:lriz:ltion can predispose 
to the development of a rhythm disturbance. 
Mtth:.nisms of C2rdi:lc rhythm disturbances and 
examples of the resulting abnorm:ll rhythms arc 
provided in Table 29.1. 

r,bl.29.1 Mechanisms and examples of cardiac dySrhythmias 

Mechanism 

AbnormaUties 01 
lI.n.rallon 01 cardiac 
d.polarlZlllon 

Increased aulOfnaticity 

Failure 01 automaticity 

Abnormalltl.s of 
conduct ion of th. 
cardl,c d'pol'rilliion 

Conduction failure 
(block) 

Re-enrry 

h,mpl' 01 rtlythm dlS1urtlance 

Ventricular tachycardia 
Accelerated idioventricular 

rhythm 
Atrial tachycardia 
JunctiooallaChycardia 

Sinus arrest 

Atrioventricular block 
Sinoatrlat block 
Bundle branch blocks (oot strictly 

a dISturbance of rhythm) 

Organized re-entry Supraventricular tachycardiaS 
(WoII-Paoonson-Ylhite syodrome) 
Ventricular tachycardia 

Disorganized re·entry Atrial fibrillation 
Vet'ltrk;ular tibrillation 

Abnorm'flUes 01 ParasystOle 
slgn,l glneraUon and 
conduction 

In ord~r for th~ cardiac depolarization to be 
conducted normally the hean must ~ struc
turally no rm:.I, both microscopiC:llly :.nd macro
scopically. The hean must also have norm:.1 
m~tabolism both regionally and globally. Normal 
cardiac depolarization depends on the mainte
nance of normal intracdlular and ~xtracdlular ion 
concentrations. This is an energy-consuming 
process. As an illustration of how energy consum
ing this can be, it has been estimated that 25-28% 
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of the energy expended by a dog's heart, bening 
at a normal rate, is used to maint;ain normal ionic 
gradients within the heart_ The remainder of the 
energy utilized is predominantly expended during 
contraction and reluation. Any disease process 
that compromiscs cardi:ac met:abolism, or the pro
vision and utilization of metabolic substrates and 
oxygen to area.s of the hcart, will predispose to the 
development of dysrhythmias. 

As a rough guide the factors which are likely to 
lead to the development of rhythm disturbances 
can be considered under the following headings. 
Examples arc given in Table 29.2. 

I. J ntrinsic card iac disea.se 
'H . ~ . yponl 
3. Disturbances of autonomic tone 
4. Mctabolic or endocrinc disea.ses 
S. Mechanical disturbance to myocardial function 
6. Electrolyte and acid- basc disturb;mces 
7. Drug therapy. 

To some extent thcsc c;atcgories ovcrlap, howc\'er 
it is useful to consider them when faced with a 
patient with an unexplained dysrhythmia as it will 
a.ssis t in the invcstigation of the problem. 

Table 29.2 Polential causes 01 cardiac ctysrhythmlas 

Polentlal eause 01 
It'lrhythmtl 

2 HypoXiallschaemia 

3 Disturbances 01 
autcmomic tone 

4 MetaboliC or eJldotrine , ... '" 

5, M!CNnlcal dISturbance 
to myocardial tunctlOn 

6 Electrolyte disturbances 

7 01'\10 therapy 

Dilated tafdlO!ll')'Opathy 
HypeI1rOptllc cardiomyopathy 
Mitral msuffiaency _moo. 
Putmonary fibrosis 
laryngeal partlyslS 
Vascular disease IeadlllO to 
myocardlallnlafctlon 

Stress/anXIety 
IflCfeased Intl1cl1nlal pressure 

HyperthyroidlSlTl 
Hypoadreoocortictsm 

(Addison's drs'm) 
Phaeochromocytoma 

Thofacic trauma 
MyoI3rdltls 

HypefQlaemla 
Hypokalaemla 
HypocaJcaemla 

Digoxin 
DobLttamme 

• PATHOGENESIS OF OYSRHYTHMIAS 

Cardiac dysrhythmias usually result in clinical 
signs as a consequence of their ability 10 compro
mise cardiac output. Consider the simple physio
logical equation relating the cardiac output (CO), 
stroke volume (SV) and heart r:ate (HR): 

CO ,. SV)( HR 

Cardiac dysrh)'thmias dcrrease card iac outpUt 
either b)' dccreasing hean rate, or decreasing 
stroke \·olume. Heart ute will be low when the 
patient has a bradydysrhythmia (cudiac rhythm 
disturbance leading to ;1.0 abnormally low hean 
ratt). The stroke volume is often compromised 
when a tachydysrhythmi:a (cardiac rhythm distur
bance leading to an abnormally high hean rate) is 
present. At suffi ciently hiSh heart rates the length 
of diaslOle is shortened to the extent that stroke 
volume can fall . Despite the increa.se in heart rate, 
if diastole is compromised to a greater extent a 
drop in cardiac OUtpUt will result. Where cardiac 
output is reduced o\'er a prolonged period the 
efforu of the patient'S cardiovascular system 10 

compensate may result in elinical signs of conges
ti" e heart failure. 

The main concerns associated with a cudiac 
rhythm disturbance arc; 

• Why is this rhythm disturbance present? 
• Is this dysrhythmia resulting in compromised 

cardi:ac OUtpUt? 
• 15 this rhythm disturbance likely to progress to 

one more likely 10 adversely affect cudiac out 
put or to one which may be potentially fatal 
(i.e. vcntricular asystole or fibrillation)? 

• INVESTIGATION OF OYSRHYTHMIAS 

The diagnostic investigation of a patient with a 
dysrhythmia should im'oh'e confirmation of the 
existence of the dysrhythmia and thcn cV:llu:ltion 
of the patient for evidence of cardiac or extra
cardiac disease. 

I§~I HISTORY CHECKLIST 

A complete and det'aiJed history should be taken 
from cvcry animal in which a cardiac rhythm 
disturbance is detected or suspected. 



Q Age. breed. sex? 
Dysrhythmias may be a consequence of diseases 
likely to present in individuals of panicular ages. 
Congenital heart disease is more likely to give rise 
to clinical signs in young animals. Acq uired 
valvular disease is likely to occu r in older animals. 

Some breeds appear prone to particular rhythm 
disturbances, e.g. West H ighland white terriers, 
sinus node d ysfunction; German shepherd dogs, 
hereditary ventricular arrhythmias (in the US); 
springer spaniels, persisu~nt atrial standstill. 

Some diseases predisposing to :lrrhythmias 
occur with a greater frequency in a p:micular sex, 
e.g. dilated cardio myopathy in male Doberm:lnns. 

o Are clinical slgnl 01 cardiac dlnase present? 
It should be asceru.ined whether the owners have 
observed signs which could be attributed either to 
the presence of a dysrhythmia o r an underl ying 
cardiac disease. These would include signs of 
inadequate cardiac output such as exercise intoter· 
ance, weakness :lnd collapse, or signs o f conges· 
Uve heart failure such as dyspnoea, ascites or 
~ripheral oedema. 

o Has ttle anlmallhown Ilgnl 01 concurrent systemic 
disease? 

A wide variety of systemic dise:lses can predis
pose to the development of cardiac rhythm 
disturbances and therefore any abnormalities 
observed by the owners may provide an insight to 
the underlying aetiology. 

o Drug UterJPY? 
Some drugs used for the tre:ltment of card iac and 
non-cardiac diseue and anaesthetic agents have 
the potential to cause dysrhythmias and therefore 
any medication which the patient has received 
could be relevant. 

o HIIIOry 01 previoul dlseasel? 
Dysrhythmias may be a consequence of a pre\' i
ous disease process, e.g. p:lrvoviral myocardit is in 
young dogs doxo rubicin toxiciry following 
chemothenpy. Therefore a history o f recent ill
ness, even when the clinical signs are no longer 
present, may be relevant. 

l'i?tl PHYSICAL EXAMINATION 

A complete physical examination should be cu
ried out on any animal where a cardiac rhythm 
disturbance is suspected o r known to be present. 
Although emphasis is placed on the cardiov:l$cu-
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lar examination it is not in tend~ to suggest that 
this sho uld be concentrated on to the exclusion of 
other systems. 

The aims o f the physical exami nation arc to 
confirm the presence of a cardiac rhythm dis tur
bance (although :In intennittent dysrhythmia 
need not be present all the time) and to detect the 
existence of any cardiac or extracard iac disease 
which may have led to th e: development o f the 
dysrhythmia. 

a Cardiovascular system 
Careful examination of the cardiovascular system 
should be undertaken. Particular emphasis should 
be pl;!,ced on auscultation'ralpation of the femoral 
pulse and assessment 0 peripheral perfusio n. 
Often with intermittent rhythm disturbances pro
longed auscultation is necesS:lry to detect the dys
rhythmia and determine the frequency with which 
it is occurring. Simulta.neous palpation of the 
femonl pulse will enable the presence of a pulse 
deficit to be determi ned. O ften when a rhythm 
disturbance is present there is marked \'ariabilit'y 
in the quality of th e: femonl pulse with weak or 
undetectable pulses associated with ,"cry short 
interbe:lt intervals :lnd potentiation of the pulse 
strength occurring :lfter long diastolic pauses. 
Such pauses often follo w premature depolariza
tions (post-extrasystolic potentiation). 

When a rhythm dis turbance is present the clin
ician should attempt to decide if the rhythm dis· 
turbance is regular o r irregular. Some rhythm 
disturbances arc irregularly irregular, fo r example 
the chaotic hean sounds of atrial fibrillation; some 
rhythm disturbances arc regul:lr ly irregul:lr, for 
example ventricular bigeminy where the audible 
beats arise consistently in pairs. Some cardiac 
d ysrhythmias are very regular, for example the 
ventricular escape rhythm in third degree heart 
block. An attempt should be: made to describe the 
audible rhythm disturbance. 

Methodical auscultation ovcr all areas where 
the heart is audible sho uld e:n:lble the clinician to 

detect if there is any evidence of concu rrent struc
tunl cardiac disease whieh may be suggested by 
the presence of a munnur or a gallo p rhythm. A 
gallop rhythm may only be detectable during 
periods of regular cardiac rhythm; marked dys
rhythmia may preclude their detection. 

o Other systems 
The remaining body systems should be carefull y 
examined in an effort to detect the presence of :l 
systemic disease that may be initiating o r exacer
bating the deteeted d ysrhythmia. 
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I FURTHER INVESTIGATION 

Further im'estigation of a dysrhYlhmia should 
proceed in two stages. Firstly, every effort sho uld 
be made to document and diagnose the dysrhyth. 
mia; secondly, w here necessary, an altempt 
should be made to determine Ihe underlying cause 
of the rhythm disturbance. 

• The electrocardiogram 

An electrocardiogram (ECC) is an essent'ial part 
of the investigation and treatmelll of cardiac 
rhythm disturbances. Every e(forl should be 
made to oblain a good quality ECG which should 
include a period o f th(" rhythm disturbance. This 
should enable an accur.lIe d iagnosis of the dys
rhythmia to be made. A short guid(" to interpreta
tio n o f the ECG will b(" pro vided bUi for mor(" 
detai l the r("ader is referred to C hapter 34. 

The following questions should be asked when 
illlcrpreling an ECC: 

1. Is the ECC frce from anefact, within the con· 
fi nes of the ECC paper and calihr:ned for 
both paper speed and centimetres per milli· 
voll \'ert icall y? 

2. Whal is the heart rate? 
3. Is th("re a P wav(" for every QRS complex? If 

QRS complcllcs ari$c witho ut a pn.-ccding P 
wave this implies thai there was no o rganized 
atrial dcpo larizalion prior to ventricular 
depolarization. Thi$ will imply the presence 
o f: 

(a) at rial fibrill ation 
(b) at rial slandnill 
(c) ventricular d epolarization. 

Where an ectopic complex arises it should be 
determined whether the complex occurs car· 
lier than the nexi anticipated complex (i.e. is it 
premature?) o r later than the next anticipated 
complex where it may represent an escape 
complex. 

4. Is there a QRS complex for every P wa\'e? If a 
P wave is not fo llowed by a QRS complex it 
implies that there has been failure o f conduc· 
t io n of atrial depolarizatio n through the AV 
node. This is described as A V block: 

(;I.) First degree W) AV bloc k. There is 
prolonged conduction through the AV 
node but every P wave is conducted. 
This (("suits in a lo ng p. Q (or P-R) 
inler\'al on the EeG. 

(b) Seco nd degree (20) AV block. There is 
occasional failure of AV nodal conduc
l ion but most of the QRS complexes 
appe . .tr no rmal and supraventricular in 
origin (unless accompanied by ab("r· 
rant conduction). A variel), of types o f 
2° block occur. 

(c) Third degree (30) AV block is charac· 
lerizcd by complete fail ure of AV con· 
dunion . No P waves arc cond ucted to 
the ventricles and a lower pacemaker 
develops an escape rhythm. This is 
often a ventricular escape rhythm and 
is d escribed as an idioventricular 
rhythm. Although the rhythm is usu
ally regular it is often very slow at a 
rale of about 30-'40 beats per minute. 

5. Are the P waves all of the sanle configuration 
and are the Q RS complexes all of the same 
configuration ? Variation in configurntion of P 
waves may be normal and is described as a 
wandering pacemaker. Negative P waves in 
leads I, II or III arc usually abnormal and 
imply atrial ttlOpy. Q RS co mplexes may 
show variation due 10 occasional aberrant 
conductio n or cetopy. Where abnormal com· 
plexes exist it should be delermined if Ihey arc 
premature, or late relative to the next antici
pated normal depolarization. 

6. Are the P waves and Q RS complelles consis· 
tendy and reasonably related ? If Ihere arc reg
ular P waves and regular QRS complexes bUI 
they are not consistently rd:;lIed this may 
imply the presence o f AV dissociation. If they 
arc reasonably rclated then the rhYlhm is 
likely to be at rial and probably sinus in origin. 

7. 15 the heart rhythm regular o r irregular? Some 
irregularity can be no rmal, and some abnor
mal rhythms can be \'ery regular. Thcrefore 
regularity need not mean a normal rhythm 
and an irregular rhythm need nOI be abnor· 
mal. 

8. Are the QRS complexes narro w, or wide and 
bizarre? Supraventricular depolarizations 
usually lead to normal narrow QRS com· 
plellcs. Depolarizations that arise within thc 
ventricles typically lead to wide and bizarre 
QRS complexes. Occasionally supravemricu
lar complexes can appear wide and bizarre if 
they arc conducted aberrantly through the 
ventricle but in th is situatio n the Q RS com· 
plex may be preceded by a P wave and there is 
ohen a charactcristic panern to the Q RS 
complex. 

9. What is the mean electrical axis? 
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10. Wh;!.[ is the amplitude and duration of the P 
waves and QRS complexes? 

Recording an ECG over a greater period of time 
will increase the likelihood of capturing a period 
of the dysrhythmia. The other ad\';lnrage of 
prolong~ ECG r«ording is thai it allows the 
patient to relax during the period of recording 
thereby reducing stress :md :1nxicry. Suess and 
anxiety arc associated with sympathetic stimula
tion and catecholamine release which can have a 
considerable influence on c3rdiac rhythm and 
possibly provide an erroneous impression of the 
frequency and severity of the deu~ct«l. rhylhm 
disturbance. 

Methods of recording a prolonged ECG 
include the following: 

• Prolonged recording with a normal 'paper
trace' EeG. Instc:l.d of recording a shan 
rhythm strip a more prolonged recording for 5 
or to min may be useful. This generales a 1m of 
paper hut Ihis problem can be minimized by 
slowing the paper recording speed. 

• Monitoring an oscilloscope trace. The patient 
can be hospitali:z.ed and kennelled for this and 
may therefore be more relaxed than when man
ually restrained for a tradition.11 ECG. The dis
advantage is th.1t the oscilloscope has to be 
watched continuously and some animals will 
not tolerate prolonged connection to ECG 
leads. Not all monitors enable a 'hard copy' of 
the ECG to be obtained. Some monitors record 
a period of the mOst recently elapsed ECG 
and therefore if a period of dysrhythmia is 
observed during this time it may be possible to 
review this and print it OUt. 

• Holter monitoring, a technique by which the 
ECG is recorded over a 24 h period OntO a lape 
which is then 'de-coded' by a dedicated com
puter (some hospit.1ls offer .1 commercial 
decoding service). This is the ideal method of 
recording an ECG over a prolonged period 
and, as Ihe patient is in its normal environment, 
provides the mOSt aecul"1lte impression of the 
patient 's cardiac rhythm without the influence 
of sympathetic stimulation. The disadvantages 
of the technique are th.1t it requires specialized 
and expensive equipment and is nOt practical in 
small dogs and cats because of the si:z.c of the 
recording I:quipment. 

Attempts to document dysrhythmias can prove 
frustr:uing in animals where they arc intermittent 
and infrequent. Funher evaluation of the patient 
without knowledge of the underlying rhythm 
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disturbance is rarely helpful and treatment of a 
patient with a dysrhythmia without an accurate 
rhythm di.1gnosis may be harmful. 

When a rhythm diagnosis has been reached the 
significance of th.: dysrhythmia and the n.1tur.: of 
the underlying dise~s should be considered. 
Some cardiac rhythm disturb'lDc,:s are more fre
qu.:ntly associat.:d with syst.:mic disease (e.g. ven
tricular tachycardia) wher.:as others ar.: almost 
always indicative of intrinsic cardiac disease (e.g. 
atrial fibrilbtion in dogs and cats). 

Some benign cardiac dyuhythmias may require 
no further investigation. Examples of this include 
sinus bradycardia, second degr.:.: AV block, 
sinoatrial block a.nd sinus arrest in indi\·jduals 
who ar.: showing no other clinical signs. These 
represent 'physiological' dysrhythmias reflecting 
increased vagal tone :md are therefore often of no 
clinical significance. 

For a more detailed account of which dys
rhythmias arc associated with which diseases the 
reader is referred to Chatper 34. 

Further investigation is recom mcnded if: 

• th.:r.: are clinical signs present which may b.: a 
direct consequ.:nc.: o f the dysrhythmia; 

• it is possible that the dysrhythmia r.:pres.:nts a 
manifestation of a significant underlying disusc; 

• the patient has abnormalities on clinical exami
nauo n oth.:r than those d irectly usociated wilh 
the dysrhythmia. 

When the dysrhythmia is the primary abnormal
ity dctC'Cted, further inv.:5tigation should consist 
of a series of tests to evaluate the patient for evi
dence o f discu.:s listed in Tabl.: 29.2). Where 
problems suggesting involvement of othcr organ 
systems have been identified then specific investi
gation of those problems is recommended. The 
reader is referred to the appropriate ehaplers of 
this textbook. 

When intrinsic cardiac disease is suspected this 
can be investigated further with the use of the 
following diagnostic aids. 

• Thoracic radiography 

This should enable assessment of the cardiac sil
houette, pulmonary vasculature and pulmonary 
par.:nchyma to detect the presence of cardiac o r 
respiratory discu.:. 

• Echocardiography 

When a pati.:nt presents with a cardiac dysrhyth-
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mia o f unknown aetiology, whether or not there 
is other evidence of cardiac disease on physical 
examination, echocardiography may help w 
demonstrate a structural o r functional .. bnormal
ity indicative of the underlying cause. 

• Tests for extracardiac disease 

To investigate for the prescnC(' of extraeardiac dis
ease which may be influcncing thc cardiac rhythm 
the fo llowing tests may be indicated. 

• H aemawlogy and biochemistry profiles and 
urin31ysis 3rc helpful for rul ing out concurrent 
systemic disease. Of paniculu importance is 
the assessment of electrolytes, especially POl;ts

sium, calcium 3nd magnesium. 
• Abdominal radiography and ultrasonography 

are used to determine if thcre is any significant 
imra-abdominal d ise~e present. Examples of 
intra-abdominal diseases that can result in 
dysrhythmias include splenic neoplasia, gastric 
d ilal31io n volvulus 3nd acute pancreatitis. 

• Anerial blood gas analysis and/or pulse 
oximetry 3re used to determine the presence of 
hypoxia or acid/ base d istu rbances. 

• Serology to detect evidence of infectious disease 
that may affect the hean, e.g. Borrelia burg
dor/en (Lyme d isease), Toxoplasma gondii, 
Neospora cani,mm 3nd, in imponed dogs, 
Trypanosoma spp. and Dirofilaria ;mmit;s. 

• Specialized tests 

Where a dysrhythmia appears to be a primary 
problem, i.e. it is not associated with detectable 
systemic or structural card iac disease, the aetiol
ogy 3nd mechanism of the dysrhythmia can be 
investigated fu n her with more spct:ialized testing. 

Alroplne response lesl 

This can be used to determine the influence o f the 
parasympathetic nervous system in the aetiology 
of some dysrhythmias. Various prOlocols are 
described. The author recommends 0.03 mg kg-' 
of atropine administered intramuscularly with an 
ECG recorded before and 45 min after adminis
tration. The normal response to atropine is the 
development of sinus t3chycardia. If a bl.ldydys
rhythmia reso lves after administration of atropine 
this suggests Ih3t a physiological or pathological 
incrtase in vag2! tone is responsible for the 
o bserved dysrhythmia. The atropine response test 

is only indicated for the investigation of brady· 
dysrhythmias. 

Response 10 lIagal manoeuvrtl and 
anI/dysrhythmic therapy 

The determination of the mechanism of certain 
supraventricular tachycardias C3n be assisted by 
temporarily inhibit ing AV nodal conduction 
whilst recording an EeG. This can result in 
unconducted P wa\'es in cases o f at ri31 tachycar
dias and can resuit in termination of the dysrhyth· 
mia in individuals with re-entrant dysrhythmia5 
involving the AV node in their pathway. 
Atrioventricular nodal conduction can be inhib
ited by increasing parasympathetic tone by carry
ing out 3 vagal manoeuvre such as massaging the 
carotid sinus or applying pressure 10 the eyes 
(with the eyelids closed). Drugs such as esmolol 
can be used to temporarily inhibit AV nodal 
conduction . 

Manoeuvres affecting A V nodal conduction 
and parasympathetic tone arc unlikely to result 
in any alteration in \·entricular rhythm distur
bances. 

Electrophysiology 

Recording electrical potentials and providing 
programmed stimuli at various endocardial sites 
within the cardiac chambers is used extensively in 
people, and has been used oceuionally in animals. 
to determine the origin and mechanism of 
supraventricular and ventricular rhythm distur
bances. 

I MANAGEMENT 

The management of patients with dysrhythmiu 
depends on a number of considerations. 

• Where the dysrhythmia is associated with 
cli nical signs of compromised cardiac output o r 
congestion. or it is fclt th:n the dysrhythmia 
may progress to a life-threatening rhythm 
disturbance, the dysrhythmia requires appro
priate treatment as a primary problem . 

• Where the d}'srhythmia is associated with an 
underlying disease the most appropriate course 
of action is to treat the underlying d isease and 
monitor the dysrhythmia. If the underlying 
disease is successfully managed the dysrhyth
mi3 may well resolve. 
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• Wh~r~ a dysrhythmia is pres~nt but 

(a) is not associa.t~ with clinical signs of 
c~mpromisW. cardiac output or cong~s
uon, or 

(b) is consid~r~d unlikcly to progress to a 
l i f~·thrcatcning rhythm disturbance, or 

(c) th~r~ is no detectabl~ und~r1ying disuse, 
or th~ und~rlying dis~as~ is eith~r untr~at 
abl~ or does not require treatm~nt, 

th~ dysrhythmia can ~ left untN!:ued and r~
eva1uat~ at regular int~rvals for ~vid~nc~ of 
progrCS5ion or spontaneous resolution. 
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I CONCLUSIONS 

Th~ presence of a dysrhythmia is often an indica
tor of th~ pr~s~nc~ of an und~rlying dis~asc. As 
such. the: inve:stig:uion of a patient with a dys
rhythmia involves an accur.H~ diagnosis of cardiac 
rhythm follow~d by a thorough evaluation (or 
evidence of und~rlying cardiac and non-cardiac 
diseases. TrcOitment of dysrhythmias should only 
be considcr~ after accurate ECG diagnosis of the 
dysrhythmia and in the light of th~ primary disease 
process responsible for th~ rhythm disturbance. 
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Ataxia 
J.K.Dunn 

Ataxia represents a failure of muscular coordina
tion resulting from disruption of sensory path
ways. This lack of coordinated movement mayor 
may no t be accompanied by other neurological or 
neuromuscular signs such as paresis, spasticity or 
other involuntary movements depending on the 
nature and location o f the neurological lesion. 
With truncal ataxia there is an uncontrollable 
swaying of the body and uncoordinated limb 
movement. Animals will frequently adopt a wide:
based siance when standing or wi ll cross their legs 
when aucmpting to w31k. 

I PATHOPHYSIOLOGY AND 
CLASSIFICATION OF ATAXIA 

Ataxia may be caused by lesions involving the 
cerebellum, \'cstibular system or proprioceptive 
pathways :U\d is :l sign of specific sensory dys
function. The differentialing features and major 
causes of cerebellar and vestibular ataxia :tre di s+ 
cussed below. Sensory ataxia (loss of propriocep+ 
tion) is usually associated with motor deficits and 
is therefore discussed separately in C hapter 31. 
The reader is referred (0 C hapter 42 for a more 
detailed discussion of speci fi c diseascs which can 
cause ataxia. 

I CEREBELLAR ATAXIA 

The main fun ction of the cerebellum is 10 coordi+ 
nate aClh·ity of muscle groups thereby ensuring 
that movements arc smooth and accurate. The 
cerebellum, with the vestibular system, is also 
responsible for the maintenance o f normal 
balanced posture. 

A diagnosis of cerebellar disease is usually 
based on the clinical signs. Similarly, it is usually 
possible to differentiate cerebellar ataxi.a from the 
vestibular and sensory forms. The signalment and 
history may help determine the aetiology (sec 
T ablc 30. 1 for causes of cerebellar ataxia). 

Tibia 30.1 causes of cerebellar disease 

• Congenital cerebellar hypoplasia (Irish setters, wire-
haired fox terriers, samoyeds, beagles and Labradors) 

• Feline panleukopenia virus In fectIOn 
• Herpes ViruS infection (puppies) 
• Cerebellar neuronal abiotrophy 
• lysOSOmal storage diseases 
• Infection (viral, bacterial, protozoal, fungal) 
• Trauma 
• Neoplasia 

I INVESTIGATION OF CEREBELLAR 
ATAXIA 

I §~I HISTORY CHECKLIST 

Consider the breed and .age of .animal; an animal 
with a congenital cerebellar defect may be 
e:oc: pected to show signs as soon as it becomes 
ambulatory and certainly before six months o f 
age. An infectious or neoplastic cause is morc 
likely in I n older animal. 

1",1 PHYSICAL EXAMINATION 

A full physical examination should be fo llowed 
by a deuiled neurological examination. 
Cerebell.ar disease is characterized by incoordi+ 
nared movement of the head, neck and all four 
limbs. The ataxia in most eases will be symmetri+ 
cal. The lnimal appears dysmctric (usually hyper+ 
metric) and tends to adopt a wide-based stance. A 
fine held tremor or more obvio us bobbing of the 
head will be apparent which becomes noticeably 
worse when the animal altempts to initiate a sp~+ 
cifi e !.ask such as eating o r drinking (hence the 
term intention tremor). In addition, anima.ls with 
cerebellar disease have difficulty in judging dis+ 
tances which makes simple tasks such as drinking 
and eating difficult if not impossible. Involvement 



of the anterior lo~ of the cerebdlum may result 
in incrased extensor lone or even opisthotonus. 
The lack of coordination may nuse the animal 10 

fall over espttially when performing a manoeuvre 
r~uiring any degree of precision. Partsi" is not ;I 
feature of cerebellar disease {i.e. limb strength is 
preserved} and conscious proprioception. senu
tion and spiruJ ~flcxct are normal. A fine tremor 
of the eyeballs may also be evident; this should 
not be confused with true nysu.gmus since there 
are no discrete slow and fast components (see 
vestibul;u :ataxia). With KVcre cerebellar d isease 
the menace response may be decrcued or absent. 

I INITIAL DIAGNOSTIC PLAN 

Routine haematological and biochemical screens 
are nrdy helpful in establishing the cause. 
Cerebrospinal fluid (CSF) analysis may confirm 
active inf«tion o r occasionally neoplasia. A mag· 
netic resonance imaging (MRI) scan provides the 
most reliable means of confirming the presence of 
a space occupying lesion. The thiekness o f the 
bone surrounding the caudal fossa makes inter
pretation o f computerized axial tomography 
(CA 1') scans of the cerebellum difficult, especially 
in cats. In fJiw a5KSSment of cerebellar degenera
tion generally relies o n clinical signs and ruling 
out other causes. 

I VESTIBULAR ATAXIA 

The asymmetrical ataxia which is a feature of 
vestibular disease is associated with clinical signs 
which constitute a vestibular syndrome, i.c. head 
tilt, circling, rolling or loss of balance and nystag
mus. How many o f these signs develop depends 
on the severity of the vestibular deficit. 

Vestibular dysfun ction may be peripheral or 
central in origin. The peripheral vestibu lar system 
consists o f the inner en receptors and the \·es tibu· 
Jar nerve (the vestibular branch of the eighth 
cranial nerve) which leaves the internal accoustic 
meatus to COler the brainstem at the junction of 
pons and medulla. The central vestibular Struc
tures include the brainstem vestibular nuclei and 
the fl occulonodular lobe o f the cerebellum. The 
ve.nibular nuclei arc arranged in four groups (ros· 
tral, medial, latl~ ral and caudal groups). Axoru 
from the vestibular nucla extend rostra lly in the 
medial longitudinal fasciculus and synapse in the 
nuclei o f the cranial nerves which ennervate the 
muscles controlling eyeball position and move-
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ment, i.c. 1I1 (oculo motor), IV (trochlear) and VI 
(abducens). O ther axons project 10 the cerebellum 
(via cen:bc1lar peduncles). The vestibular system, 
with the cerebellum, is responsible for mainuin
ing balance and coordination of mo\'ement. 

I Palhophyslology and clinical signs 01 
vesllbular dysfunction 

Htad tilt ,nd ,/"lIng 

The head tilt and dir«tion of circling arc generall y 
towards the same side as the lesion with the excep
tion of paradoxical \'est-ibular syndrome (sec 
below). Middle car lesions on thei r own may cause 
a head tilt; aff«tcd ;mim;tls show no othcr signs of 
vestibular imbalance unless there is extension to 
the inner car. So me focal forebrain lesions may 
product' lateral devi;ttion of the head and circling. 

Nysllllmus 

Vestibular nys[;lgmus occurs in normal animals in 
response to mov~ment of the head ;tnd must be 
differentiated from the sp0nl:tneous ny.sr;tgm us 
which is ind icativc o f vestibular disease. Lateral 
movemcnt of the head in a normal animal rcsu its 
in horizontal nystagmus. The ~ycs first de\' iate 
slowly away from the direction in which the head 
is turning (slow phasc) and thcn quickly flick back 
in the d irection the hcad is moving (fast phase). 
Similarly if the head is moved upwards vertical 
nystagmus occurs wi th the fast phase upwards. 

Vestibular disease results in spontaneous 
nystagmus ;tnd the fast phase is gen~rally directed 
away from the side with the lesion i.c. the less 
active side. With peripheral vestibul;tr lesions 
involving either the semicircular canals o r the 
vestibular nervc the nyst;tgmus is o ften hori7.ontal 
or rotalOry; spontaneous venieal nystagmus or 
nystagmus which ch;tnges d in."Ction with different 
head positions usually indicates a central vestibu· 
lar lesion involving the veslibular nudei o r the 
floccu lonodular lobe of the cerebellum. 

Positio nal strabismus may also be seen with 
v~slibular disea$~ and reflects the influence o f a 
vestibular imbalance o n the function of cranial 
ner"cs III, IV and VI. If the hcad is straightened 
and the nose is elevated there is downward devi;t· 
tion (ventral strabismus) of the eyeball on the 
affected side. 

Paresis (hlm/p,res/s) 

With peripheral \'cstibular disease, supt'rfic ial and 
dcep sensation and spinal reflcxcs in the limbs are 
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intact. Evidence of sensory deficits or motor 
dysfunction indicates the presence of a central 
vestibular lesion. Axons from the vestibular nuclei 
extend to the spinal cord via the vestibulospinal 
tract and descending medial longitudinal fascicu
lus. The vestibulospinal tract axons synapse on the 
internuncial neurones in the ventral grey matter 
which are exciutory for the ipsilateral extensor 
muscles and inhibitory for the contralateral exten· 
sors. A left ·sided vestibular lesion may therefore 
result in an ipsilateral increase and a contralateral 
decre:l.5e in extensor muscle tone. Hence the ani· 
mal will tend to fall or lean towards the same side 
as the head lilt and the: direction of circling. 
Occasionally with central vestibular lesions (espe
cially with lesions involving the caudal cerebellar 
peduncle) signs such as the head tilt and the direc
tion of circling are directed away from the side 
with the lesion (paradoxical vestibular syndrome). 

Vomlling 

Some of the :!.xons from the vestibular nuclei 
extend to the reticular formation and the vomiting 
centre. Animals with acute severe signs of vestibu
lar imbalance may therefore vomit or show other 
signs of motion sickness (nausea, salivation etc.). 

Cranial nerve deficits 

The facial nerve (VII) and sympathetic nerve fib res 
pass through the middle ear hence it is not uncom
mon for animals with peripheral vestibular signs 

associated with middle or inner e:!.t disease to have 
unilateral facial nerve p:!.t:!.lysis or Horner's 
syndrome. The latter is characterized by miosis, 
ptosis and enophth:!.lmos. Facial nern paralysis 
results in an inability to move the eyelid or lip on 
the affected side. The lip therefore droops and the 
nose tends 10 deviate :!.way from the affected side. 
If the branches of the nerve which supply the 
salivary glands are in\'olved the oral mucous 
membranes may appear dry. The involvement of 
cranial nerves in addition to the faci:!.l and vestibu
I:!.r nerves indic:Hes the presence of a central lesion, 
e.g. a tumour at the cerebellomcdu llary angle may 
result in trigeminal nerve deficits (masseter :!.nd 
temporal muscle atrophy and a loss of facial sen
sation). The presence of medial strabismus and 
inability to retract the eyeball indicates involve· 
melll of the abducens nerve (VI ). 

• Investigation of vestibular dlsea .. 

A diagnosis of vestibular disease may be based on 
the clinical signs. A good history may help 
differenti:!.te peripheral vestibular from central 
vestibular disease. Clearly this is important si nce 
peripheral vestibular disease generally carries a 
more favourable prognosis. The differentiating 
features are summarized in Table 30.2 and :!.re also 
discussed in Chapter 42. The numerous causes of 
central and peripheral vestibular disease arc given 
in Table lO .. l 

lIble 30.2 Oitferentiatil"lg features of peripheral and central vestibular dysfunction 

Clinical abnormality 

Nys1aQmus 

Extensor tone 

Hemlparesls and/or 
proprioceptive or postural 
deficits 

Cranial IlelVe deficits 

Other eNS signs, e.g. 
betlavloural ctlanoes, 
seizures 

Peripheral 'Iflstibullr syndrome 

Usually horilOl1tal: occasionally rotatory 

Normal 

Absent 

Faclal neNe (VII) paralysis or Homer's 
syodrOffie (disruption 01 sympathetic 
libres): ~ dealness with congenital 
vestibular disease 

-"' 

SUlpec1 cenlnl Yflslibullr lellan 

May be vertical or changes direction With dillerent 
head JIOsilions 

Decreased on side With lesion: mereased on 
con tralateral Side 

Present (usually Ipsllateral twlmiparesis.t postural 01 
proprioceptIVe deficits): occasionally signs of 
cerebellar involvement 

Involvement of any other cranial nelVe. ego 
bigeminal (V) or abducens (VI) In addlUon to VII 

Occasionally present 

Note: An animal with bilateral vestibular disease may present with symmetrical ataxia and no nystagmus. 
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Table 30.3 Causes of peripheral and central vestibular disease 

Peripheral 
Congenital vestibular disease (German SIlephelds. 
Doberman pinschers. beagles. Siamese and Burmese cats) 
Otitis media/lllterna; extenSion of middle ear disease to the 
Inner ear 
Ototoxic drugs (streptomycin, I\eOm)'tin, gentamycln. 
kanamycin) 
Trauma 
Neoplasia 

Cenlral 
Granulomatous meningoencephalitIS 
Encepl'lalltis (viral. bacterial or fungal) 
Trauma 
Neoplasia 
ThIamine delidency (cats fed an alHish diet) 
Cerebrovascular disease (rare) 

Mlstellaneolll (aetiology uncertain) 
Idiopathic vestibular syndrome (cats) 
Canine genahic vestibular syndrome (probably penpheral 
vestibular disease) 

I§~I HISTORY CHECKLIST 

o Breed and age? 
Congenital vestibular disorders occur in German 
shepherds, Doberman pinschers, beagles, Siamese 
and Burmese cau; affected animals may also be 
deaf, Check if similar problems in any of the liucr 
mates. 

Vaccination status? 

o HIstory 01 previous IIr infections, chronic 
tonsillitis or pharyngitis? 

o Trauma? 

o Admlnlstrallon 01 ototollc drugs (streptomycin, 
neomycin, gentamycln , kanamyCin)? 

o Other CNS signs present? 

l'i?tl PHYSICAL EXAMINATION 

A full ph)·sic:tl examination should include :tn 
otoscopic examination of both ears and palp:ltion 
of the osseous bullae. This should be followed by 
a detailed neurological examination to determine 
whethcr the vestibular signs arc periphel';1l or een· 
u -:\l in origin (see Table 30.2). The answers to the 
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following questions will help identify the location 
of the lesion. 

o Direction 01 head tilt and circling? 
A lefHided lesion should cause a he:td tilt to the 
left and the animal should ci rcle in the same direc· 
tion (see paradoxical vestibular syndrome for the 
exccption to this rule). With acute severc \·estibu· 
lar deficits the animal may continuously roll over 
towards side of lesion. 

o Nystagmus? 
tf spontaneous nystagmus is present, ascertain 
whether it is horizontal, vertical or rotatory; the 
fast component is directed away from the lesion. 
Positional strabismus may be seen with both 
vestibular and peripheral vestibular lesions. 

o Evidence 01 motor dysfunctIon or sensory alaxla? 
Chttk postural reflexes (hopping and placing 
reflexes) and proprioceptio n. Suspect a central 
lesion if conscious proprioceptive deficit or hemi· 
paresis is evident. 

Serial neurological examinations may be 
required to accul';1tdy assess the prognosis. 
Ahhough acute vestibular syndromes (e.g. geri· 
atric vestibular syndrome) may present with 
particularly severe deficits initially, animals may 
be expected to improve rapidly. 

I INITIAL DIAGNOSTIC PLAN 

• Routine haematological and biochemical screens 
rarely provide much diagnostic information. 

• Radiograph the tympanic bullae (ventrodorsal, 
left and right lateral oblique, and open mouth 
projections). Tympanic bulla radiography has 
been largely superseded by MRI and CAT 
scans which provide greater information. In 
cases where advanced imaging is being consid· 
ered then bulla I';1diography is unnecessary. 

• CSF analysis; submit for cytological examina· 
lion and protein content; one or both parame· 
ters may be increased with infectious or 
neoplastic central vestibular lesions. 

• CAT scan or MRl. 
• Caloric testing. The extern:tl e:tr canal is irri· 

gated with ice cold or hot water. With cold 
water, horizo ntal nystagmus should develop 
with the fast component directed away from 
the ear being tested; with hot water, the fast 
component is towards the ear being tested. A 
lack of response to caloric tcsting indicates :t 
lesion on that side. 
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Paresis and Paralysis 

J. K. Dunn 

Before d iscussing the d iagnostic approach for ani
mals with signs of sensory and motor dysfu nction 
it is pertinent to define several terms: 

• Ptlres;s describes the deficit(s) of voluntary 
movement associated with partial motor paul. 
ysis which may occur in onc or morc limbs. 
Paresis presents as muscular weakness which 
must be d iffcrcruiatcd from ataxia. 

• P1egia is the term used to describe complete 
voluntary motor paralysis ;n one or more 
limbs. 

Paresis and paralysis may be accompanied by scn
sory defie,its within the affected limb depending 
upon the cauutive pathology. The distribution of 
the fun ctional dencits forms the basis for further 
classification: 

• Monoplegia/paresn is used to describe paralysis 
or paresis aff~cti ng a s ingl ~ limb. 

• Paraplegia/pa resis is used to describe p:l.f:l lysis 
or paresis affecting the hindlimbs. 

• Hemiplegia/paresis is used 10 describe paralysis 
or paresis ;affecting both limbs on one side o f 
the body. 

• Qlwdn"p/egialparesis is used 10 describe p;araly
sis o r paresis affecting all four limbs. 

• Proprioception is position sense, i.e. the ;l.bility 
o f ;l.n ;anim;al to recognize the position and 
movement of the limbs in relation 10 the rest of 
the body. 

• Ataxia is;l. disruption in co-ordinated muscular 
activity produced by ;I. disturbance in proprio
ceptive info rmation. 

LOCALIZATION OF LESIONS 
RESPONSIBLE FOR PARESIS AND 
PARALYSIS 

The nature and distribution of [he motor deficits 
usually allow the location of the C;l.usat;ve lesion 
to be identified. The nature of the defici ts and 

Site 
foI'elimbs 
HIndlimbs 

f lQure 31 .1 Segmental localization of lesions in the 
central nervous system. 

associated clinical signs allow the lesions to be dif
ferentiated into signs of upper motor neurone 
(UMN) o r lower motor neurone (LMN) damage 
(see C hapter 42). LMN paresis/ paralysis is sug
gestive of ;a lesion wi thin the peripheral nerves 
supplying the affecled limb(s) o r Ihe cenlnl grey 
m;auer in which those nerves originate. UMN 
paresis/paralysis is suggestive of a lesion within 
the C NS cranial to the grey matter in which the 
peripheral nerve outflow to the affected limb(s) is 
located (figure 31.1 ). It is imponant 10 remember 
that the spinal le\·cl refers to the spin;al cord grey 
matter segment which docs nOI always coincide 
with the vertebra with the same notation. 

I PATHOLOGICAL LESIONS CAUSING 
PARESIS AND PARALYSIS 

A wide range of pathological processes within 
thc nervo us system can be associated with pare
sis/paralysis (see C haplcr 42): 

• Transection 
• Static compressio n 
• D ynamic compression 
• Concussion 
• Degeneration 
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• Vascular disease 
• Infection 
• InOamm:a ion 
• Neoplasia (pri mary or secondary). 

In many innances mor~ than on~ of th~5~ patho
logical proc~~s will ~ occurring concurr~ntly, 
i.~. int~rvC'rtC'bra1 disc prolapse will result in both 
concussivC' :u1d static comprC'ssivC' insult to thC' 
ovC'rlying spinal cord. 

I INVESTIGATION OF PARESIS ANO 
PARALYSIS 

The investigation of all cases of paralysis or pare
sis is similar. The initial examination should aim 
to define the lesion to a single region of the neuro
muscular system, either :I. singlC' spinal segment, 
the peripheral nervous system, or to multifocal 
sites. This :l. llows the appropriate ad\'anced diag
nostic tests to bC' performed. 

I§~I HISTORY CHECKLIST 

o Ale Ind breed? 
SpC'cific cong~nital spin:l.l cord or vC' rtebral 
abnormalities occur in cC' rtain breeds, e.g. spinal 
dysraphism in weim~ranC'rs :l.nd hemivertC'bn.e in 
English bulldogs. Distem~r myditis is more 
likdy in a young animal; degenerative or neo
plastic procC'Sses :tre more common in older 
animals. Larger breeds arc morC' susceptible to 
fibroc:milaginous emboli. Imervertebr:l. l disc 
disease occurs more commonly in dachshu nds, 
cocker spanid s, ~agles :l.nd Jack Russell terriers. 
Degenerative myd opathy (OM ) occurs particu
luly in GC'rm:l.n shC'phC' rds older th:m 5 years of 
:l.ge. Atlantoaxi :l. l sublux:l.tion occurs most fre
quently in toy breed dogs and, in such breeds of 
dog, :I. history of signs :l.ttributable to an upper 
cervical lesion should :l.len th~ clinician to the 
degree of care needed in handling these dogs 
during examination until this diagnosis has been 
ruled O UI . 

o Acul. onlll or Insidious I nd Ilowly progressl,.? 
An acute onset is more consistent with tr.Iuma, 
acute (H:u1sen Ty~ I) intervertebral disc protru
sion or fi brocartilaginous emboli. A chronic 
course is more typical of inO:l.mmatory lesions. 
Hansen Ty~ II interv C' rtebral disc protrusion, 
OM or neoplastic lesions. 
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o DIfficulty lumping or climbIng It.lrs? 
This may indicate spin:l.l p:l.in associ:l. ted with inter
vertebr:l.l disc protrusion, discospondylitis, spinal 
cord tumour or tr.luma, e.g. a fr.lctured v~rtebra. 

o Difficulty mOl'lng nick? 
Cerviul spinal pain is often usociated with 
'guarding' of thC' neck, :I. low head a rriage and 
rductance 10 lower the h~ad for eating or drink
ing. Cerv;c:l.1 spinal pain can ~ associated with 
cervini intervertebral disc protrusion, disco
spondylitis, :l.tl:tntoaxi:l.l sublux:l. tion. cen'ical 
spinal cord tumour, polymyositis or meningitis. 

o Evldlnce of forillmb In,olvtment? 
Confi rm with neurological eumination (see below). 

o Evld.ncil of systemic dlstl .. or olher CNS Ilgnl? 
Consider distemper myelitis, toxicities, infec tious 
or metabolic diseue. 

o Abdomlnll dlIComfort/SplRlI pl ln? 
Spinal pain will often present with signs of 
abdominal guarding which should be differenti
ated from :l.bdominal pain by careful palpation 
and observation, Pain on rising on the hindlimbs 
or jumping is often associated with :I. lesion affect
ing the lumbosacr.ll spinal cord. 

o Conlinenl? 
Bladder and bowel function arc controlled by 
nerves origin:l.ting within the sacral spinal nerve 
roots. Different i:l.tion ~lwC'en UMN and LMN 
bladderdysfunclion will help in lesion localiu tion 
(Sec Chapter 22). 

o Tall iunctlon? 
Tail c:lITiag~ :l.nd function c:l.n provide :I. useful 
indication of lesion localization. 

n. PHYSICAL ANO NEUROLOGICAL 
IV EXAMINATIONS 

The main aim of:l det:l.i1ed neurologic:d e":lmi n:l.
tion i5 fi rn ly to localize the: lesion to a specific 
level of the spinal cord, and secondly to USeS! the 
severity of spinal cord or nerve rOOI involvement 
in order 10 provide the owner with :lS accurate :I. 

prognosis as poS!ible. 

• Quad,lpa,osls/plegla 

Single focal lesions producing symptoms in all 
four limbs mUSt be located cranial to or within the 

ad Q 



238 I PROBLEM-ORIENTED MEDICINE 

cen'ical outflow of thc spinal cord. Lesions pro
ducing these signs arc summarized in Table 31.1 . 

• Hamlparasls/plagla 

Lesions affecting only one sidc of the body are 
ret:l.livety rarc. Whilst traumatic lesions can pro
duce hemiparesis, this is more usually seen with 
ncopl:lStic, vascular and intracraniallcsions. 

T.ble 31 .1 Disorders whiCh cause quadriparesis/pleola 

Degenerative/developmental 
'Wobbler' syndrome (Dobermann. rottweiler, great Dane) 
InteMrtebral dISC dISease 
Alia lit oaxla I subl Ulcallon/ClCClp!1 oatlanlDaXlaI 

maUormation 
Ascending or descendlno myelomalacia 
Dural ossification 
Dermoid sinus (Rhodesian rldgebaek) 
Demyelinatino diseases 
Storage diseases 
Multiple carlilagenous exostoses 
Subarachnoid cyst 
Hereditary myelopathy of Afghans 

Inflammatory Of Infectious 
Memngl!ls 
DiScospondytitis 
DIStemper myefltis 
Rabies 
ToxoplasmOSIS 
NeosporO$is 
Systemic mycoses 
AbSCessation 
Feline Infectious pentomtis (non-eHuslY! form) 
Granulomatous menlngoencePhalomyelitlS 

Trauma 
Fractured vertebra 
Vertebral subluxatIOn 

Neoplasia 
Primary spinal cord tumours may be intramedullary 

(astrocytoma. ependymoma, glioma) or 
extramedullary (neurotibroma or 
I'leurofibrosarcoma. meningioma) 

Nerve root tumours (sChwan noma) 
Metastatic lumours can involve a vertebral body (e.g. 

mammary adenocarCinoma. prostatic cardnoma. 
haemangiosarcoma. multiple myeloma) or epidural 
space (lymphoma, especially In cats) 

Vascular 
Fiblocartllaginous embolus 
Spontaneous spiflal cord haemorrflage (rare) 

Nutritional 
HypeMlamll\oSlS A (cats) 

• Paraparasis/plaula 

True paraparesis is produced by lesions caudal 
to the cervical outflow tracts. Due to the: 
peripheral location o f spinal tracts 10 the pelvic 
limbs, howe:\'cr, thc clinical signs attributable to 
cervical spinal lesio ns may be more severe in the 
forelimbs, i.c. 'wobbler' syndrome. In such 

Tabl,31 .2 Disorders whiCh cause paraparesisJpleola 

Degenerative 
Acute Type I interverlebral diSC protrusion 

Ascending 01 descending myelomalacia 

Chronic Type 2 inteM!rtebral disc protruslon 
Deoenerallve mytlopathy 
Duralossi!lcatlon 
Oemyellflatmg dIseases 
Spondylosis delormans (rarely causes ataxia) 
Storage dlSBases 
Congenital splflal or vertebral mal1ormaUons, 

e.g. splflal dysraphism and hemlvertebra 
Heredrlary myelopathy 01 AtghanS 

Inflammatory or InfectJous 
Oiscospondylitis 
Distemper myelitis 
Rabies 
ToxoplasmosIs 
Neosporosls 
Systemic mycoses 
Abscessatioo 

Trauma 

Heo"lasla 

Vascular 

Nutritional 

Feline Ifllettious pentollllis (non-el1ustve 
lorm) 

Granulomatous menlngoencephalomyelitis 

Fractured vertebra 
Vertebral subluxation 

Primary Spiflal cord lumours may be 
mtramedullary (astrocytoma, 
ependymoma, glioma) or extramedullary 
(neurofibroma or neurolibrosarcoma, 
meningioma) 

Nerve root tumours (schwan noma) 
Metastatic tumours can Involve a vertebral 

body (e.g. mammary adenocarcmoma. 
prosta1ic carcinoma, haemanoiosarcoma. 
multiple myeloma) or epidural space 
(lymphoma, especially in cats) 

FiblOcartilaglnous embolus 
AortiC embolism (cats) 
Spontaneous spinal cord haemorrhage (rare) 

Hype:MlamlnOSlS A (cats) 
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Table 31 .3 Muscular, f\eurologlcal aoo neuromuscular conditions presenting willi generalized lower molor neurone signs 

Olgener.IIYl/deYllopmenlal 
Myolooia (ChOw Chows, Labradors, Irish terriers) 
Muscular dystrophy ('lIoppy labradOfS') 
Peripheral neuropathy 01 Boxers 
Giant axonal neuropathy (German sllepherds) 
Myastllellia gravis (Jack Russell terriers, Springer 

spaniels. Fox terriers); also an acquired 
(immune-mediated) !orm 01 the disease 

Distal denervating disease 

Innammatory Of inlletiaus 
Distemper myelitiS 
Toxoplasmosis 
Neosporosis 

Immune·medllted 
Acute or chrofUC (relapsing) polyradlcutoneuriliS 
Idiopathic polymyositis (?immune· mediated) 
Acquired myastllenla gravis 

cucs a thorough neurological examination 
should indicate lelraparesis. In Schiff
Sherrington syndrome :I severe thoracolumbar 
spinal cord injury may result in extensor rigid
ity o f the fo relimbs with paraplegia. Disorders 
producing paraparesis/ plegia :ue summarized in 
Table 31.2. 

• lMN lesions 

Muscul:ar. neurological and neuromuscular c:auses 
of quadriparesis, quadriplegia o r ataxia of all four 
limbs presenling with generalized lower motor 
neu rone signs are summarized in Table 31.3. 

• INITIAL DIAGNOSTIC PLAN 

• Blood lests 

Routine haematological :and biochemical screens 
may be justified if a meubolic d isorder or IOxicity 
is suspected. Serological tests to rule out proto
zoal diseases, e.g. toxoplasmosis. neosporosis may 
be indic.tted. 

• Plain radiography 

R:adiological evaluation of suspected spinal 
lesions should includc both plain lateral and ven~ 
trodorsal projections of the whole of the relevant 

Metabolic 
POlyneuropathy occasionalty associated with diabetes 

mellitus, Insutiooma. hypothyroidism. 
hypOadrenOCOrllCiSm. vincristme therapy) 

Trauma 
Brachial plexus avulsion 
Facial paralySis 

Tode 
Botulism 
Tick paralySIs 

Neoplnia 
Peripheral flfIM r.eoplasia (schwanooma) 

Vascular 
FtbfocartilaglrlOus emboluslmyelomalacia (a ffecting 

central grey maller) 

spinal lcvels. Good radiographic technique is 
needed to allow interpretation of spinal radio
graphs since accurate positioning is essential. 
Accurate positioning can only bc achieved in 
most instances under gencral anaesthesia. In the 
case of toy breed dogs with suspicion of a cranial 
cervical lesion, however, conscious radiography 
should be performed. Evidence of dynamic 
lesions may require flexed and extended radi
ographic views; however, these should be per
formed with caution since gener:al anaesthesia will 
remove protecti\'e muscle spasm and manipula
tion of the cervic;!.1 region may result in increased 
trauma 10 the spinal cord. Care should be exer
cised with traumatically induced lesions when a 
spinal fractu re is suspected; whenever possible thc 
initial diagnosis is best made from radiographs o f 
the conscious p:atient. 

Radiography should also be performed as 
appropriate for investigation of any other concur
rent systemic disease, eg met:astatic neopluia. 

• Myelography 

Myelography is an extremely useful diagnostic 
test for evaluation of the spin;!.1 cord. 
Myelography involves the introduction of a 
radiodense contraSt medium into the cere
brospinal fluid within the 5ubarachnoid space. 
Subsequent radiography allows identification of 
regions of spinal cord compression or swelling. II 
:allows lesions to be :lSsigned into the 
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intramedullary, intradural- extramedullary or 
extradural companmcnlS. As with plain radiogra
phy, both lateral and ventrodorsal ,·iews should 
be performed; oblique views arc occasionall y nec
essary to fully outline the lesion(s). 

In most instances a CSF sample can also bc col
Iccted prior to injection of the contrast material 
into the subarachnoid space.The introduction o f 
contrast material can be performed by the cister
nal or lumbar route (sec Chapter 42). Choice of 
location depends o n the suspected si te of the 
lesion. For thoracic, thoracolumbar or mid- to 
cranial lumbar lesions, the lumbar site of injection 
is most likely to prove to be di3gnostic, whilst for 
mid- to caudal cervical and caudal lumbar lesio ns 
the cisternal site is indic;J.ted. C ranial cervical 
lesions arc sometimes difficult to fully outline. 
The caudal lumbar and lumbosacral region is 
often not outlined by myelogmphy and epidurog
mphy o r other ad\'aneed imaging ttthniques may 
be more 3ppropriate. 

The whole of the implic;J.ted spin31 region 
should be examined since multiple lesions are not 
uncommon. In some cascs, especi;J. lly neoplasia, it 
may be necessary 10 perform myelography by 
both the cisternal3nd lumbar routes concurrently 
to fu ll e1ucid ;J. te the lesion. 

• CSF analysis 

CSF is routinely collected from the subarachno id 
space via the foramen magnum (sec Chapter 41). 
If 3 single thoracolumbar lesion is suspected, a 
more diagnostic CSF sample may be collected by 
subarachnoid puncture in the lumbar region. For 
cytological eX3mination the sample should be col
lected into EDTA (plain tube for b;J.cteriology). 
The sample should be centrifuged, prefer;J.bly 
using a cytospin technique, ;J.nd a slide suitable for 
cytological examination prepared within 30 min 
of colk"Ction bec;J.use cells in CSF degenerate 
rapidly. 

Normal CSF is water clear, colourless and docs 
not coagulate. A red or pinkish discoloration in 
most cases represents faulty collection technique 
(contamin;J.tion with red blood cells). A yellow 
(x;J.nthochromic) supcrnatalll is indicative of pre
vious haemorrhage. Normal CSF of dogs and cats 
is free o f red cells and contains less th;J.n 0.008 x 
10' I-I nucleated cells. CSF becomes visibly turbid 
when the ccll count exceeds 0.3-0.5 x 10' I_I. tn 
normal dogs the nucleated cell count o f cisternal 
CSF is slightly higher than that o f lumbar CSF. 

Normal CSF cont;J.ins low numbers of 

mononuclear cells (lymphocytes 3nd a few mono
cytes ). Neutrophils sho uld not be present unless 
the s;J.mple is haemodiluted. Pleocytosis is the 
term used to describe an increase in the CSF 
nucleated cell count. CNS lesions m:!y resul t in an 
increase in the number o f normal cells or, with 
certain disorders, an increase in the number o f a 
speci fi c cell type (sec below). Unfortunately, 
many CNS and spinal lesions do not consislCndy 
e;J.use changes in the composition of CSF. They 
;J.re more likely to do so if the affected area is in 
dircct contact with CSF. Discrete tumours involv
ing either the brain or spinal cord frequently 
either do nOi 3lter the CSF o r al best C3use a mild 
non-specific pleocytosis, i.e. increased numbers of 
normal mononuclear cells. Neoplastic cells ;J.re 
rarely seen unless the meninges are infiltrated. 
Aeute spinal cord compression with myeiomal;J.
cia m:!y result in incre3sed numbers of neutro
phils whereas chronic compression mo re oft en 
results in a mild increase in the number of 
mononuclear cells. CSF findings with fib rocarti
laginous emboli are vari:!ble and non-specific; a 
mixed pleocytosis may be evident. Other rypes o f 
cellular response arc described in Chapter 42. 

In most cases an increased nucleated cell coum 
is accompanied by an increase in the CSF protein 
content. CSF is an ultrafil trate of plasma so low
molecular-weight prOieins such as albu min pre
domin:ttc. Increases in CSF protein may be seen 
with haemo rrhage, increased blood-CSF b;J.rrier 
perme:tbility or incre:tsed intr:tthL"Cal prolein 
(globulin) synthesis. Increased perme;J.bility of the 
blood-CSF barrier may occur a5 a result of space 
occupying lesions as well as vascubr, degenerative 
and inflammatory conditions. Norm;J.\ CSF pro
tein conten! is approximately 25-30 Illg dl-I • The 
protein content of lumbar CSF is slightly higher 
th:!n that of cisternal CSF. Occasionally CSF pro
tein increases without an increase in cell numbers. 

I FURTHER INVESTIGATION 

Magnetic resonance Imalllnll 

Magnetic resonance imaging (M RI) of the spinal 
cord requires adV3nced technology which is at 
present limited 10 specialist referral centres but is 
becoming more widely available. Resolution of 
del':!il within the spinal cord is often limited and, 
at present, gre;J.tcr information may o ften be 
obtained by myelography. Investigation o f the 
lumbosacral region by MRJ is however much 
superior to myelography which is frequently 
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non-diagnostic. For the investigation of inlr;)
cranial lesions MRI is invaluable. 

MRI produces two-dimension;!.! etau-sectio nal 
images dCJ>(ndem upon the qU2n1ity and nature 
of protons within the tissue of interest. A series of 
different imaging protocols can be used to pro
duce different contrast patterns within the images. 
The moSl widely used protocols produce TI - and 
T2-weightw images. Tt im.aging can be combined 
with the use of a gadolinium-b;uw cantr:1.SI agem. 
The contrut agent indicates regions of disruption 
of blood-br:lin barrier function within the eNS. 
T1-weighted images produce in£orm:llion about 
the reb-live water co ntent of tissue and lend 10 
highlight areu of oedema within the tissue. Due 
to the good architcctural information produced 
by such im:lges it is possible to differentiate 
between lesions with a mass effect and those 
occurri ng within normal tissue boundaries. 

• Computerized nlaltomography (CAT) 

CAT uses digital computer analysis to produce 
two-dimensional cross-section.ll images through 
tissue using X-ray technology. It is an extremely 
useful technique for the investigatio n of bony 
lesions, and may be preferable to MRI for some 
lesions, i.e. degenerative joint disease of the artic
ular joint facets. 11,e information provided about 
soft tissue structures is however limited and for 
investigation of the spinal cord per se, the tech 
nique may be less useful tha.n MRI. It can be com
bined with myelognphy and produces greater 
spatial inform.ltion about lesion localiution than 
is achieva.ble by normal myelognphy. 
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• Electrophysiology 

A nngc of electrophysiological techniques arc 
available for the investigation of the nervous 
system. 

Electromyography measures the spontaneous 
electrical activity produced within muscles fib res. 
LMN pathology results in spontaneous abnormal 
electrical activity in affected muscle bellies con
sisting of fibrillation potentials and positive sharp 
waves. It takes at least seven days for these 
changes to develop and 50 cannot be used to 
investigate acute lesions. Spontaneous electrical 
acti\'ity is produced in response to damage to all 
parts of the affector p:uhway including the spinal 
cord grey mauer, the motor axon and the affector 
muscle. lbe nature o f the electrical activity is not 
specific in most cases for any given pathological 
lesion . 

Nrror conJH ction ItNdj~1 are useful for the inves
tigatio n of LMN lesions. Disruption of the 
integrity o f myelin sheathes will result in a reduc
tion in the speed and integrity of the passage of 
impulses along the motor axon. 

• Pertpheral nerve/muscte biopsy 

Periphenl l1l!rve/muscie biopsy may be indicated 
fo r the investigation of certain LMN d isorders. 
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Seizures 

M. P Targett 

Sei zur~ activity (3 fi l o r convulsion) represents l 
paroxysmal disturbance of brain fun ction that is 
sudden in a nsel, ccases spontaneously and has a 
tendency to recur. The sudden uncontrolled dis· 
charge of neurones may be the result of a primary 
brain lesion o r may be secondary to a metabolic 
abnormality, e.g. hypoglycacmia. True idiop:llhic 
epilepsy describes recurrent seizures of unknown 
cause (sec C hapter 42). 

A seizure has several componcms. 

• Preietal phase characterized by altered behav
iour (aura). During this phase the :mim3.1 may 
become restless, apprehensive or seck the 
:lItcntion of its ow ner. 

• l ctuf or seizu re epi sode. 
• Postictal phase during which the animal returns 

10 normal. T ypically, during the posticul phas~ 
which may laSt only a few minutes or sev~ral 
hours, the animal becom~s confus~d, restl ~ss, 
ataxic o r possibly even blind. 

• Statlll t'pi!epticlIl refers to the conditio n of 
continual seizure ;!,ctivity with incomplete 
recovery between seizu res. 

I PATHOGENESIS 

The inlti;!'1 seizure focus m;!,y involve o nly ;!, small 
unst;!,ble group of neurones which intermittently 
spont;!,neously depolarize. This focus may then 
sprc.:Iod to involve adjacent neu rones so that the 
seizure becomes more generalized. eert;!'in popu
lations o f neuron~s in t h~ bmin such as those in 
the hippocampus a r~ mor~ likely to develop 
s~izure activity. The mcmbrane potenti;!,1 o f a neu
rone is influenced by synapses with inhibitory 
(gamma-aminobUlyric acid, t';!,u ri ne and nor
adrenaline) and facilitalOry (acetylcholine, glura
mate and seroto nin) neurotransmitter acti\'ity and 
it is the summation of this activity which d eter
mines th~ activity of the neurone. The seizure 
threshold of a neurone o r group of neuro nes is 

determined by events that regulate ncuronal 
exciubility. Thus the activi ty of a neurone is 
influenced by faclors which alter the neuronal cell 
membrane, the number and location of inhibitory 
and excitatory synapses, the synthesis and degra
dation of neurotransmin cr substances, and the 
glial enviro nment. It has also been suggested that 
seizure threshold may be genetically predeter
mined since it vari~s between individual animals. 
Any structural or biochemical alterations in the 
environment o f the neurone may trigger its spon
u.nrous discharge. In this context a StruCtural 
al teration refers to a primary brain lesion whereas 
biochemical al terations arc generally the resu lt o f 
e)(tractanial disorders, e.g. lOxaemia or some other 
metabolic abnormal ity. 

Idiop;!, thic epilepsy refers to the recurrent 
seizure activity which occurs in :animals with 
no detect:able intra· or extracranial disease. 
Idio pathic epileptics m:l.y have :l. p:l.rticularly low 
seizure threshold and it is possible that affected 
animals may have some genetically detennined 
alteration in neuron.:lol morphology :and/or physi
ology which allows the neurones to depolariu 
spontaneously in the absence of a detectable 
stimulus. 

I CLASSIFICATION OF SEIZURES 

The type of seizu re may be classified on a clinical 
basis as partial or generalized (although panial 
seizures may become generalized). The clinical 
signs may indicate the location of the seizure 
focus. Seizures which originate from a focus in the 
motor region of the cerebrum are characterized 
by contral:Heral turning o f the head, tonus/clonus 
of one or more limbs, and flexion of the trunk. 
Seizure foc i located in the limbic system (e.g. hip
pocampus, amygdala and temporal cOrlex) initiate 
psycho motor seizure activity characterized by 
al tered behaviour and complex motor activity. 
A psychomotor seizure may be manifested as 
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somnol~nce. confusion, apparent blindness, fail 
ure to recognize objects, viciousness, screaming 
or hysterical barking, chewing, licking, jaw snap
ping or excessive salivation. 

• Generalized se izures 

Generalized seizures 3re the most common type 
of s~izure in the dog and represent an extended 
spread of s~izur~ activity. Most can be described 
as grand mal, tonidclonic seizures characterized 
by visc~ral and somatic motor activity. The 
seizure (ictus) is preceded by a variable preieral 
phase chan.cterizcd by abnormal behaviour. rest
lessness and 3ttention seeking. The ictal period is 
characterized by a combination of visceral and 
somatic mOtor activity. The animal loses contact 
with its environment. fall s on its side and becomes 
transiently apnoeic. The first phase of the seizurc 
consists of tonic, rigid extension of the limbs and 
opisthotonus which may persist for approxi
mately 10-30 s. This is followed by a period of 
clonic limb activity chan.ct~rized by continuous 
paddling and running movements. During the 
s~izure thc pupils appear dilau.-d and [he animal 
may champ its j3wS and saliv3tc profusely. Some 
animals void urine o r faeces either during or after 
the seizure. Most seizures rypic311y b.st only 1-2 
min. Genen.lized teunie-type seizures ch3racter
iud by tonic extension of the limbs, opisthotonus 
and apnoea are a f~ature of strychnine poisoning. 
The seizures 3re e3sily triggered by noise or sud
den movement and vigourous running/paddling 
movements are 3bsent. In status epilepticus, com3 
or death may ensue 35 a result of hrpenhermia, 
circulatory collapse. acidosis, hypoxia and respi
ratory fai lure. 

Petit mal seizures consist o f extremely brief (a 
few seconds) loss of consciousness and a general
ized loss of muscle tone but no motor aelivit)" It 
is doubtful if petit mal seizures occur in dogs or 
cats. 

• Partial seizures 

Panial s~izur~s hav~ a s~izure focus which does 
not spread. Motor activity may be restricted to 
one group of muscles of on~ limb if the initial 
seizure focus is confi ned to the contralareral 
motor cortex. For ~xample s~izurc aelivity in the 
left thoracic limb indiC3tes p:lthology in the right 
cerebral conex and vice versa. A focal mowr or 
Jacksonian s~izur~ is a partial seizure which 
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begins in one group of muscles and spreads to 
adjacent muscle groups in the same limb and then 
10 the ipsil3ter-a1 limb. A partial seizure may 
become generalized if electrical activity spreads to 
the diencephalon to discharg~ both cerebral hemi
spheres. 'Fly catching' in cavalier King Charles 
spaniels may represent some form of panial 
seizure activity, possibly focal sensory scizures 
originating in the visual cortex. 

I PATHOPHYSIOLOGY 

• Exlracranlal cause. 01 seizure acll,lty 

Seil.Ur~5 which ar~ the result of ~xtracranial causes 
oft~n occur in the absenu of central nervous 
system (CNS) signs during the interictal period. 
This group includes a large number of metabolic 
disorders which alter neuronal fu nction and 
metabolism. 

Hypoglycumla 

In older dogs the most common cause of persis 
tent hypoglycacmil. is an insulin-secreti ng tumour 
of the beta cells o f the pancreatic islets (insulin
oma). A dog with an insulinoma may show a vari
ety of behavioural and CNS signs including 
generalized seizur~s (which may be precipitated 
by exercise, excitement or fttding a large meal). 
ataxia, paresis, stupor and l.pparent blindness. 
Such signs may be expected to respond rapidly 
to the intravenous or oral administration of 
glucose. A fasting plasma glucose concentration 
<3 mmoll-I with a concomiunt insulin concentra
tion >20 U I-I is highly suggestive of an insulin
secretmg tumour. 

Other causes of hypoglycaemia such as hypo
adrenoconicism. liver dis~ase (especially hcpato
cellular carcinoma), hypoglycaemia in toy breeds 
and exercise-induced hypoglycaemia in hunting 
dogs arc l~ss likely to cause seizur~ activity. 

Chronic hepatic lnsu",clency 

Ponosystemic shunts arc a common cause of 
hepatic encephalopathy. Affected animals may 
show a variety of CNS and behavioural signs in 
addition to seizu re activity. e.g. stupor, aimless 
bidir~ctiono'll circling, he3d pressing o r 'star gaz
ing', ataxia and blindness. Clinical signs ohen 
become apparent after feed ing and can be attrib
uted in pan to the effects of the increased blood 
ammonia concentration on the brain. 
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Hypoc.lc.eml. 

H ypocalcaemia usociated with pOSlp;artum 
ed::ampsi3. or prim;ary idiopathic hypoparathy
roidism is often associ::a ted with tetanic seizures 
and beh3.viour3.1 ch3.nges. Hypocalcaemic: seizures 
m3.Y 3.lso be expected to occur postoper3.1ivcly in 
hyperthyroid cats if, du ring surgery 10 rc:mo\'e 
both thyroid glands. at least one set of parathy
roid gl3.nds is not preserved. O ther disorders such 
u 3.CUle o r chronic renal failure and acute p:!.ncre
atitis may resuh in a milder degree o f hypocal
c:aemia which is usually insufficient to elicit CNS 
signs. Hypocalcaemic s<:izures require prompt 
attention and may be alleviated in the short term 
by the administration of calcium glueonate (4 ml 
tOo/.. solution per kg bodyweight). 

Ren.' dls.a5e 

Seizures occ:l.$ionally occu r u a tcrminal feature 
of prolonged uraemi:!. (uraemic encephalop:athy). 
The CNS manifestations of uraemia arc mo re 
likely to be apparent in younger dogs with 
congenital renal disease, e.g. congenital renal 
hypoplasia o r renal dysplasia. 

HypoXI. 

H ypoxia associated with eardiovucular o r pul
mo nary disease usually resulu in collapse rather 
than sei zures. Howe\'er, repe:ued episodes of 
cerebral hypoxia may lead to irreversible brain 
damage and the formation of scar tissue which 
may act as a seizurc focus. 

Inl.sl/nal parasitism 

Young pups with severe t(Jxascariasis may have 
seizures via a mechanism that hu not b«n 
established . 

Other etlracflnial Cluses 

O ther IC55 common extracr:lI1ial causes o f seizures 
include hyperlipoproteinaemia (a fami lial form 
has been reported in miniature Schnauzers), 
hyperkabemia. absolute polycythaemia 3.nd 
hyperthermi3.. 

• Inlracranlal causes 01 seizure activity 

The presence of behavioural 3.nd/or C NS signs 
between seizures, especially if the signs are 
progressive, generally indicates structural brain 
disease. Intracranial aluses of seizure 3.cti\·ity are 

listed below. Chapler 42 gives a mo re detailed 
discussion o f specific dise35es. 

Idiopathic .pll.psy 

Idiopathic epilepsy is undoubtedly the moSt com
mon C:luse o f seizu res in small ::animals. Although 
epilepsy 31most certainly falls into the intracnni21 
altegory the cause o f the seil.ures is unknown. 
Idiopathic epilepsy is known to be hereditary in 
certain bre<:ds, e.g. German shepherds, k«shounds., 
be:lglcs 2nd dachshunds 2nd it hu been suggested 
that the s<:izure thresho ld in affccted individuals is 
influenced 2nd determined by genetie factors so 
th3t groups of neurones spontaneously depobrize 
at 2 lower threshold potential. 

Di2gnosis of idiopathic epilepsy in most 
instances is m3de on the basis o f his tory (in 
particular a description o f the seizures and the 
absence of CNS signs du ring the inlerict21 period) 
2nd by ruling out extracranial and other intra
crani21 C2USes o f seizure 2ctivity. The onset o f 
seizures generally occurs between o ne and thre<: 
years of 2ge. The frequency and intensity of the 
seizure m2y be quite variable. There may be dus
ters o f seizure 2cti"it}' interspersed with periods 
duri ng which the 3nim21 appears quite no rm:!.!. A 
characteriStic preicul ph2se (aura) may precede 
the seizure. I n moSt cases the seizures are genet2l~ 
ized and tonic/ clonic in nature lasting from)O s to 
several minutes. During the immediate postict21 
period the animal may appear dcprcucd, ataxic or 
blind . 

Encephalitis 

• Canine distemper \';rus 
• Toxoplasmosis 
• Rabies 
• Cryptococcosis 
• Fcline infectious peritonitis 
• Non-suppurative poliocncephalomyelitis (cats) 
• G r2nulomatous meni ngoencephalitis 
• Neosporosis 

Neop/ISI. 

• Primary tumo urs, e.g. meningiomas, gliomas 
• Metasutic tumours, e.g. malignant m2mm2ry 

tumours 

C linical signs 2ssociated with bnin tumours 
are extremely variable and depend on the loca
tion and the nte of growth of the lesion which 
determine whether there is 2 significant 
incrusc in ;ntracrani31 pressure. 



DevelDpmentll detects 

• H ydrocephalus (abnormal accumul:ation of 
cerebrospinal fluid (CSF) resuits in di latatio n 
of the ventricular system) 

• Lissencephaly (congenital absence of the con
volutions o f the cerebra1 cortex; seen in lhasa 
apsos) 

• Po renccphaly (cystic malfo rmation of the 
cerebrum) 

Held '" um, 
Although eNS signs may have been apparent at 
the time of the original injury seizures may nOI 
occur until wttks or months i1fterwi1rds . 

Neuron'l degeneratlDn 

• Nutritional: 
• Toxicity: 

Thiamine defi ciency 
Lead poisoning 
Chlorinated hydrocarbons 

(especiallyeau) 
Ethylene glycol 
Organophosphates 
Metaldehyde 
Mercury 
Strychnine 

• Storage diseases (see Chapter 42) 

I INVESTIGATION OF SEIZURES 

The complexity of the investigations will depend 
on the frequency and severity of the seizures as 
well as the age of the anima1. 

I§~I HISTORY CHECKLIST 

An informative his[Qry is, to a large extent, depen
dent on an accurate description of events by the 
owner since few dogs have seizures while in 
the consulting room. The followings points of 
information may prove helpful in at tempting to 
ascertain the cause of the st' izures. 

o Age? 
U less than o ne year of age consider hydro
cephalus, distemper, idiopathic epilepsy, lead 
poisoning, gastrointestinal parasi tism, portocaval 
shunts and sto rage diseases. The animal with 
hydrocephalus not infrequently has visual deficits 
and unusual behavioural changes, e.g. alternating 
periods o f stupo r and hyperexcitllbility. 
Neoplastic causes (insulinomas o r primary brain 
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tumours) are more common in animals gre:atcr 
than five years of age. 

o Breed? 
Idiopathic epilepsy is particularly common in the 
German shepherd breed; hypogJycaemia occurs 
occasionally in toy breeds. 

o Vacclnalion stalus? 
Consider distempt'r virus infec tion if (l) the 
animal is either not full y vaccinated o r has bttn 
vaccinated during the preceding fortnight; (2) 
seizures and/or other CNS signs :lre preceded by 
oculon:l$.al discharge, coughing, sneezing, vomit
ing, d iarrhoe;t etc.; (3) seizures are tisociated with 
multifocal eNS signs including trismus of masti
catory muscles :lnd chore:l. 

a Descriplion of Ille sellure 
• Is the seizure preceded by behavioural 

changes? 
• Arc eNS signs or beh:lvioural abnormalities 

evident during the interictal periods? If 50, 

assess progression of signs. eNS signs or 
behavioural changes associated with primary 
or melast:ltic brain tumours, although often 
quite variable, :lre usually slowly progressive 
and depend on the location and rate of growth 
o f the lesion. In this context check that there 
has been no recent history of neoplasia o r 
tumour removal. Mammary tumours occasion
all y mctastasize to the brain. 

• What signs, if any, arc present during the 
immediate posticul period? 

• Is the seizure partial or generalized? 
• Duration and severity (intensity)? 
• Involuntary paddling and/or running move

ments, defecatio n, urination? 
• Loss of consciousness? 
• Are seizures precipitated by or associated with 

exercise or excitement o r d id seizure occu r 
after sleep ? Seizures associated with strychnine 
poisoning arc easily triggerred by movement 
and noise. 

• Any relatio nship with feeding? 
• Frequency/length of time between SUccessive 

seizurt's? 
• Clusters. i.e. several in one day? 

Description of the seizure can often be aided by 
observing a video of the episodic behaviour. 

a Environment? 
• If applicable, arc liuermates sho wing similar 

signs (rule out dis temper)? 
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• Source of lead. c.g. p.lint or linoleum? With 
lead poisoning CNS signs may be .lccomp.lnied 
by g.lstrointcstin.ll signs. 

• Exposure to toxins, c.g. metaldehyde. ehlorin· 
ated hydrocubons, organophosphate ins«ti+ 
cides o r phenols? 

o Diet? 
Ons fed an cxclusi\·ely nsh diet containing thi 
aminase rna)' show signs of thiamine deficiency. 

1:1 History 01 previous trauma? 

1:1 Other signs of systemic or endocrine diseases such 
IS polyuria. polydipsia. polyphagia , Ilopecia etc.? 

Occasionally dogs with large pituitary adenomas 
show CNS signs including seizures. 

1",1 PHYSICAL EXAMINATION 

A full physical examination followed by detailed 
neurological and ophthalmoscopic examinations 
should be performed. The re.lder is referred 10 

Chapter 42 for a marc comprchensi\·c account of 
the neurologic.ll examinnion and iu usc in the 
localization of CNS lesions (unifoc.ll versus mul+ 
tifocallesions). Neurological or bc.h.lviounlsigns 
which persist during the interictal phase suggest 
structunl bnin di.seau al though the converu 
need not n«essarily lIpply since .l sm;l.lI focal 
lesion may C.luse intermittent seizure activity with 
no intericul signs. 

I INITIAL DIAGNOSTIC PLAN 

• H .. matology and biochemistry 

A fu ll routine h;l.em:uologic.ll eX.lmination, .l 
complcte biochemical screen and urinalysis .lre 
indic.lled to rule OUt lead poisoning, renlll dis+ 
case, hcp:u ic encephalop.llhy and polycythaemia 
u well as most of the inflammnory and met.l+ 
bolic causes of seizures. The biochemic:!.l screen 
should include plasma calcium and fasting 
glucou concenlrations. The plasmll should be 
checked for the presence of gross lipaemi:l.. Liver 
enzymes should be checked before anticonvul
si\'e therllpy commencC$ since the commonly 
uR d bubiturate anticom'ulsants induce an 
increase in the synthesis of microsomal liver 
enzymes. 

• Cerebrospinailiuld analysis 

The analysis of CSF should include totalnucle
.lted cell and red blood cell counts, spC:cific grav
ity, protein content and cytological examination. 
Unfortunately, CSF an:llysis is rarely helpful in 
establishing the sp«ific cauu of the seizures since 
CSF in most dogs with idiop;athic epilepsy and 
met2bolic disorders is normal. Similarly, with 
most space occupying lesions CSF is either com
pletely unremarkable or shows a mild non
spccific increase in the number of normal cells 
(mixed pleocytosis) .lnd an increased pro tein 
content. Neoplastic cells are rarely seen. 

The following types of cellular response may be 
observed in CSF: 

N.utrophfllc pl.ocytosls 

incre;l.sed numbers of neulTophils in CSF occurs 
with bacterial in(<<tion, e.g. bacterial encephalitis 
or meningitis. although :I. si milar response may 
occur with non-inf« tious inflammatory condi
tions, e.g. sterile meningitis. The increased cell 
COU Ill is usu:l.lly associated with a m:l.rked increase 
in CSF protein coment. Eosinophilic meningo· 
encephalitis (a condition occasionally reponed in 
dogs) is associ:lted with :In ~ojjnophi/jc p/~ocyrosjj. 

PI.ocytosls 01 mlx.d ,.11 fyp.s 

• Mycotic encephalitis; neutrophils. eosinophils 
and mononuclear cells 

• Viral encephalitis; although total cell count 
m:ly be low, up to 80% of the cells present m:ly 
be lymphocytes. 

• Granulomatous meningoencephalitis; primar
ily mononuclear cells with lymphocytes pre
dominating. 

• Neoplasia; neopl:l.5tic cells rarely seen unless 
meningeal involvement, CNS lymphoma or 
metast21ic carcinoma; often a mild to moder.ate 
increase in the number of mononuclear cells 
present. 

• Fibrocart il:l.ginous emboli; a mixed lind 
variable population of mononuclear cells. 
m.lcroph:lges, lymphocytes and a few neutro
phils. 

• Toxoplasmosis; lymphocytes predominate. 

A CSF Illp is contraindicated in animals where an 
increau in intncnnial pressure is suspected, e.g. 
hydrocephalus, cerebnl oedema o r intracnnial 
haemorrhage. since the sudden release of CSF 
pressure may result in herniatiOn of the br:l.in stem 
through the foramen mllgnum. 
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• Radiography 

b.te""l and dorsoventral radiographs of the skull 
may help rule OUt previous trauma resulting in 
proliferation of new bone. Neoplasms are only 
likely to be visible if they are adjacent to the wall 
of the cranium and/or result in the erosion of 
bone (e.g. meningiomas). 

I FURTHER INVESTIGATION 

• Ultrasonography 

Ultrasonography can be used, in cases where the 
fontanelles arc still open, to investigate ventricu
lomegaly. 

• Blood lead concentration 
(If appropriate) 

• Electroencephalography (EEG) 

EEG facilities are not routinely available to most 
practitioners therefore the use of this technique 
almost cenainly necessitates referral to a specialist 
centre. Interpretation of results is difficult and in 
many cases similar information can be obtained 
from advanced imaging techniques. 

• Magnetic resonance Imaging and 
computerized ulaltomography 

The advent ;md increasing availability of these 
techniques has revolutionized the diagnosis and 
treatment of intracranial space occupying lesions. 
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They have superseded available contrast radi
ographic techniques such as angular venography 
and ventriculography. These techniques allow the 
identification and characterization of intracranial 
space occupying lesions. Advanced imaging stud 
ies should be considered as a first line diagnostic 
procedure in the investigation of seizure activity 
in animals older than five years of age. 

I TREATMENT OF SEIZURES 

The first line treatment of seizu res consists of 
treatment of the underlying cause where identi
fied . The symptomatic treatment of seizures gen
erally involves the use of anticonvulsant drugs 
either singly or in combination. Phenothiazine 
tranquillizers are generally contraindicated. 

Anticonvulsant drugs in common use are listed 
in T able32.1. 

Compllcalions 
With most anticonvulsive drugs hepatotoxicity is 
a problem especially when the drugs are used in 
co mbinatio n. Phenobarbital, primidone and 
phenytoin all cause an increase in serum alkaline 
phosphatase (ALP) via microsomal enzyme 
induction. The increase in ALP is usually accom
panied by a smaller increase in :tlanine amino
transferase (AL T ) and bile salt concentrations. 
Liver enzymes and liver fun ction should therefore 
be checked periodically in animals receiving anti
convulsant medication over a prolonged period. 

Alms 01 anUconvulunl therapy 
Owner compliance is extremely imponant in 
order to maintain steady state concentrations of 

T.bl.32.1 Anticonvulsant drugs commonly u~ in small animal practice 

Phenobarbital 

Primldone 

DoSl 

Dog: 5-10 mg kg-' bodyweighl per os daily in divided doses; 
cat· 3-5 mg kg-' 

Dog: 10-15 mg kg-' bodyweiOhl pel as dally (in divided doses 
UJI to a maximum dally dose 01 35 mg kg (lay-') 

Potassium bromide Dog: 30-40 mg kg-' as an add·on In cases refractory to other drugs 

Phenytoin 

Diazepam 

Dog: 10 mg kg_I bodyweigllt per os TID up to a maximum 0' 
2(}-35 mg kg-I TtD 

009 and cat: 0.5-1.0 mg kg-' intravenously. can be given to dogs in 
5-1 0 mg boluses durifllj a 'il Rarely effectIVe on its own In 
conlrOlllfllj grand mal type seizures: best used in combination wIth 
phtnobarbital or primidone 

NOte: phenoba>tital ¥od dluepolm If! the only amIconvulsaot drugs reeommel'Kled tor use in tats. 

Therapeutic Range 

Dog: 20-40 IJO mt': 
cat: 11l-3O IJO mt' 

20-40 IJO mtl (phellObarbltal) 

0.7-2.0 mo mI" 

10-20 IJg ml-' 
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th~ drug in plasma. With most drugs it is usually 
necessary to increase the dose to achieve s:tt isfac
tory seizure control. Therapy should be directed 
at decreasing the frequency and severity of the 
seizures. Tre,ltment is unlikely to abolish the 
seizu res completely in Severe epileptics and many 
dogs will require treatment fo r life. Combinatio ns 
of anticonvulsant drugs are best avoided unless 
absolutel y necessary, i.e. o nly when seizures Ciln
not be controlled by th~ use o f one drug alon~. It 
is imponant to monitor the blood level o f th~ 
therapeutic agem to ensure that it is within the 
tllerapeutic range, remembering that the long half 
life of these compounds means that it t':lkes several 
days to reach a steady sute after any change in 
dose. 

Therapy of Slaws epilepticus consists init ially o f 
di3zepam in an attempt 10 arrest the seizure activ
ity (5-10 mg boluses e\'eT)' 10-20 min). If this 
proves ineffective phenob3rbit3l should be ad min-

istered intra\'enously to effect (3- 1 5 mg kg-I body
weight). Oxygen should be gi ven as necessary. via 
an endotracheal tube if the animal remains uncon
scious. Blood samples for d iagnostic purposes 
(calcium and glucos~ determinations in the fi rst 
instance) sho uld be taken before initiating therapy 
and an indwelling intravenous catheter inserted to 
facil itate treatm ent of the patient. Animals which 
ar~ hypoglyca~mic should be given 50% dextrose 
solution in lrav~nous ly (hypoglycaemia may occur 
as a result of the severe muscle ~xertion associated 
with g~neralized prolonged seizure activity). If 
hypocalcaemia is suspected calcium gluconate 
(5- 10 ml of 10-20% solution) can be given intra
venously taking care to monitor the heart rat~ 
while doing so. Bicarbonat~ may be 3dminist~red 
with intravenous fl uids to overcome lactic acido
sis. Body t~mperature should be checked r~gu
Iarly. If the body temperature exceeds 42"<: the 
ani mal should be cooled with icc baths. 
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Depression, Disorientation, Stupor 
and Coma 

M. P. Targett 

Behaviounl changes such as depression, d isorien
u.tion or confusion, stupor and coma reflect an 
altered level of consciousness and indicate abnor
mal function of the limbic system or frontal lobe 
of the cerebral cortex. The level of consciousness 
is maintained by sensory stimuli which act through 
the ascending ret icular activating system (ARAS) 
which extends from the midbrain to the thalamus 
and subthalamus with diffuse projections to the 
con cx. T he A RAS is stimulatro by all major sen
sory pathways including those associated with 
touch, pain, temperature, hearing and vision. 
Stimulation of the ARAS results in stimulation of 
th.:cerebral cortex :md vice versa. The ARAS inter
acts with an :tdrenergic system that projects from 
nuclei in the midbrain and caudal diencephalon. 
The lauer, together with reticular fo rmation Struc
tun~s of the pons and rostral medulla, infl uence 
sleep patterns and any alteralion in the balance 
between the twO systems can produce signs rang
ing from hyperexci tability to coma. 

An alteration in mental status may be mani
fested as: 

• Depression: the animal appears lethargic and is 
less responsive to its environment although still 
retains the capacity 10 respond to external 
stimuli in a normal manner. Most sick animals 
appear depressed. 

• Confusion or disorientation (impaired menta
tion): the animal responds but in an inappropri
ate manner, e.g. there may be an apparent loss 
of learned behaviour. 

• SIUPO''." this represents a partial loss of con 
sciousness characterized by lethargy, immobil
ity and diminished response to external sti mu li. 
The ani mal may appear almost asleep al though 
may sti ll respond to Strong painful stimuli. 

• Coma: the animal is unconscious and does 
not respond to any stimulus except by reflex 
activity. 

An 3nimal showing signs of Stupor o r confu
sion may show additio nal behavioural or central 

nervous system (CNS) signs, e.g. seizure activity, 
especially if lesions involve OIher parts o f the cor
tex. Diffuse lesions involving the fro nullobe o f 
the cortex may produce other behavioural abnor
malities such as continual pacing or head pressing. 
Animals with lesions involving thc occipital lobes 
of the cerebral cortex may show a loss o f learned 
behaviour and may appear blind (this can be 
described as a central blind ness si nce direct and 
consensual pupillary light reflexes remain intact). 
The sensorimotor cortex is important for volun~ 
tary motor activity and lesions in this area may 
resul t in mild hemiparesis and postural deficits 
although the animal may be able to stand and 
walk with relatively little difficulty. Localizing 
signs if present are usually contralateral 10 the side 
of the lesion. 

I PATHOPHYSIOLOGY 

Stupor and coma may be caused by diffuse 
bilateral cerebral disease, metabolic o r toxic 
encephalopathies, and compressive or destructive 
lesions involving the rostral brainstem and mid
brain. 

• oilluse bllaleral cerebral disease 

Voluntary activity and postural reactions are 
depressed or absent. Central blindness may be 
evident. Meningeal irritatio n due to subarachnoid 
haemorrhage or infection results in head and/ or 
neck pain, rigid neck muscles and reluctance 10 

fl ex the neck. Normal vestibular eye movement is 
usually intact. 

• MetabOlic or toxiC encephalopathies 

The signs are similar to those described for d iffuse 
cerebral dise3se since cortical function is 
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suppressed before brainstcm function is af(ected. 
Dcpending on the eause an animal may show 
additional signs, for eumple many toxin5 can 
produce seizures (organophosph':l.Ie inst'CIieide! 
can ause muscle f;ucieulations etc). 

I Compress ion Dr destruction of the 
rostrat bra lnstem 

Spaee-oc('upying lesions (tumour$, abscesses) 
may either ('ompreu or destroy the pons and mid
brain. Increased intracranial prenure (e.g. hydro
('ephaluJ or cerebral ocaema) ('an ('Juse ('Judal 
displacemcnt of the ccrebral hemispheres under 
the tenlOrium cerebelli or the cerebellum may 
herniate throu);h the foramen magnum resulting 
in compression of the brainstem and profound 
respiralOry depression. 

Tabl. 33.1 Disorders whlcll may present with ~ns 01 
decreased consciousness and/or altered mentatiOn 

~ilm/Ji41 disDrrJM 
LVS05Of11,Jt storage dISUSeS 
ttydrocepnalu$ (most common In CtuhuahllH ~ 

bfJcIrVCtphallc: breeds) N,,, .. ,,,, 
InflMnmlbM1nrlClJOfl 

EIlCe9I\a1JIlS 
Moo .... 

NtopJiIW (ct!rtbfIJ COftu 01 balnJ/em, 

",,,,Itobc dlsctrHfS -"'" Hepatit encepNIopatlry 
ijmmlc encepNlopollhy 
DlabetlC (keloadclotlC) coma 
HypoidrenOC0111ctsm 
tiNt stfoke 
Hypo'" 

IfJCINS«f InlractJl!~1 prtS5ure 
Trauma restJlllno In cerebral oedema or Iniiatramal 

haemorrl1lge 
AcqWled hydlocepllaJus 

ToxinJ 
IliIrbltulates 
Hea-.y metals 
carbon monOlide 
EIIly1ene glytol 

NurrlnonilJ d/${Nihf5 
Thlil/l1lne defiCiency (cats) --Postictal pNse 01 kllOPalhlt ePIlePSY 

Disorders whi('h ('Jn be associated wi th vary
ing dcgrC(:s of altered ('oll5(iousne55 and other 
behavioural abnonmlities are listed in Table 33.1. 

I INITIAL INVESTIGATION 

~ HISTORY CHECKLIST 

o Breed Ind Ige? 
Hydrocephalus is common in toy breeds; with 
<lffcctcd <ln imals often presenting at a very early 
age (often less th.:rn 3 months of age). Periods of 
stupor and depression may be intenpersed 
with periods of hyperexcitability or seizures. 
Portosystemie shunts should also be considered 
in the young animal whi('h shows signs of stupor 
and deprC5sion pUnctuated by periods of hyper
excitability, aggressiveness, irri tability or restless
ness (,haracterized by compulsive cirding or 
pacing. The la tter signs reflect inl'olvement of the 
limbic system and the fromal and temporal lobes 
of the cortex. 

o Head trauml7 

o Actess to eNS depressant dru\lS or olher 101lns7 

O Rale 01 onsetlnd prO\lression 01 clinical signs? 
Arc othu behavioun.l ch;mges or e NS signs such 
as sc1zures. he<ld pressing. <limless p<lcing present? 

o All there other li\lnl ot systemic diu a .. ? 

I\eI PHYSICAL AND NEUROLOGICAL 
1II EXAMINATIONS 

• If the animal is com,1Iose check for evidence of 
trauma and signs of shock (temp<'f:lture, pulse, 
respiratory rate and colour of mucous mem
branes should be monitored continually until 
level of ('onsciou5ness improves). 

• Check the pupil lar)' light refiexes (fixed dila tcd 
pupils with sel'ere brainstem ('ompression). 

Neurological eumination should pay panieul<lr 
attention 10 vision and postural reactions. O ften 
there.:ue no localizing signs with c('(ebral oedema 
or encephalopathies whereu neoplasil and some 
C<lSes of hydrocephalus rna)' present with uni
la teral neurologinl signs (ddiciu cont r<llaleral to 
side of lesion). 
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• Is there head or neck p:tin (meningeal irrita
tion)? 

• Is there evidence of untral blindness andlor 
postural defi cits? 

The following signs indicate severe midbrain! 
hindbrlin disease and should be regarded as poor 
prognostic indicators in a comatose animal: 

• Fixed dilated pupils 
• Loss of normal vestibular nystagmus or nega

tive caloric test 
• Ventro];ucral strabismus 
• Extensor rigidifY of the li mbs o r opisthotonus. 

I INITIAL DIAGNOSTIC PLAN 

• Routine haematological and 
biochem ical scree ns 

Routine hacmatological and biochemical screens 
should be performed to rule out metabolic dis
easc. A complete biochemical screen for a young 
ani mal should include a bile salt assay to evaluate 
liver function evcn if liver enzymes are within 
normallirniu. 

• Rad iog raphy 

Lal(~ral and dorsoventral projections of the skull 
should be taken to rule OUI fractures of the cranial 
vault. Radiographic assessment of hydrocephalus 
is unreliable, however ultrasonography may be 
helpful in determi ning the size of the lateral ven
tricles if the Cr.l.nial fontanelles are open. Contrast 
radiographic techniques for investigating the size 
of the lateral ventricles are reported, however 
magnetic resonance imaging (MRI) has super-

scded these techniques. The differentiation 
between asymptomatic ventriculomegaly and 
symptomatic hydrocephalus can be difficult in 
certain breeds such as the Cavalier King Charles 
spaniel. 

• CSF analysis 

CSF analysis should be undertaken if the above 
parameters are normal. A CSF tap is contra
indicated if increased intracranial pressure is sus
pected and should be performed after MRl/CAT 
if these arc to be performed. Assess CSF pressure 
during collection; submit for cyto logy, protein 
concentration and bacteriology if sample appears 
even faintly turbid on visual inspectio n. 

I FURTHER INVESTIGATION 

• Magnellc r.sonanc. Imaglngl 
compulerlzed axial tomography 

Advanced imaging techniques, where available, 
are useful fo r investigating al tered behaviour, 
allowing the identification of neoplasia, cerebral 
oedema, haemorrhage and focal inflammatory 
lesions. 

• Electroencephalography (EEG) 

EEG is a measure of the bulk electrical activity 
within the brain. Facilities for this technique are 
not widely available and t est results arc difficult to 
interpret. Lesion localization and identification 
can often be more accurately obtained by 
MRIICAT (sec Chapter 32). 
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I INTRODUCTION 

Recent advances in veterinary cardiology, most 
notably in the ~eu of diagnostic im;J.ging and car
diovascul:tr theN-peutia, have considerably added 
to our understanding of C3rdiac disease in small 
animals. Some disorders, for example pulmonic 
stenosis, which previously would have been 
considered untreatable are now managed with a 
reasonable degree of success. In particular, the 
increased awareness of the pathophysiological 
mechanisms of heart failure has led to a more 
rational and ultimately more effective appr03ch to 
cardiovascular therapy. 

I NORMAL CARDIAC PHYSIOLOGY 

Muscle cells in the atria and ventricles contract 
almost simultaneously. The t"iectrical impulse is 
generated in the sinoatrial (SA) node which is sit
uated at the junctio n of the right atrium and the 
cranial vena C2va. This sinoatrial impulse spreads 
across the atria to the atriovemriculaT (A V) node 
~sulting in atrial depolarization. The A V node 
lies in the septal wall of the right atrium dorsal to 
the septal cusp of the right atrioventricular (tri
cuspid) valve. The impulse slows down as it passes 
through the A V node which results in a delay 

Primary myocardial disease in the cat 291 
Secondary myocardial disease in the cat 298 
Congenital pericardial disease 299 
Acquired pericardial disease 299 
Congenital heart disease 309 
Management of heart failure 321 
Management of cardiac arrhythmias 328 

before ventricular depolariz3tio n. From the A V 
node the impulse is conducted through the com
mon bundle of His which divides imo left and 
right bundle branches. The right bundle branch 
travels down the right side of the ventricular sep
tum to the right ventricle; the left bundle branch 
travt"is down the left side o f the ventricular sep
tum and divides into two branches (anterio r and 
posterior fascicles). Purkinje fib res arc the sub
endocardial terminations of the bundle branches 
in the walls of the ventricles. 

• Innervallon ollhe hearl 

Parasympathetic nerves are distributed mainly to 
the SA node. atrial myocardium, AV node and 
proximal P3rt of the ventricular conduction sys
tem. Sympathetic nerves are d istributed mainly 
to the A V node and ventricular myocardium 
although some fib res also terminate in the SA 
node and at rial myocardium (Allert. 1990). The 
heart rate is dependent on the rate o f discharge of 
the SA node. Parasympathetic activi ty slows SA 
nodal discharge and prolongs A V nodal conduc
tion time. Sympathetic stimulation increases the 
rate of SA nodal discharge and shortens A V nodal 
conduction time. During rest or sleep the vagal 
inhibitory effects on the SA and A V nodes 
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predominate over the sympathetic 
effects. 

• excItatory 

Variation in vagal tone occurs during inspira
tion and expiration. Clinically and clectrocardio
gr2phic211y this may be manifested 2S sinus 
arrhythmia. Sinus arrhythmia is the teon used to 
describe the regular alterations in heart rate 
caused by the variation in vagal tone which occur 
during inspiration and expi ration. The he2rt flu e 
increases during inspir:lIion 2nd slows down 
during expir2tion. In dogs sinus arrhythmia, even 
when prono unced 2nd associated with sinoatrial 
block or sinoatrial arrest, is rarely of clinical sig
nific:1 nce. In the cat, however, si nus :lrrhythmi:l is 
abnormal and should be investigated further. 

Increased symp:1thetic activity. for example 
during exercise or excitement, increases the rate 
and fo rce o f the cardiac contractions, th :11 is, 
it causes posltl\'e inotropic and posLllve 
chro notropic effects. 

I INVESTIGATION OF 
CARDIOVASCULAR 

• History 

As always, the animal's \'accination status, past 
medical history. die t and details of any previous 
o r present treatment (including the response to 
:lny I.reatmem given) should be recorded. 

Dogs, and to a lesser extent, cau in heart failure 
often present with a history of coughing. In most 
cases this is due to pulmonary venous congestion 
and oedema, or is c:lused by an enlarged left 
atrium impinging on the bronchi at or slightly 
below the level of the C:lrina. The frequency and 
time of day when the cough :1ppears moS[ pro
no unced sho uld be noted. A cough o f cardiac 
o rigin may become worse with exercise o r excite
ment, o r at night when the animal has been lying 
o n one side (:l nocturn21 cough is highly sugges
tive of c2rdiac disease). Frcquendy the cough 
is paroxysmal terminating with :In episode o f 
pharyngeal retching and the production o f clear 
phlegm (a productive cough). 

Depending o n the severity, pulmonary oedema 
o r pleural effusio n may result in orthopnoe3.. 
tachypnoea or dyspfl()e3. (unlike pulmonary 
ocdem3. 3. pleural effusio n generally docs not 
cause coughing). Young anim:1ls with congenital 
heart defects may fail to thrive and will appear 
Slunted; this failure to g3.in weight should b< dif
ferenti3.ted from weight loss which may occur 

during the 13.lcr stages o f heart failure. C3.rdiac 
decompc:nu lion often results in a mild degree of 
pol ydipsia. Cardiac disorders resulting in a signif
icant d ecrcasc: in cardi3.c OUtpUt (low OUtput he:1n 
f3.ilure) may result in exercise intolerance, syn
cope andl or cY3.nosis of Ihe mucous membranes. 
The inappelence and weight loss which is often 
associ3. ted with the mo re adV:lnced stages of 
cardiac decompensation is usually attributed to 
c:trdiac cachexia. 

• Physical examination 

Examinatio n of the cardiovascular system can be 
broken down into five phases: (1) inspection; (2) 
temperature, pulse 3.nd respirat ion; (3) 3.usculta
tion; (4) palp3.lio n; (5) percussion. 

Inspecllon 

Docs the 3.nimal appear thin o r cachexic? Is there 
evidence of t'achypnoca o r dyspnoea? Animals 
(particularly cats) with pleural effusion become 
dyspnoeic and de\'clop a characteriSlic posture 
with elbow 3.bduction. Jugubr distension o r the 
presence of a jugul3.f pulse indicates an increase in 
central venous pressure and possible right-sided 
congestive heart bilure. Other signs o f right-sided 
heart bilure include ascites 3.nd oedem:l of the 
ventral abdomen o r limbs. 

TemperalufB, pulse and resplrallon 

The mucous membranes sho uld be examined for 
signs of pallo r or cY:lnosis. P:lllor o f the mucous 
membranes may be due 10 anaemia or poor 
peripheral perfusion. CY3.nosis impl ies inadequ3.te 
oxygen3.tion of blood and may occur with con
genital right to left cardiovascular shunts, severe 
pulmonary oedem3. (due to impaired diffusion of 
oxygen 3.cross the alveolar membrane) and 3.CUle 
airway obstruction. The normal capill 3. ry refill 
time is less than 2 s. 

Palpation 

The position o f the apex beat over the 5th inter
costal space on the left side at the level o f the 
costochondral junction should be ascertained. 
Dispbcement of the :1pex beat m:ly occur with 
large intrathoracic masses. The presence of a pre
cordi 3.1 thrill genef3.lly indicates a severe murmur. 
Both femo ral pulses should be assessed no ting 
rolle, rhythm, quality and presence of 3. pulse 
d efi cit. Finally, the abdomen should be p21paled 
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INVESTIGATION OF THE CARDIOVASCULAR SYSTEM I 257 

for ~vid~nc~ of hepatom~galy and ascites (pres
ence of a fl uid thrill) indicative of right-sided 
congestiv~ heart failu re. 

l'Bn:ussJon 

Percussion of the thoncic wall is a more useful 
t~chnique in caule and horses when it can be used 
to outline the cardiac silhouette and detect the 
pr~sence of a fluid line. 

AUlcult.llon 

Auscultation of the thof2X is discussed in 
Chapters I and 13. Auscultation should be per
formed in a quiet room, preferably when the 
animal is not panting, using both the bell and 
diaphngm of the stethoscope 10 detect low and 
high frequency tones, r~spectively. The h~:m rat~, 
rhythm and intensity of the h~art sounds and the 
presence of a h~art murmur or abnormal respin
tory sounds should be rttorded. The regions of 
the thorax over which the mitnl, tricuspid, aort ic 
and pulmonic valves can be auscult:ued are 

--------,-::----

Figure 34.1 Schematic representation of the canine tho
rax showing the points 01 maximal intensity lor aUSCUlta
tion of murmurs associated with the heart valves. M. 
mitral valve: 5th inlercostal space on the lelt side at the 
level of the coslochondral junction. T. tricuspid valve: 41h 
intercostal space on the right side at the level of the cos
tochondral junction. A. aortic valve: 3rd-4th intercostal 
space on the left side level with the point 01 the shoulder. 
P. pulmonic valve: 2nd-3rd intercostal space on the left 
side just above the costochondral junction. 

described in detail in Chapter 13. The approxi
mate locatio n of each valve is shown in Fig. 34.1. 

Obesity, pericardia! or pleunl effusion, 
diaphngmatic hernia or a large intrathoncic (fo r 
example mediastinal) mass m:ly resu lt in muffled 
heut sounds; conversely he:lrt sounds may be 
accenlu:ltcd with t:lchycardia, anaemia, excite
ment and in deep-chested animals. 

I Normal hearl sounds and Ihelr 
assoclallon wllh Ihe cardiac cycle 

The four heart sounds:1fe referred to as 51, 52, 53 
and 54. In dogs and cats the presence of a third 
(53) or fourth (54) heart sound is considered 
abnormal and usually indicates cardiac pathology. 
The relationship of the no rmal heart sounds to the 
cardiac cycle is shown diagrammatically in Fig. 
34.2. 

The first (5 1) heart sound is associated with the 
closure of the :uriovemriculu v:llves and is pre
ceded by a rapid increase in intraventriculu pres
sure. The 51 sound therefore indicates the onset of 
systole (ventricular depolarization) 2nd correlates 
with the onset o f the QRS complex on the ECG. 
Splitting of the first heart sound occasionaJly 
occurs in large breeds and is best heard over the 
cardiac apex and mitral valve region of the heart. 
51 splitting is due to asynchronous closure of the 
A V valves. In some cases, for example in large 
breeds of dog, it m:ly be regarded as a normal 
finding; in others it may be associated with bundle 

., 
52 

54 ~ P F 0 , , , , , , , , , , , , 
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, , , , , , , , 
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Figure 34.2 Diagram showing the retationship 01 the 
heart sounds and components of the normal electro-
cardiogram to the different phases 01 the cardiac cycle. 
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~r.anch block or ventriculu prem:uure contr.ac
UOIU. 

The second (52) hean sound is usoci;l. tcd with 
the closure of the pulmon;l.ry and aonic v:a l,'es 
which occu rs once the pressure in the ,'cntridcs 
drops below that in the aona and pulmonary 
:mery. The 52 sound significs the onset of the 
diastolic ph:uc of the c:ardiae cycle, 5plilting of thc 
second heut sound is, in most c:ues, p;l.thological 
and m:ay occur with pulmo nary hypen ensio n, 
pulmo nic stenosis, bundle br:mch block and ven
tricul;!.r prem;nure contractions. Occasionally 52 
~ pl i t~in~ can be heard in norntal dogs during 
IOspmlUon. 

The third (53) heart sound is C;\used by r:apid 
ventricular filling which occurs early in dias tole. 
During diastole the pressure in the ventricles 
approximately equa.ls a.tmospheric pressure and is 
s lightly less than the at rial pressurcs therefore 
blood flows p;l,ssively through the ::r.trioventricubr 
valves, Rapid ventricular filling allows the ventri
cles to fill to approximately 70% of their diastolic 
vo lume before the sino;l,trial node discharges and 
the atria contract, The 53 sound is no t normally 
heard in dogs and cats and its presence indicates 
ventricular d ilation. It is ;I. low frequency sound 
best heud over the cardiac apex or milral valve 
rcgion. It occurs towuds the cnd of the T w:ave on 
an ECG, 

The fourth (54) heart sound is nOt normally 
heard in dogs and cats, It immedi;ttcly precedes 51 
and like the 53 sound iu presence i, usually ano
dated with atrial and/ or "entricular dilation. The 
54 sound represents blood flowing r.apidly into 
the vcmricles as a resuh o f :a trial contr:action 
(which accounts for the remaining 30% o f the 
diuto lic volume). It is a low pitched sound best 
heard over the pulmonic and aonic valve regions. 

Systolic clicks arc audible between the first 2nd 
second heart sounds and mayor may no t be asso
ci2ted with a murmur. Their clinic;tl signific:mce is 
uncertain. The presence of a systolic click may 
indicate 2n abnormality in the formation and 
therefore the closure of the atrioventricular 
valves. M2ny 2nim21s with systo lic elicks develop 
a mitral insufficiency murmur within 6-12 
months (Gompf, 1983). 

• GaliDp rhythms 

A gallop rhythm consists o f thrcc be;tts. The most 
common type of gailop rhythm in dogs iS:l proto
diastolic gallop which represents ;tn 2cccntuation 
of thc third (53) hem sound (Ett inger and 5uter, 

1970). This may occur in cues of mitral o r tri
cuspid insuffi ciency when rapid "entricul;tt fill ing 
results in diastolic overloJ.ding of the ventricles. A 
summation sallop is caused by fusion of the third 
(53) J.nd fourth (54) hean sounds. The third hean 
sound produced is audible during diastolc and its 
presence always ind ic;ttes c:1fdiac pathology (for 
example ventricular dilation). A presystolic g2110p 
represents :accentuation of the founh (54) hean 
sound and is occuionally heard in dogs with 
mitr.al insufficiency. 

• Card iac murmurs 

Cardiac murmu rs arc caused by alterations in 
blood flow through the hean or its major outflo w 
traCl5 which produce turbulence. It is imporunt 
10 record details of a murmur fo r comp;trison 
with later observations (possibly by a different 
dinician) which lIt;ty in turn correlate with 2n 
alterc:tl cl inical present::r.tion. The criteria used to 
ch2r.acterize a cardiac murmur 2re discus$Cd in 
greater deuil in C hapter 13. It is imponant to 
realize thai the intensity of a murmur docs not 
necessaril), correlate with the severity o f the 
cardiac patho logy responsible for its productio n 
or presence o f congestive heart f;t ilure. 

Timing (systolic, dl, stollc Df cDntlnuous) 

A pansystolic or holosystolic murmur eXlCnds 
throughout systole, that is betwccn the first and 
second hean sounds; 2 diastolic murmur occurs 
after the second hean sound. A continuous mur
mur has both systolic and diastolic components. 

Inl,nslty 

The intensity of ;t murmur can be graded subjec
tivel y on a sulc of 1-6 as follows: 

Grade I: Careful ;tuscultation required; murmur 
barely audible. 

Grade 2: Very soft murmur but hcard immedi
ately when the stethoscope is applied to 
the chest wall. 

G ... dc 3: Murmur approximudy the same inten
sity as no rmal hean sounds. 

Grade 4: Loudcr than normal hean sounds but 
no precordial thrill. 

Gr;tde 5: Murmur can be heard with stethoscope 
b:arely touching chest wall; palp;tble 
precordial thrill present. 

Grade 6: Murmur he;trd with stethoscope away 
from the animal's chest. 
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PIlCh lirequ"..,} 
High frequ~ncy ejection-ty~ murmurs associ· 
ated with aorUc or pulmonic stenosis have a 
sharp, b lowing quality compared to the low fre
quency, hanh regurgitant murmurs more typical 
of atrioventricular insufficiency. Other murmurs 
may be described as squeaky o r musical. 

Ship, 

The sha~ of a murmur refen to iu modulation or 
quality. D~s the murmu r vary in intensity? A 
crescendo murmur is one which incrust.S in 
intensity; a decrescendo murmur decreases in 
intensity. A crescendo-decrescendo murmur 
(diamond-shaped) murmur builds up to peak 
intensity and then falls away. 

Rldl,lIon 

The capacity of a murmur to r1ldi,uC to d ifferent 
areas of the thon.cic cavity reflecu iu origin and 
pathogenesis. The murmun of aoruc o r pulmonic 
stenosls often radinc to the thoracic inlet (in the 
cast of aortic stenosis th~ murmur may radiat~ up 
th~ carotid an~ri~s). Murmurs associated with 
severe mitn.1 insufficiency n.diate cranially and 
dorsally. 

I Laboratory In .. sllgallon ot cardiac 
disease 

Routine haematology and a full biochemistry 
screen may help to exclude the presence of an 
underlying diSe2se process as a cause fo r a cardiac 
abnormality, for ~xample anaemia may be ruled 
out as a cause of a systolic murmur, Arrhythmias 
may be the result of electrolyte o r acid-base dis· 
turbances, o r endotoxaemia. Feline hypenhy
roidism is frequemly associated with myocardial 
disease therefore, where appropriate, thyroid hor
mones should be assayed, 

There arc presently no specific laboratory 
tesu fo r use.uing myocardial dam:age, Lactate 
dehydrogenas~ m:ay be released fro m damaged 
myocardium but oth~r tiS5U~S, most notably 
kidney, skeletal muscl~ :and li\'er :also contain 
high concentn.tions of th~ enzyme. Low output 
cardi:ac f:ailur~ may result in a significant 
incr~asc: in the plasma concentn.tions of urea 
and cr~:atinin~ due to pre:rcnal azotaemia; pas
sive venous congestion of the liver associated 
with righHided congestive hean failur~ usually 

rc:sulu in a moderately incre:ased level o f plasma 
alkaline phosphatas~ (ALP) and :al anin~ :amino
tn.nsferase (Al n, 

H aematological ex:amination of animals with 
congestive o r lo w OUtput cardiac fail ure is 
o fte n unremarkable, H ypoxia may result in 
increased numbers of circulating normoblasts 
and animals with severe ascites andl o r pleunl 
effusion may have low or low normal concen
trations of tor:al plasma proteins due to hypo
albuminaemi:a. 

• Electrocardiography 

An electrocardiogram p rovides a gr:aphic 
record of the voltage produced by cardi:ac 
muscle cells during atri:al and ventricular depo · 
larization and repo lari :z.:a tion ploued against 
time. The electrical fo rces produced possess 
both direction and magnitude and can there
fore be reg:arded as true cardi:ac vectors. The 
cardiac or mean electrical axis (MEA) repre
sents the summatio n of many different forces , 
The MEA is the cardiac vector representing the 
avenge di rection of spread of the depolariza
tion wave through the ventricles as viewed 
from the frontal plane, that is th~ hea n is 
viewed from the front with the animal standing 
up on its hind limbs (Fig. 34,3), 

E:ach lead on an ECG represents a hypothetical 
line dn.wn between twO sites on the body surface 
to which electrodes :are attached. Each lead h:as a 
positive and negative pole and views the hean and 
tbe cardi:ac v«tor from a slightly different posi
tion. In most cases:a hexaxial lead syStem (Bailey'S 
hexaxial lead system) will provide an ECG of 
diagnostic quality. This combines three bipolar 
limb leads (leads I, II and III) with three unipolar 
limb leads (a VR, a VL and a VF). 

Tht! main um of an fCG art! al followl: 

• Evaluation of chamber enlargement due to 
hypenrophy o r dilatio n, ECG changes which 
suggest chamber enlargement should always be 
interpreted in :association with n.diogr:aphic 
:abnormalities. 

• Det«tion of cardiac arrhythmi:as, An ECG 
may be helpful in determining the type, origin 
and severity of an arrhythmia. 

• Evaluation of cardiac then.py, for example 
with cardiac glycoside! or anti-arrhythmic 
drugs. 

• Detection of eI«trolyte or metabolic distur
bances. 
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Flgutl34.3 Mean electrical axis (MEA) viewed from the 
frontal plane. 

• EY.llunion of the prognosis and progrnsion of 
a disuse process. 

• Anaesthetic monitoring during surgery. 

An ECG is normally performed with thc ;mimal 
pl;loced in right b.tcral recumbency on a rubber 
tOppt.-d u.blc o r ;10 blanket to prevent 50 cyclcs 
interference. With cats or any critically ill 
animal. espccially thosc which ;lore scverely 
dyspnoeic. the ECG is best performed with the 
animal placed in sternal recumbency or in any 
position which the animal finds comfortable. 
The posilion of thc animal sho uld be t3kcn into 
consideration when interprcting the ECG; sur· 
nal r«:umbency increases the amplitudc of Ihe P 
and R w;&\'cs and may shift the mean elcclrical 
axis by u much u 10'> to the Icft (Gompf and 
T illey. 1979). 

Continuous 24 hour ambul.tory 
.'."roClrdlolraphy 
A routine ECG records only a brief period of 
heart rhythm yielding information relcvant only 

to the time of usessment. U rl2;n Iypes of 
arrhythmia such as paroxysm21 ventricub.r tachy· 
cardia may only be prccipit2ted by exercise or 
excitemcnt 2nd, therefore, may not be dctected on 
a routine ECG. As a result, cpisodes o f collapse, 
cvcn if truly eardiogenic in origin, may remain 
undiagnosed because many cases appear clinically 
normal when examined. Continuous 24 hour 
ambulatory ECG monitoring circumvents this 
problem and provides a reliable and simple means 
of corrc:lating clinical signs with disturbances of 
cardiac rhythm in the animal's home environ· 
ment. 

In one stud)'. continuous ECGs performed on a 
scries of healthy dogs showed marked sinus 
arrhythmi:t with usociated long sinus pauses (5-
7 s in some dogs) in both brachycephalic and non· 
bl'3chycephalic breeds during sleep. Intermiuent 
ventricular premature complexes were also noted 
(H all et al., 1991 ). TwentY4four hour ECG moni
toring hu proved useful for monitoring the 
progress and re:sponse to ther.l.py in German 
shepherds with 2n inherited form of ventricular 
ectOpy which rna)' result in sudden death between 
of and 8 months of age (Moise and Gilmour, 1992) . 

Th. ECG and ths &ardll& &ycls 

The phases of the cardi;lc action po tenlial are the 
resuh o f sequential changes in cell membrane ion 
pernle:tbility and movement of ions into and out 
of the myocardial cells. Each phase of the cardiac 
cyde corresponds to a specific segment on thc 
ECG trace (Fig. 34 .2). The P w:/lve represents 
atrial depolarization; the righl atrium contracts 
fractionally before the left atrium. Enlargement of 
the atria, p:trticularly the left alrium, accentuates 
this asynchrony :tnd results in widening and 
notching of the P w.tve. The QRS complex repre
sents ventricular depolarization and the: l' wave 
ventricular repolarization. The first negative 
deflection o n lead II is the Q wave which is pr04 
duced by discharge of the middle and :lpical po r· 
tions of Ihe ventricular system. D epolarization of 
the left and right vcntricular free walls produces 
the R wave (under norm:tl circum51.tnces, the R 
wave reprcsentS depolarization of the left ventri
de which is thicker; the deflection produced by 
the thinner right ventride is esse:ntially cancelled 
out). The R wave is the first posilive defle:c tion of 
the QRS complex on lead II . The S wave is the 
neg;ltive deflection which terminates the R wave; 
il is o ften difficult 10 define accurately and docs 
not consistently appear o n every ECG. The P- R 

'0'. , 
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interval represents the delay in conduction of the 
sinoatrial impulse through the atrio ventricular 
node. 

8.,1, prln&lpla, 01 EeG Inl'rpmf6Uon 

Normal ECG parameters, the criteria us~ for 
documenting chamber enlargement, and the 
electrocardiographic features of the more com
mon arrhythmias are given in Tables 34.1-34.3 
(see also Chapter 29). ECG abnormalities should 
always be interpreted in conjunction with the 
radiographic findings. An ECG does not differen
tiate between dilatation and hypertrophy. 

The following questions should be answer~ 
before the ECG is analysed in detail. 

• Is there a P wave for every QRS complex? 
• Is the relationship of the P waves to QRS com 

plexes conuam? Slight differcnces in the dura
tion of the P- R interval due to variation in 
vagal tOne are acceptable, but should not 
exceM 0.01--0.02 s. 

• Are all the P waves and QRS complexes simi
lar ? Altered configuration may indicate an 
ectopic focus or an abnormal (blocked) con
duction pathway. 

Ectopic impulses caused by foci of abnormal 
electrical discharge may originate outside the 
sinoatrial (SA) node in the atria, atrioventricular 
junctional tissue (AV node) or ventricles. 
Supraventricular ectopic impulses result in nor
mal or near normal QRS complexes and altered or 
absent P waves. Ventricular ectopic impulses 
result in distorted. o ften biphasic QRS complexes 

which are wider than normal and are not associ
ated with a P wave. 

• Radiological examlnallon 

Thoracic radiographs are essential in the evalua
tion of animals with suspected heart disease. 
Changes in the cardiac sithouette and lung fields 
provide direct information about the hean size, 
the condition of the lungs and volume load in the 
circulation. Thoracic radiography may facilitate 
or confirm a diagnosis suspected on the basis of 
physical examination, help in assessing the scver
ity of known heart disease. o r aid in the evaluation 
of thc efficacy of treatment. 

Good quality radiographs are requir~ fo r accu
rate diagnosis and assessment. Attention to detail 
during the making of the radiograph is impom.nt. 
Accu rate positioning is essential. The use o f rare 
earth intensifying screens and a high kilovohage 
(kV) technique will help to minimize mo vement 
anefact. Exposure should be made at full inspira
tion so that the lung fields are fully expanded and 
aerat~. Both right lateral and dorsoventral (DV) 
rather than vcntrodorsal projections should be 
made. These projections arc preferred since the 
heart lies in a more consistent position. 

Radiographs should be examined carefully and 
systematically for the following criteria. 

Size 01 th' ,.,dl., ,lIhou,na 

Wide variations in shape and size of the heart 
occur in different breeds of dogs. for example in 

Table 34.1 Normal ECG parameters for the dog and cat' 

Plrameler 

Heart rate 
P wave duration 
P wave amplitude 
P-R Inlerval 
ORS duration 
R wave amplitude 
o-T Interval 
Twave 

Mean electrical axis 

• Measured on lead II. 

Normal values (do;) Narmal Vllues (Cit) 

70-160 bpm~ 160-200 bpm< 
0.04 s (maximum) 0.04 s (maximum) 
0.4 mV (maximum) 0.2 mV (maximum) 
0.~.13 s 0.05-0.09 s 
0.06 s (maximum) 0.04 s (maximum) 
2.5-3.0 mV 0.9 mV (maximum) 
0.15-0.25s 0.12-{).18s 
Usually less than l f41he heigh! of lhe R wave (0.3 mV maximum in 
cats): may be posillve, oegallVe or biphasic but should nol change 
polarity within arty one lead 
+40' 10+1000 Oto+ I 60' 

• May be greater than 180 bpm In lay breeds and puppies. 
' May be greater than 180 bpm In nervtHJS cats and kittens. 

AYKlrS'(O zas~ C 10 gradivo 
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Table 34.2 Abnormal ECG parameters and their significance in dogs and cats 

Abnormal ECG parameter 

Wkle P wave (P milraJe): P wave may aiso be notcl'led 
Tail, peaked P waves. occaSionally atrial T waves 
(T. waves) may be seen as a negalive deflection within 
tile P-A segmenl T, waves represent repolarfz.atlon 01 
tile atria 
P waves tall , wl(la and otten notChed 
Wide ORS complexes; tall R waves: 5-Y slurrino 
(coving): very occasionally Illere Is deviation of the 
MEA to the left (see below) 

Deep S waves m leads I, II all<! III (usually also aVf): 
deep a waves in leads I, II, III and aVF, S and a 
waves must be greater llIan 0,5 mV to be classllied 
as deep 
Lelt axis deYIatlon (MEA usually between -30' and -9(]') 

RlQht axis shitt (MEA> 100- lor dogs and >160" lor cats) 
Prolongation 01 P-R inteMI (/lrst deoree atrioventriCular 

.""'1 

5-T seoment depression (5-T segment more than 
0.2 mV below the baseline) 

Yall, peaked T waves 
Small. blphaSic T waves 
T waves reverse polanty or iocrease in height in any 
ooe lead 
Prolongation 01 D-T InteMI 
Shortenmg 01 o-T Interval 

Signilicance 

Left atrial enlargement 
Right atrial enlargement 

Bilateral atrial enlargement 
lelt ventricular enlargement; ",lide. usually blphaslc ORS 
complexes. each pleceded by a P wave are also seen With lell 
and right bundle branch block and fight ventflcular hypertrophy 
(see below) 
Right ventricular enlargement (usually hypertrophy): deep a 
waves are plobably less reliable an indicator of right Y1!ntricular 
enlargement Since they may occur in smaller dogs with 
blventrlcular enlargement and in deep chested breeds 
lett ante nor lasticular branch blOck (MEA usually nonnal with 
complete lett bundle branch block); a lelt axis shill is rarely seen 
With left ventricular enlargement 
RighI ventricular enlargement or right bundle branch block 
Excessl'Je vagaltooe. eg_ in brachyCtphalic breeds (may be 
asSOCiated With marked Sinus arrhythmia. a 'wandering 
pacemaker' and second degree AV blOCk); drug therapy (early sign 
01 digllallS 10ricity but may alSo occur with beta blOCkers, calCium 
Channel blockers and certain antidysrhyihmic drugs); disease 01 
the atrial myocardium or AV node: hyperblaemia; endoloxaemla 
Myocanllal Isthaemla or hypoxia: ollen associated with signs 01 
lelt atrial and lett venlrlcular enlargement (eg Is a common 
linding In dogs with dilated cardiomyopathy showing signs ot 
severe IV congestJve: heart lallure): occasionally 5-T segment Is 
elevated above the baseline 
Hyperkalaemia 
Hypokalaemia 
Myocardial hypoXia 

Hypocalcaemia; hypOkalaemla: hyperltalaemia 
HypercalcaemIa: digitalis administration 

d~ep ch~stcd breeds the heart is tall, narrow and 
upright whereas in barrd-eh~sted br~eds it is 
almost globular. O n the lateral radiograph, the 
craniocaudal width of the normal hel.rt is between 
2,5 and 3,5 intercostal spaces and its h~ight is 
approximately two-thirds the h~ight of the tho
racic cavity. The trachea normally diverges from 
the thoracic spine except in the case o f barrcl
chested br~eds in which it may run parallel to the 
spine. On the dorsoventral proj«tion, the normal 
heart should occupy no more than two-thirds the 
width of the thoracic cavilY with the apex to the 
left of the midline. 

The width of the normal feline heart taken 
perpendicular to the long axis on the 1l.teral 
projections shou ld be less than 2.25 intercostal 
spl.ces. 

The size of the cardiac silhouette is incr~;l.sed 
in congestive heart failure, p~ricardial effusion 
and peritoneopericardil.1 diaphragml.tic hernia. 
The cardiac si lhouette may be decreased in size 
(microcardia) due to hypovolaemia. 

Enl'fgsmsnt 01 individu,' c"dlsc ch,mbsfS 

The normal position of the cardiac chambers is 
indicated on Figs 34,4 and 34.5. Radiographic 
changes that occur with left -sided. right·sided and 

The cat shows far less variation in size, 
although the angle of the long axis docs Vl.ry. 

A ... [1I.., 0 .. as ... ellO gradivo 



o 

• 
-

Tablr 34.3 Eletlrocardiographlc fealurrs and possible causrs 01 commonly encounlered arrhythmias 

Sinoairial nodr arrhythmias 
Sinus arrhythmia 

Wandering pacemaker 

Sinus arrest or slnoalnal block 

Sinus bradyCardia 

Sinus lachyca/(lla 

Sick sinus syndrome 

Atrial arrhylhmias 
Amal prrmalUre complex (APe) 

Alrial tachytardla 

Elrclro,ardlollraphic lratures 

Variatioo In Ule intervals between SUCCesSIve P waves 
With altemating periods 01 slower and more rapid heart 
rales which are related 10 respiration 

Variation In ampli tude and/or polarity 01 P wave; 
relatIOnship 10 ORS complex r!mains constanl 

Delay between IWO successive P waves equal to or 
greater Ulan two Umrs the normal R-R inteMI 

Heart rale less lhan 70 bpm (dog) Of 160 bpm (cal): 
rttythm is regular, may be associated wllh lunctlonal 
Of ventriCular escape complexes 

Heart rale grealer than 160 bpm (dog) or 220-240 bpm 
(cat): P waves may be 'lost' In preceding T wavrs 

Severe sinus bradycardia or sinoatrial block; heart rate 
ol1en less than 40 bpm; intarmittenl bouls of 
supravemricular tachyCardia or suprawnlricular 
premature complexes: concurrent AV nOdal disease 
may result In AV block 

A premalure ORS comJ)lex is usually 1011Owt!d by a 
pause; IhfI P wave, althOugh 51111 reialed 10 the ORS 
comple)(, Is abflOrmal alld precedes the QRS complex 
or Is sometimes hidden In Ihe precetlmg T wave; P-R 
Inlerval may be normal, shorter or lOnger, Atrial 
bigeminy occurs when every other complex Is an APC 

Foor or more APes In a row: may be paroxysmal or 
sustaliled (usually lntermillenl); regular tachyCardia Wllh 
cooslanl R-R InleMIs. P waves posItNe In lead II bUI a 
dlNerent shape and a P wave present lor every ORS 
complex; OAS complexes appear normal 

Posslblt caUSlS 

Varialion in vagal lone during inspiralJOn (heart rate incream) and expiraTIon 
(lleart rate decreases): more pronounced In blachycephalic breeds: 
physiological In dogs but pathOlOgical In cats 

Occurs With pronounced sinus arrhythmia and rellects variatIOn in vagal tone 
(more common In brachytephallc breeds): d~italis toXiCIty 

Increased vagal tOIll! (more common In brachy(:ephaflc breeds): occurs In 
association wilh SinUS arrhythmia and wandering pacemaker, usually 
asymptomatic and Should be abolished With atropine or exercise: may occur 
with digitans toxicity and occasionally mediastinal masses 

Hypottlyroidism: hypoadrenOCOrtlClsm: Ilypolhermla: digitalis toxicity: 
pltySiolOgical in a lit dog; may be asymptomatic or assOCiated wlth weakness, 
lethargy aoo collapse 

Nervousness, lear or pain: fever; hyperthyroidism; shoclvlrypolenslOfl: aflilemia; 
congestIVe heart failure: Inlection: phaeochromocytoma: drugs (vasodilators. 
atropine) 

Disease of lhe alria and/or AV node, e.g. fibrosis; small breeds 01 dog aNected. 
e.g miniature schnauzers and pugs; if associated WUIl weakness 
Of syncope gIVe atr0pllll! (0.04 mg kg.' I.m.) and repeal ECG 

Atrial enlargemenl (dilatation) associated With volume overlOad aSSOCiated 
wllh AV Insulliclency. cardiomyopathy or coogenltal heart disease; 
Iumour Infiltration 01 the myocardium; toxaemia; uraemra; 
digitalis tolliCity: SIIvere heartworm dISease; excessive vagal tone: anaesthesia 

Severe mltral lnsuNiclency: same diseases Il'Iat cause APes 
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Table 34.3 (con/d.) 

Electrllcardlllgr1ph Ic lealures 

Alnal fibrillation (AF) Hear! ra~ usually greater !nan 180 bpm In tile dog; rhythm is 
typically Irregular (R-R Intervals variable); P waves absenl and 
replacea by fibrillatory 'I' waves (occasionally saw·tooth 
panem 01 atnailluner); normal ORS compll!lles (or changes 
consistent Wllh lell ventricular enlargement); aberrant 
conducllon al heart rates greater IIlan 200 bpm occasionally 
results In abnormal OAS complexes; also 5-T segmeflt and 
T wave ct\anges 

AI/iii standstill Bflldycardia (hear! rate usually less than 60 bpm) 
associated wllh a slow slnoventdcular rhythm; rhythm 
may be regular or Irregular. P waves absent; ORS 
compll!lles normal or wide il concurrent bundle br1nch 
block; T wave of len tall wllh hyperblaemla: 5-T 
~ment elevilteil or depressed 

Arrhythmias Involvlnll the AV 
node or junctionaltiuue 
JunctJonal premature complex (JPC) P wave usually negative 1M lead II and may be hidden 

Within IIle OAS compll!ll or may precede or 100IOw il 
(P-A Interval therefore variable); OAS complex 01 
premature contraction appears normal 01 near normal 
and JPC may be loIlowed ~ a pause 

Junctional taChycardia 

Venlricular arrhythmias 

Hear! rate usually Within normal limits and rhythm 
regular (ectopic locus al AV [unction aclS as primary 
pacemaker); run 01 JPCs, I.e. P waves negatIVe and P 
wave lor every ORS but they may be hidden in precedlllO 
T waves or seen 10UowIMO ORS complexes 

Ventricular premature complex (VPC) Normal heart rate but rtrythm brollen ~ premature beat 
loIlowed ~ a pause; wide, bilal/e ORS complex which 
Is not assoclateil With a P wave; P wave may be loslin 
the VPC; "topic complexes may be 01 identical sllape 
(unllocaJ) or 01 variable shape (multiform) depending 
on whether they originate from one or more foel: VPCs 
which are superimposed on the preceding T waves 
(A on T phenomenan) are usually multllocal aild may 
plecede transition to ventricular taChycardia 

Piluible caU$\!IS 

Severe distension 01 alna due to AV InsuHlclency, cardiomyopathy 
or coflgenltal hean dISease. Clinically, M is characterized by pronounced 
exercise In\oier1l1C1, syncope and signs 01 congestlVll heartlallure. Tile 
hear! rhythm Is typically chaotic with pronounced pulse defiCIts. 
The lemoral pulse varies In irll!nslty. Af With a slow ventricular response rale 
occurs In some clinically 'normal' large giant breeds 

Transient alrial standstill occurs With hyperllalaemla and digitalis tokiclly; 
persistent atrial standstill has been repor1ei1ln dogs, especially springer 
spaniels, wHh a lorm 01 muscular dystrophy resembling Emery-Oreiluss 
muscular dystrophy In humans (Miller and Tilley, 1995), 
Electrolytes are normal In these cases 

Atnal enlargement due to AV Insulliclency, cardiomyopathy or conoerutal 
hear! disease: digitalis toxicity 

As lor lum:tlOnal premalUte complexes 

CanlJaC cau~s: conoesbve heartlallure; cardiomyopathy; 
myocarditis; pericarditis; myocardial Ischaemia and inlarction; 
neoplastic infiltration 01 myocardium: coooenital hear! disease: inhenteil 
ventricular ectopy has been reported In German shepherds (Moise 
and GllmoUl, 1992) 
Non-cardiac causes: endotoxaemia: uraemia: hyperthyroidism; gastric 
dllatatJon--wlvulus; pam:realltis; electrolyte Imbalam:e; hypoda (e.g due 
to severe anaemia): drugs (digitalis, anaesthetic agents) 

-



VefllrloJlar IJchycardia 

Ventricular Ilutter 

Venlricutar fibrillation 

Fuskln beat 

Capture beat 

EsCIIII rhythms 

EI,tbocanllotraphiC lemras 

MIy be paroxysmal or contlflLlOllS; ventricuw rale 
orealer thaI1100 bpm; runs 01 VPCs 1041Owe1:1 by. 
pause belOfe normal sinus rhythm resumes; P W3't'eS 

unrelated to \hi! abnormal ORS complexes; lusion and 
capture bealS pr~t may progress to ventricular 
!Iutter or ventrlCuiar fibrillation 

Usually terminal event smooth rhythmical undulations 
ollhe baseline: no P waves, ORS complexes or T 
waves seen 

Terminal event which progresses to cardiac arrest; 
fibnllallon descnlled as coarse Of lin!; POIIed,lrregular 
undulations 01 tile baseline 

A ventricular premature contraction occurs 
SImultaneouSly WIth the anivat 01 a nollnal $Inus 
Impulse, lusiOll complexes have a configuralJon midway 
belWeen a normal ORS compieK arM! a VPC; usually 
preceded by a P wave; seen WIth ventricular 
tachyCardia 

The occasional P wave occurs 31 the right time and 
'captules' the ventricles lor 01)8 beal to produce a 
normal ORS complex; seen WIth ventricular tachyCardll 

May be juoclional or ventricular In origin; a slnole 
spontaneous Impulse from a lower pacemaker 
conslrlUles an escape complex, air run Of three or more 
such complexes is an escape rhythm . The heart rate IS 

usually slow (usually Itss IlIan 60 bpm); WlIh tunCllcMlal 
escape complexes ORS configurallon Is usually normal ~ 
P wave IS negative and may precede. be superimposed 011 
or lollow tile QRS complex; with ventricular escape 
compleXes ORS configuratiOn Is similar to lhat 01 a VPC 
and P waves are absent unless complele Ihjrd degree AV 
block Is presenl In which case P waves ale unrelated 10 
the ORS complexes 

Posslbl, callan 

Sam!! card~ Ind noo-cardiac causes as lor ventricular premature contnrctions 

As lor ventricular tachycardia 

As lor ventricular tachycardia 

See ventf'ICul.u tachycardra 

See ventlicular tachycardia 

Escape rhythms occur when the actiVIty of the pacemaker With hlOllest 
automatraty (usually the SA node) slows Of when the SA oodallmpulses 
are blOcked completely Heir! rhythm IS maintained al a SIowt!r rate 
by spontaneous discharge 01 a lower pacemaker located erther 
In tile AV iUOCllOOalll$Sue or ventricles May be associated With 
hypertalaemra. digitalIS tOruelty, Increased vagal tone or SICk sinus syndrome 

-
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l.bl, 34.3 (con/d.) 

Atriov,nlrlcul.r heart bloCII 
First degree AV bIotk 

Second degree AV block 

Third degree (complete) AV block 

Bundle branch block 
lett bundle branch block (LBBB) 

Eleclrocndlograpl'lit lealuru 

NOIINI rhythm. P waves <md CRS COOlIIIexes normal and 
p Wilve IOf every CRS complex; P-R interVal prolonged 
(:>0.135 In the dog and >0.09 s in the cal) 

Mobitl type I slow or normal lieU! ratl intermittent P 
waves WIth no asSOtiated ORS complexes, P waves 
and CRS comp!eXe$l'lOfmal; gradual prolongatIOn 01 
sUC ... SSMl P-R Intervals until a P wave IS blocked 
Mob/u t}'1M II. as lor type I but a IlJ(ed IiItIO 01 non
conducted P waves 10 ORS complexes. I.e two 01 Ihree 
P wave! lor every CRS complex; P-fllnterval conSlanl 
allhough may be klnoe, than normal: may progress 10 Itmd 
degree AV block 

No relationship bet'N!!n P waves and ORS complexes 
(P W3V!S may be '1Ost'ln CRS complexes); heart rale 
usually <60 bpm (dog) or <100 bprn (cal); P waves 
normal; ORS complexes oflen abnormal due 10 bundle 
branch block or presence 01 ventricular escape complexes 
(ldioventrkular escape rhy\tlm); occaSionally complexes 
may be I)Orlllal il block high In AV node 

DRS complexes wldtr lhan lIormal (>0 B 5 In the dog and 
>0.06 s III the cat); DRS complexes positIVe In leads I, 11, III 
and aVF and neo.llNe in leads aVR and al/L DRS complex 
preceded by a normal P wave 

RIOhI bundle branch blOck (RBBB) DRS complexes wider lhan normal (cutena as lor LBBB); 
right axis deviation WIth deep WICIe S W2VtS In leads I. II, 
III and aVF; DRS complexes positive in leads aVR and aVl. 

Lett anterior lasciCular block ORS comPlexes 01 normal duraliof'l ; marUd left aXIS 
dllViation Wllh deep S waves In Iuds II , III and aVF; SITYII 
o waves and tall R waves in leads I and aVl. 

Electrical altemans P waves, ORS complexes Of T waves allernale In nelghl 
Wllhtn the same lead (usually recoglllzed In tile R wave); 
heart rale and rhythm normal or Incrwed (may be 
supraventricular tathycaldia): R waves may be small, 
P waves always rela led to QRS complexes 

Possible CIUsel 

DioltallS toxiaty. qumldille toxiCt!Y. hyperblaemji, Increased vagal lone: Diner 
drUOS Which slow heart rate (beta blockers. calcium channel blockers); 
may be stefl in Older dogs wllh mJlrallllSulficiency 

HeredltMy In PUOs, MabilZ type I WIth digitalis toooty and Incr'?sed vagiltone; 
MobilZ type II usually aSSOCiated WIth cardIaC disease (prOOl'lOSlStends 
10 be less la'lOUlable) 

Conoeliltal heart defects. severe digitalis toxicity with concur/ent underlying 
cardiac pathOlogy: neoplastic inilitrat/Oll 01 IIle myocardIUm: idiopathIC 
myocard.alltblOsls fl1VolvmQ the myocardium and/or conduction pathways; 
hyperttophlc cardiomyopathy, bactenal endocardlUS; myocardial 
Infalctlon, hypertaJaemla and Lyme disease (TIlley, 1992) 

Myocardial dISease (dilated cardIOmyopathy or myocardial ischaemia): 
congenital Subvalvular aortIC stenosis 

May OCCUl In normal dogs and rarely causes haemodynamlc problems: 
5eeI1 WlU1 myocardial dISease, Vi/vular IlbrOSls (endocardiosls). 
conoellltai heart dJSNse and cardiac neoplasia 

HypertrophIC cardiomyoJWhy especially In tats; myocardiallscha!!mli and 
lnlarction 

Pencardlal efluslon, pleural eflUSion 

-
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generalized cardiomegaly are shown diagrammat
ically in Figs )4.6-)4.8. 

An,um,nt 01 th, pulmon.ry v.scul.ture 
The pulmonary arteries and veins should be of sim
ilar size and run on either side of the bronchi. The 
aneries are dorsal and the veins ventral on the lat
eral projection and the diameter of the cranial lobe 
vessels should be smaller than the proximal third of 
the fourth rib. On the dorsoventral projection the 
right and left c:tud:tl lobe vessels can be identified. 
The aneries are I:ueral to the veins. They should be 
of equal size and should not exceed the diameter of 
the ninth rib where they cross. The pulmonary ves
sels should be assessed forsignsof tortuosity, prun
ing and loss of margination. Conditions which 
increase the size of the pulmonary vessels include 
left-to-right shunting (for example patent ductus 
arteriosus, ventricular septal defect), congestive 
heart failure, heartworm disease and iatrogenic fluid 
overload. The pulmonary vessels may be reduced 
in right-w-Ieft shunting (for example tetralogy of 
Fallot), severe pulmonic stenosis. hypovolaemia 
and pulmonary thromboembolism. 

blood . 

• 

Ass.ssm.nt Dt the putmDnary pan.ms 
Pulmonary congestion and oedema may be Seen 
predominantly in the dorsocaudal lung fields in 
chronic left-sided cardiac f:tilure. In acute left
sided failure. alveolar oedema is seen more 
diffusely throughout the lung fields. In cats, pul
monary oedem:t often appears as an interstitial 
rather than alveolar pattern. 

AIs,um,nl of til, cauda' ~'n' ca~a 
The normal caudal vena c:tva is usu:tlly parallel 
sided and of similar size to the :tona. On the lat
eral projection, it slopes slightly cranioventrally 
before merging with the caudal outline of the heart. 
Enlargement of the caudal vena c:tva and liver is 
evidence of right-sid«l. heart failure. Pleural effu
sion and ascites can also be seen in some cases. 

Ass,ssm,nt of Ih' ,rell vru,Js 
POSl-stenotic dilatation of the great vessels can be 
seen in some cases of congenital subaortic or pul
monic stenosis and results in filling of the cranial 
cardiac waist. 

( 
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Agure M •• (a) Drawing from a right la teral thoracic radiograph of a normal dog showing the position of the major 
anatomical structures. (b) Drawing from a dorsoventral thoracic radiograph 01 a normal dog showing the position of 
the major anatomical structures. AA, aortic arch; AA, right atrium; AV, right ventricle; LA, left atrium; LAu, left auricu
lar appendage; lV, left ventricle: PA, pulmonary artery: CdVC, caudal vena cava: T. trachea; Cl, cranial extremity of left 
cranial lobe; LB, common opening to the left cranial and middle lobe bronchi: CrM, cranial mediastinum; CdM, ventral 
caudal mediastinum; AC, right crus: LC, left crus. 

Avle ozasc elOgradivo 
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RV 

• • 
f igure 34.5 (a) Drawing from a righllateral thoracic radiograph 01 a normal cat showing the position of the major 
anatomical structures. (b) Orawing from a dorsoventrallhoracic radiograph 01 a normal cat showing the position 01 
the major anatomical structures. Abbreviations are the same as for Rgufe 34.4. 

• 

Figure 34.6 (a) Drawing from a right lateral thoracic radiograph of a dog with left-sided heart enlargement showing 
elevation of the trachea. straightening 01 the caudal border of the heart, tenting of the lelt atrium with loss 01 the caudal 
heart waist and splitting 01 the caudal lobe bronchi. The normal heart outline is represented by the dolted line. 
(b) Drawing from a dorsoventral thoracic radiograph of a dog with left-sided heart enlargement showing widening of 
the cardiac silhouene, enlargement of the left auricular appendage, double opacity of the enlarged left atrium super
imposed over the heart base, displacement of the caudal lobe bronchi around the lett atrium, fOunding of the left 
ventricular border and displacement of the apex to the right. The normal heart outline is represented by the doned line. 
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b 

AIUI'II M .7 (a) Drawing from a right lateral thoracic radiograph of a dog with right-sided !leart enlargement showing 
elevation of the trachea cranial to the heart base. Increased sternal contact. rounding of the cranial heart border with 
loss of the cranial waist. dorsal dispJacemenl of the right cranial lobe vessels over the enlarged right atrium. enlarge
ment and dorsal elevation of the caudal vena cava. The normal heart outtlne is represented by the dotteU line. 
(b) Drawing from a dorsoventral thoracic radiograph of a dog with right-sided heart enlargement showing rouMlng of 
the right heart border which may cause the cardiac silhouette to assume an Inverted 'D' sllape. displacement 01 the 
apex to the lett, enlargement of the caudal vena cava and poSSibly enlargement of the pulmonary artery segment. The 
normal !leart outline Is represented by the dotted line. 

• b 

FIlii" M.8 (al Drawing from a right lateral thoracic radiograph of a dog with generalized heart enlargement Showing 
radiological signs 01 lett- and right-sided enlargement otten with pulmonary oedema and ascites. The normal heart 
outline is represented by the dotted line. (b) Drawillg from a dOl'SOV!ntral thoracic radiograph of a dog with gelleral
ized heart enlargemelll showillg radiological SigllS of left- alld right·sided enlargement often with pulmonary oedema 
and ascites. The Ilonnal heart outline is represented by Ihe dotted line. 
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• Echocardiography 

Di;agnonic uhr.1Sound provides a 52fe, non-inv;a
sive technique of obtaining qualitative and quanti
t3.tive d;ata about c;ardi ;ac anatomy and function. 
The information gained is complementary w that 
obt:l. ined from thoracic r;adiognphy. Re:lJ time, 
two-dimensional (2D) imaging provides the most 
easily recognizable and understand;able im;ages of 
the he;art. Complctc examination of the hean 
requires a systcm;atic ;approach using both the 
right and left parasternal acoustic windows (Fig. 
34.9). 

M-mode echoc;ardiography allows measure
ment of chamber size and wall thickness ;and pro-

VIEW 1. w.,., .... long axis view 

VIEW 2. Long·axis LV outllow view 

• 

vidcs characterization and timing of motion rela
tive to the ECG during the cardiac cycle. M-mode 
has;a high S3.mpling r.ne which facilitates accurate 
resolution and definition of r;apidly moving 
structures. M-mode nn be used w measure left 
ventricular indices, mitra! vah'e measurements 
and systolic time inlervals. 

Doppler echocardiography provides informa
tion ;about the fl ow of blood within the heart 
chambers, across the valves and in the great 
veuels. It is eomplemenlary to 2D and M-mode 
echocardiography and provides a more complete, 
non-invasive ev;aluation of cardiac function. 

T here are two basic Doppler techniques: con 
t inuous wave ;and pulsed wave Doppler. A con -

• 
Figurt 34.9 Drawinos taken Irom ultrasound scans 01 a normal dog's heart. (a) Ultrasound scans taken lrom the rioht 
parasternal position to show the lono axis views 01 the heart. View 1 is optimized for the left atrium and mitral valve, 
View 2 is optimized for the lett ventricular outflow tract and aorta. (b) Ultrasound scans taken Irom the right para· 
sternal position to show the short axis views 01 the heart. Views 1- 5 are scans taken bom ventral to dorsal. RA, right 
atrium; TV, tricuspid valve; RV, rioht ventricle; LA, left atrium; MV, mitral valve; AMV, anterior mitral valve leallet; 
PMV, posterior mitral valve leaflet: CH, chordae tendineae: LV, leftventricla; l(R)C, left (right) coronary cusp 01 aortic 
valve; Ao, aorta; RPA, right pulmonary artery; VS, ventricular septum; l VW, left ventricular wall: PM, papillary muscle; 
APM, anterior papillary muscle; PPM, posterior papillary muscle. (Adapted Irom Thomas et al. , 1993.) 

A ... br ... o .. as .... enogradivo 



tinuous wave Doppler transducer has [wo piezo
electric crystals, one to transmit a continuous 
wave of ultrasound and the other to receive back
scattered echoes. This system is very sensitive and 
allows the measurement o f high maximum veloci
ties. The pressure gr.tdicnt across a valve can ~ 
calculated using the modified Bernoulli equation: 

Pressure gradient .. .. )( (muimum vdoci ty), 

An imponanl drawback of continuous wave 
Doppler, however, is that all velocities along the 
length and width of the uhnsound beam are 
recorded and as no structural information is 
gained, the regio n of abnormal fl o w cannot be 
localiud accurately. 

This problem is circumvented by using pulstd 
w.ave Doppler, which uses a single crystal to trans
mit ultrasound in pulses and is then set up to receive 
ech~s after a time delay. In this way reflected sig
nals are recorded only from a particular depth and 
localiution within an echocardiographic image is 
then possiblc. H owever, the pulsed wave system is 
unable to detect high frequency Doppler shifts 
(that is high velocities) due to a phenomt'non 
known as aliasing. This disadvantage is greatly 
reduced by colour flow mapping, a two-dimt'n
sional version of pulsed wave Doppler. 

I Cardiac calheterlzatlon and 
angiocardiography 

The use of cardiac catheterization and angio
cardiography has declined with the advent of 
echoc:u-diograpny. Ho wever, the technique is still 
indicated in some cases when the diagnosis proves 
difficult to make or during interventional proce
dures for the m;tn;tgement of heart disease, for 
example balloon valvuloplasty. 

It is essential to obtain a good concentration of 
contrast medium within the heart. This is best 
achieved by injecting the contrast medium 
through a catheter positioned in the jugular vein 
close to the heart (non-selective angiocardiogra
phy) or directly into a specific cardiac chamber or 
great vessel (selective angiocardiography). Lo w 
osmolar walC~r-soluble contrast media should be 
used in patients with compromised cardiac func
tion. A pressure injector is necessary in large dogs 
to deliver the required amount of contrast rapidly. 
The flow of contrast thro ugh the heart can be 
reco rded using a rapid film changer or on video 
from image intensified fluoroscopy. 

Selective angiocardiography is the most veru 
tile and reliable method of angiocardiography and 
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provides optimal information when supple
mented with pressure measurements and blood 
gas analyses from the cardiac chambers and great 
vessels. Various types of catheter arc available and 
are designed to assist the positioning of the 
Co1.theter tip in selected chambers or vessels. The 
placing of Ihe catheter must be monitored by 
image intensificatio n or spot films. Careful plan
ning befo re the inveuigation and continuous 
monitoring of the patient during the examination 
arc essential to increase the quality and safety o f 
the procedure. 

I HEART FAILURE 

The cardiovascular system has enormo us com
pensatory reserves and heart failure onl y occurs 
when the reserve capacity is overwhelmed. 

Clrdlol/lleU/If ,.,IIms 

• V('nQus oxygen reserves. The normal end-capil
lary or \'cnous oxygen tension is 30-50 mm Hg. 
Providing this figure remains greater than 
30 mm H g increased oxygen can be extracted 
by the tissues as the demand for oxygen 
increases. Anaerobic metabolism occurs below 
a criticallevcl of 21-22 mm Hg and results in 
lactic acid production in skeletal muscle tissue 
and signs of exercise intolerance. 

• Maximum effective heart rate. In dogs this is 
approximately 180 beats per minute. Above 
this figure there is inadequate filling of the ven
tricles during diastole with a resultant decrease 
in cardiac o utput. 

• Stroke volume. Normally o nly 50-65% of the 
diasto lic volume is ejected during each cardiac 
cycle (Detweiler et al. , 1993). This figure 
increases as the demand fo r o xygen incrcases. 

• Coronary rI!Sf!MJI!. Coronary blood flow can be 
increased to meet the increased oxygen dem;wd 
of the myocardium. 

• Cardiac enlargement. In response to an 
increased work load the heart either hypertro
phies o r dilates 10 maintain cardiac o utput and 
tissue perfusion. 

Preload and an'rload 
Preload is defined as the stretching force that 
determines the precontraction length o f each 
cardiac muscle fi bre. A moderate increase in 
preload resul ts in a greater contractile force 
(Frank- Starling relationship). Hence preload is 
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rdated 10 left ventriculu end-diastolic pressure. 
Afterlo~d represents the tension which develops 
in;& muscle fibre before contraction occurs, th;&1 is, 
the tc.nsion in the myocardium which is necessary 
to overcome the forces opposing vcnlricubr 
ejection. As the \'entrides incre;&Se in size, more 
tension must be genefllted to produce ~ given 
pressure (Lapl;&ee's law). 

• Palhophyslology 01 h.arllaltu,. 

Heart hilure, by definition, occurs when cardi;&c 
outpUt is insufficient to provide the tissues with 
adequ;&te blood flow ;& nd/ o r when the venous 
return to the he;trt is gre;&ter th;&n the amount of 
blood that the heart c:m expel at norm;&i filling 
pressure. Most anim ;& is with hean f~ilure show 
signs of bo th forward ;tnd backward bilure. 
Forward failure refers to the inabili ty of the hem 
to pump sufficient blood forward ;tnd the in;&de
'luatc tissue perfusion which ensues. Backward 
Jailure occurs when the left ;tnd/ or right vemricu
lu end-diaslOlic pressure (preload) increases. This 
leads to incrcascd vcnous pressure behind the 
affected chambers ;&nd the devdopment of passive 
venous congest jo n of the lungs, liver and o ther 

• tiSSUes. 
Numero us compenutory neurohumoral mech

;&n;sms become opcrath'e when cardiac OUtpUt 

startS 10 fall . These compensatory changcs arc 
entirely :lppropriate for low output f:li lurc caused 
by circulatory shock. for example hypovolaemic 
shock, and ;trc dcsigned to m;tint;&in cudiac out
put ;1.1 a levd which is at least sufficient to ensure 
adequate tissue perfusion when the :lnimal is :n 
rest. If, however, a card;;tc ;&bnormality is respon
sible for the low o utput then, in the longer term. 
these compensatory responses become inappro
priately rcgubted to ;& poim Ih;&t they ;&re detri
mental 10 the anim;!.l. further incre:lSin& Ihe 
workload on the heart and seu ing up ;& self-per
petuating cycle of \'entriculu dysfunction (Fig. 
34.1 0). Sustained compenutory mechanisms trig
ger adaptive changes in the hean and blood vcssels 
le:lding to further compromise in c~rdi;&c function 
;&nd signs of passive vcnous congestion (P;&cker. 
1992;&). Thus, dinic;t lly, signs of low OUtput fail
ure arc usuall y associatcd with v;&rying degrees of 
circulatory congestion. The c;trdi;&c function 
curvesshown in fig. 34.11 demonstntc these two 
situations of low output f;&i lure and congestive 
hilure. Clinic;tl c:lSes un occur anywhere 
between these extremes and therefore m;&y show a 
combinuion of low output and congestive signs 
dcpending on the level of activity ;tucmpted and 
the cardiac output required to maint;;ain adequ;&le 
tissue perfusion. 

On a p;tthoph)'siological b;&sis heart f;tilure may 
be divided into four components: myocardial 
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: _ Signs 01 congestion , , , , , , , , 

, , , , , , , , 

Stage 1 
heart lailu'e 

Stage 3 
heart lail(a'i 

Rest ---- 1---------.-- ------
Signs 01 low cardiac 

outp.Jt Cit fesl) Signs 01 COi\j;8stion 
and low outpuc .. "" 

• " 
Atrial pressure (nwn Hg) 

Figure 34.11 cardiac function curves. This diagram shows the sleep relationship which normally exists Detween 
cardiac filling pressure and cardiac output (normal). Ear1y in a disease stale leading to cardiac insuHiciency, compen
satory mechanisms will allow the heart to function at higher lilling pressures to achieve sufficient cardiac output to 
meel the tissue requirements for moderate exercise without signs allow output or congestion developing (Stage 1 
heart failure), but no cardiac reserve exists. With chronic heart disease. compensatory mechanisms become less 
effective and may even lead to a deterioration in cardiac function. Clinical signs of congestion occur even at rest (Stage 
3 heart failure) and the heart is heavily dependent on the maintenance of extremely high filling pressures to achieve 
adequate cardiac output and prevent signs of low output fai lure at rest. 

failure, volume overload, pressure overload and 
compliance failu re. 

Myocardial fa ilure 
Imp.aired myocardial contractil ity leads to 
systolic dysfunction which is characterized by 
a reduction in stroke volume .and signs of low 
Outpu t (forward) fai lure. Myoc.ardial fai lure 
may be primary (for example cardiomyop.a
thy) or may occur secondary to prolo nged 
volu me overload. The myocardial failure 
which is a feature of dilated cardiomyopathy 
usu.ally follows a more chronic course .and 
numerous compens:ltory mechanisms come 
into operation to counteract the impai red 
myocardial function and decrease in cardiac 
OU tput (sec sectio n on compensatory mecha
nisms). 

Volume overload (Increal8d preload) 
Volume overload results in ventricular dilatation 
to a point where the ventricle deeompensatcs, that 
is, myoc.ardial contractility d«reases and signs of 
both congestive hean failure and low output fail 
ure occur. Signs of congestive he.an fai lure associ
ated with the regurgitation of blood into the atria 
and vo lume overload may occur before myocar
dial d«ompensation and it has been shown that 
myocardial contractility is ohen normal or only 
mildly abnormal in dogs with congestive hean 
failure due to chronic mitral endocardiosis 
(Kittleson t r al .• 1984). 

Causes of volume overload include the foll owing. 

• Atrioventricular insufficiency. Incompetence 
of the atrioventricular valves leads to regurgita
tio n of blood from the ventricles to the atria. 
This may be due to endocardiosis. endocardi
tis, dilation of the atrioventricular annuli as 
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occurs with dilatcd cardiomyopathy, and rup
tured chordae tendineae. 

• Left to right cardiovascular shunts which over
load the left side o f the hean via the lungs. 
Examples include patcnt ductus aneriosus, 
venlriculu septal defect and atrial scptal defect. 

• Sodium and water retention (sec section o n 
compensatory mechanisms). 

Preuura overload (Increased atterload) 
Conditions which cause increased vascular resis
tance and which impede the ejection of blood 
through the ventricular outflow tracts resuh in 
ventricular hyperlrophy. 

Causes of pressure overload include: 

• Aonic or pulmonic stenosis 
• H ypertrophic cardiomyopathy 
• Pulmonary h).penension (for example chronic 

obstructive pulmonary disease, dirofilariasis o r 
pulmonary thrombosis). 

• Increase in systemic vascular resistance (for 
example systemic hypertension associated with 
chro nic renal insufficiency). 

Compliance failure 
Compliance fa ilure implies a loss of myo
cardial elastici ty so that the ventricle is unable 
to relax ;lnd distend properly during diastol ic 
filli ng. The haemodynamic abnormalities 
therefore reflect diastol ic dysfunction ra ther 
than systolic d ysfum;:tion w hich occurs with 
myocardial fai lure. Com pliance fai lu re may 
be ;!.Ssociated with ventricu lar hypertrophy, 
myocardial fib rosis and pericardial effusion 
(cardiac tampo nade). 

Extracardiac factors such as excitement, heat 
Stress, overexenio n, infection, tr:lUma, ;lnaemia, 
shock, o besity, pregnancy or any severe systemic 
or metabolic d isease process COln :a.lso contribute 
to cardiac decompensation in :1n animal with pre
existing cardiac disease. 

Ci rculatory disturbances C;ln C;luse similar 
cardiac dysfunction either by reducing cardiac 
output o r by creating high output states which 
overload the heart. 

Low Olltput statt's may be callsed by: 

I. Decreased preload. for example, 
• Overzealous usc o f d iuretics andl or 

vasodilators 10 treat congestive heart failure 
• H ypm'olaemia due to haemorrhage or 

hypoad renocorticism 
• Reduced venous return (for example com

pression of the posterior \'ena cava by a 

large abdominal mass, asci tes, gastric tor
sion) 

2. Dysrhythmias (either tachy- or bradydy5~ 
rhythmias) 

High outpllt states which overload the hean may 
be associated with: 

1. Chronic anaemia, arteriovenous fistulae (for 
example card io\'ascular shunts) and hyper
thyroidism 

2. Over.lealous administration o f intravenous 
fluids 

Compensatory mechanisms in heart failure 

The normal physiological mec.hanisms regulating 
the cardiovasculM system are primarily concerned 
with the maintenance of arterial blood pressure 
which is adequate for cerebral perfusion. A fall in 
cardiac output and therefore arterial blood pres
sure will activate the followi ng neu rohormonal 
systems: 

I . The sympathetic nervous system 
2. The renin-angiotensin-aldosterone system 
3. The renal body fluid system 

The resultant effects of these neurohormonal 
systems arc as follows. 

• Blood vessels constrict. reducing the capaci
tance of Ihe circulation and mobil i7.ing blood 
from Ihe venous side thereby incre:uing c:udiac 
chamber fi ll ing pressures and, via the 
Frank-Starl ing mechanism, the force with 
which the heart muscle contracts. In addition, 
constriction o f the arterioles divertS blood 
away from so called non-essential tissues 
towards the heart and the brain. 

• The heart beats more forcefully :lnd at a fas ter 
rate. 

• The extracellu lar fluid volume increases which 
increases card iac fi ll ing pressure. 

The neuroendocrine systems lis ted above all 
interact 10 produce the compensatory effects 
which maintain cardiac o utput at a reasonable 
level to match tissue requirements. Central to this 
interaction is Ihe renin-angiolensin-aldosterone 
system (RAAS) as shown in Fig. 34.1 0. 

The sympathetic nervous system stimulates 
contraction o f arterial and venous smooth muscle, 
an effect mediated by alpha adrenoceplOrs (pri
nlMily of the alphal subtype). The cardiac effects 
of sympathetic stimulation arc an increase in heart 
rate and force o f cardiac muscle contraction, 
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effects which are mediated primarily by beta)
adrenoceptors. The increase in noradrenaline 
levels in dogs with congestive heart failure (CHF) 
correlates with the clinical severity, and dogs with 
dilated cardiomyopathy tend to have higher nor
adrenaline levels than those with chronic mitral 
valve disease (endocardiosis). There appears to be 
no correlation, however, between noradrenaline 
concentrations and myocardial function as mea
sured by the cnd-systolic volume index (Ware el 

aI., 1990). 
In addition to the above, an increase in sympa

thetic tone via renal sympathetic nerves increases 
renin sec~t ion by the juxuglomerular apparatus 
of the kidney resulting in activation of the RAAS. 
Renin metabolizes angiotensinogen to produce 
angiotensin I which in turn is convened by 
angiotensin convening enzyme (prescnt in many 
tissues) to produce the active hormone, 
angiotensin II. Angio tensin II also causes vaso
constriction, particularly of arterial smooth 
muscle and has a negati\'e feedback effect on the 
production of renin. In addition, it increases 
release of noradrenaline from sympathetic nerve 
endings, thus potentiating the vascular and cardiac 
effects of the sympathetic system. Angiotensin II 
itSelf also has direet effectS on cardiac muscle 
which result in increases in the rate and fo rce of 
contraction and in cardiac muscle hypertrophy. 
Indeed, there is now good evidence for local pro
duction of renin and angiotensin II in a number of 
tissues, including the myocardium (Baker el al., 
1992) where up-regulation of the system is 
thought to occur with increased ventricul3r wall 
stress (Dzau. 19(2). There arc also direct renal 
effectS of angiotensin II. In the proximal convo
luted tubule, angiotensin II increases the abso rp
tion of S:llt and water. Angiotensin II stimulatcs 
the adrenal cortex to secrete aldosterone which 
acts o n the distal convoluted tubule of the kidney 
to enhance sodium retention. Salt and water 
homeostasis is also affected by the effectS of 
angiotensin II in the brain where it is thought to 
increase thirst (possibly via a direct action on the 
hypothalamic thirst centres), salr appetite and 
the secretion of antidiuretic hormone (ADH), 
another potent vasoconstrictor (Hamlin, 1988). 

The RAAS is also activ:tted by decreased renal 
perfusion. The kidney senses poor perfusion both 
by a decrea.se in fl ow of tubular fluid, detected by 
the macula densa of the juxtaglomerular appara
tus, and by reduced pressure in the afferent arteri
oles. Both arc signals for increased renin secretion 
and therefore activation of the RAAS. Reduced 
renal blood fl ow therefore resultS in increased 
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aldosterone secretion and enhanced salt and water 
retention by the kidney. Glomerular filtration 
rate is sustained at a normallevcl by angiotensin II 
constricting the effc rem ancriole more th ;!.n the 
afferent arteriole. The fractional amount of renal 
plasm;!. flow which is filte red therefore rises, leav· 
ing peritubular capillary hydrostatic pressure lo w 
and oncotic pressure high. Both these facto rs 
favour enhanced aldosterone-induced reabsorp
tion of tubular fluid, that is, salt and water reten· 
tion (Hamlin, 1988). 

II has been sho wn that the progressive increase 
in plasma aldosterone concentl'3tion which occurs 
in dogs with he3rt failure correlates with the clin
ical status of the animal (Knowlcn et al., 1983). 

As stated above, :til these compensatory facto rs 
increase the work load for the heart by raising 
circulating volume, increasing veno us return and 
thereby increasing the filling pressure of the heart. 
The effect of this increase in preload is to stretch 
the hean muscle and increase the end-diastol ic 
length o f the muscle which, by Starling'S law, 
results in a greater contractile force. Stretching of 
the heart muscle, by Laplace's law, me:tns that the 
:tmount of energy required to raise the pressure 
within the ventricle during the isovolumetric 
phase o f contraction increases since the I'3dius o f 
the ventricle has increased and the wall thickness 
has decreased. In addition, the increase in arterio
lar to ne (i.e. peripheral vasoconstrictio n mediated 
by catecholamines, angiotensin II, AO H and 
other vasoactive peptides) also increases the iso
metric wall tension which must be at tained before 
the aortic val\'e opens and the ejection phase of 
systole can commence (i.e. the resistance to car
diac outpUt has increased). Both of these factors 
contribute to the increased cardiac afterload and a 
reduction in stroke volume. 

M"h,nlsms which mod,,,t, thIS' 
comp,nsatory ,(f,cls 
If the compensatory mechanisms go unchecked 
their effects on cardiac function would be detri
ment31. A number of other mechanisms moderate 
their effects. 

• Increased atrial stretch by raised atrial filling 
pressures nimulatcs the release of atrial natri
uretic peptide (ANP) and atrial stretch recep
tors elicit reflex responses (GOCtZ, 1988). Both 
these hormo nal and neural reflex responses to 
stretch tend to limit salt and water retention by 
the kidney and li mit the high vascular resis
tance against which the he3rt has to pump. 
ANP itself inhibits release of noradrenaline 
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from s"mp:uhclic nerve endings, reduct's secrc
tion of :lldosteronc and has direct vuodilalory 
and n<1lnurelic effecLS. Alri3.i nnriurctic pcp
tide (ANP) concentrations in dogs with C HF 
;ncrc;ast as much ;l.S sixfold (Vollmar ct al., 
1(91 ). Neunl rcAcxes also reduce traffic in 
sympathetic nerve fibres and stimulate the 
release of a non-peptide natriuretic factor from 
the hypolh;&lamus . 

• Cardiac muscle hypertrophy occurs, incrnsing 
the thickness of the muscular ventricular wall. 
This tends to reduce wall stress (distributing it 
among an increased number of s:m:omcres) 2nd 
therefore the work (<<juired to raise the tension 
within the ventricular wall during the 
isovolumclric phase of systole. 

These factors tend to crc;uc a delicate balance 
allowing the compensatory mechanisms to restore 
cardiac function back towards normal while, at 
the same time, ensuring that the C05t in terms of 
myocardial energy consu mption is minimal. 

Adlptiv. cons.qu.nces 01 susll/n.d 
n.urohormon,I"lIvalion 
If the neurohormonal compensatory mechanisms 
arc activated for sustained periods of time, adap
tive changes in the hean and circulation ensue 
which lip the balance away from compensation 
towards uncontrolled salt :and water retention, 
vasoconHriclion, :and the detriment:al conse
quences which lead to clinical congestive hem 
h.ilure (P.tcker, 1992.1.). 

TlII myocardium 
Pro longed ventricular distension leads to a loss 
of the abil ity of the heart to incre.tSe its output 
in response to increases in ventricular volume. 
The sarcomeres arc stretched to their limits and 
funher incre;LSes in venous return have no more 
benefi t in terms of fo rcr of subsequent contrac
tion. In short, the Starling curve becomes 
depressed and flattened. Further stretch can 
compromise the function of the atrioventricular 
valves, further reducing cardiac OUtput. In 
humans it has been shown that prolonged 
stretch of the atria leads to depletion of ANP 
and reduced release in response to stretch (Moe 
tt "I., 1991). Neural reflexes in response to 
at rial stretch also b«ome blunted such mal 
atri:al barorcceptors arc no lo nger able to mod
erate symp;nhetic outflow from the vasomotor 
centre (Zucker ct al., 1977). Chronic stimulation 
of hean muscle by the sympathetic nervous 
system leads to a reduction in density of bcta,-

adrenoceplofs and a decrease in the efficiency of 
coupling between the remaining receptors and 
adenylate cyclase (so-called 'down regulation' of 
bcta,-adrenoceptors). Thus, one of the main 
neurohormon:al mechanisms increasing the force 
of contractio n of the he.lrt becomes less dfcc-. 
u ve. 

As the work lo:ad on the heart increases 50 tOO 
docs myocardial oxygen consumption. Although 
cardiac muscle hypertrophy, initially at least, 
can be regarded as a beneficial compensatory 
mcch:anism, with time, the hypertrophied muscle 
becomes deprived of oxygen as the blood supply 
fails to keer p.lce with muscle growth. The devel· 
opment 0 pulmonary venous congestion .lnd 
oedema may result in hypoxia and further embar
rassment o f left ventricular function. An 
ischaemic myocardium is more susceptible to 
arrhythmias which Illay also adversely affect 
cardiac output. 

Pttlphlfilll vlltulalutl 
Vascular ad2pt'2tion to 5ust:ained neuro hormonal 
activation in heart failure includes an increase in 
the responsiveness of systemic blood vessels to 
<llpha,-adrenoceptor stimulation (Forster and 
Armnrong, 1990). Structural changes in the 
w.llls of the blood vessels (due to sodium and 
water retention) occur in chronic he:art failure 
and lead to a no n-specific lack of response to 
v:asodilator agents. More specifically, ANP pro
duction is reduced a.s described above and once 
released, it loses its abili ty to vasodilate periph
eral vesseb and reduce aldosterone release. In 
addi tion, release o f endothelium -derived relax
ing facto r is reduced in human hC.lrt failure 
patients (Kubo et al., 199 1). Thus, the mutual 
amplification which occurs between neuro
hormon:al mechanisms of RAAS and the 
sympathetic nervous system can occur vi rtu3.lly 
unopposed resulting in vasoco nstriction. In 
humans, heart failure results in increased 
circulating levels of endothelin, ;). locally active 
peptide mediator. If produced in excess it is 
tho ught that endothclin may h3.ve widespread 
\'asoconstrictor effects (Margulies ct "I., 1990). 
Similu increases have bccn documented in dogs 
with heart fa ilure, the highest levels occu rring in 
dogs with :aui:al fibrillation (Elliott tt al., 
unpublished d3.ta). 

Sodium rellnllon 
With the decreue in ANP production and the 
loss of sensitivity of the kidney to itS effects, the 
salt-rcuining activities of the RAAS proceed 
unopposed. 
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Plthophyslology 01 hUll flllorB "',t.d I. th. 
und,rlylng "US, 

The above pathophysiologicalsccnario is applia
hie 10 ho n f:li.lure in p:ll ients regudlcss o f the 
underlying nuse. For example, in myocardi:t1 dis
cues such a5 dilated cardiomyopathy, the under
lying problem is onc of poor systolic function. 
During the chro nic su.gcs of this disease, th C' 
compensatory nlC:chanisms and adaptive changes 
referred to above lead 10 volume overload and 
congestive signs which may hasten the deteriora
tion of myocardial function. 

Regursium valvular heart disease and congeni
tal abnorm:l.litics cllusing left [0 right shunts also 
cause cardiac volume overload with the same 
mechanisms :l. ltcmpting to compcns:llc for a 
reduction in cardiac output. Ahha ugh c:udiac 
muscle function may be normal in these diseases, 
prolonged activation o f the compens;ltory mech;l
nisms d escribed ;lbove m;ly eventually le;ld to 
detriment;ll e(fecu on c;lrd ;;lc muscle function 
(cardio myop;lthy of overlo;ld; Knz, 1990). 

Diseases which affect di;lstolic function to 
reduce cardi ;1C OUtput will also activ;lte the same 
neurohonnon;ll mechanisms. Examples include 
hypertrophic cardio myopathy and pcric;lrdial 
disease. In the fo rmer case, the problem is o ne of 
lack of ability of the n rdi ;lC muscle to relax and 
fill properly during diastole and it is characteriud 
by concentric ventricular muscle hypertrophy. 
Here, expansion of the circub.ting volume and 
increased venous rerurn fail to stretch the diseased 
muscle and circul;ltory congestion resulu . With 
pericardi31 disease, raised pericardi;ll pressure 
opposes ventricul:tr filling (p:trticularly of the 
more compliant right ventricle). Compensatory 
changes raising venous return and filling pressure 
arc essenti;ll if cardiac OUtpUt is to be maintained. 
Fortunately, congestion of thc systemic circula
tion is less life- threatening in its effeclS than con
gestion and oedcma of the lungs. 

Valvu lar diseases which cause stenosis (aortic 
and pulmonic stenosis) lead to pressure overload 
of the respective ventricles. Concentric muscle 
hypertrophy results from the incre~d work load 
encountered in overcoming the obstruction to 
cardiac output. Such anim;lls usu:llly show signs 
of syncope o n exercise and develop raul arrhyth
miu before cornpenu tory rnech:lnisms fo r poor 
cardiac output lead to circulatory congestion. 

In conclusion, the compensatory and adaptive 
changes which occur in nrdiac failure arc the 
same regardless of the underlying cause. 
Inappropriate regulation of these rnech:lnisms in 
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chronic heart failure contribUies to the sclf
perpetuating cycle of events leading to cardi;lc 
decompensation and signs of both forw:lrd and 
backward fai lure. For this reason, medical man
:lgement stn.tcgics ;lfe ;limed al counten.cting 
some o f these compensatory :tnd ;ld:tplive changes 
:tnd knowledge of the underlying c;ause will usist 
in dctennining the most appropriate tre;l tment 

• regIme. 

Causes and ,linl", signs 01 ,0nglltlvB h"rt 
lailuf8 

The clinical signs of congestive heart f:li lure 
(CHF) :arc ;l direct consequence of volume over
load . A large rcgurgi t:lnl f!":lClion is required 
before signs of C HF become apP;lrent. With 
mitral incompetence, the roUe at which progres
sion occurs depends o n the size of the regurgit:lnt 
f(;lclion and also Ihe compli:tnce (distensibility) of 
the left atrium. In m:lny cases signs of C I-I F will 
be ;lccomp:anied by signs o f low output failure, for 
example, cases o f dil:ned cardiomyopathy where 
the signs of C HF arc second;lry to primary 
myocardial failure. 

Len-sided CHF 
The prineip:ll c;auses o f left-sided C HF in the dog 
;lre acquired mitn.1 valve incompetence (for 
example v:llvul:lT endocardiosis o r endoc:lrditis), 
dil :a ted cardiomyopathy (less frequently the 
hypertrophic form), congenil:al mitral valve dys
plasi:l, ;lortic stenosis, ventricular septal defect ;lnd 
patent ductus arteriosus. 

Inlerstitial o r ah'eol;lf pulmonary oedema com
pounded by the presence of an enlarged left 
atrium impingins on the m;linstem bronchi C:lUses 
coughing, one of the carly signs of left-sided fai l
ure. The cough may be more notice:lble 3t night or 
first thing in the morning. Frequently the cough is 
paroxysm:ll with each bout lermin;lting with the 
animal retching up phlegm or, in severe cases, 
flecks of blood. The anim:ll m:ay show cxercise 
intole(;lnce or may be overtly dyspnoeic. Severe 
pulmonary oedema may interfere with gueous 
exchange and result in cyanosis o r the mucous 
mcmbr:lnes e5pecially with exertio n. Some ani
mals m:ly become restless and have difficullY in 
bre;lthing when lying down (ortho pnoea). 

Rlght·slded CHF 
Diso rders which may be associated with signs of 
righHided C HF include pcricardi;ll effusion (c:ar
diac tamponade), dilated cardiomyop:llhy, endo
cardiosis o r endoc:lrditis involving the tricuspid 
valve, diro filariasis, cor pulmon;lle. congenilal 
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tricuspid "'alve dysplasia, pulmonic stenosis and 
tetralogy of F;l.IlOI . Incrcued right vcntriculou 
cnd--dia5lolic prcssure :and increased central 
venous pressure may produce jugular distension. 
Hcp:uomcgaly and le55 frequently splcnoml.'galy 
may ~ c\'idcm: the former rna)' be usociatw 
with portal hypertension, ascites and mOOcn.tc 
increases in plasma alkaline' phosphal:lsc (ALP) 
and abninc aminolt;lnsfcr.lSC (All) conccmra
lions. The ascites always prn:cdcs subcUt'aneous 
oedema which may develop 1:lIcr during the 
course of the disc2$c. Fluid, usu;l.lly a modified 
transudate. rna)' accunlulalC.· in the thoracic cavity 
(hydrothorax) :lnd/or pcricudial uc (hydroperi
cardium). 

Right-sidro failure may occu r secondary to 
left-sided failure . Pulmonary venous hypenen
sion le:\ds to :\n increase in pulmonary anerial 
and right vent ricular end-diastolic pressures. 
The right \'elllricle hypcnrophics in response 
to right ventricular pressure overload. Central 
venous ;and capillary hydrost;uic pressures 
increue as the right ventride becomes over
loadro and signs of right-sidro bilure become 
app;arent. 

Not infrequently dogs with dil;lIro cardio
myopathy (especially those in atrial fibrillation), 
pcricardi:.1 effusion or ruptured chordae 
tendineile undergo ;acUie decompensation and 
may present with s igns of both left and right
sided C H F ;as welt ;as signs of acute low OUtput 
failure. 

tausllind cllnicil signs of low output fillure 
Causes of low OUtpUt failure indude prim:.ry 
myoc:.rdi:.1 f:.i lure (for example dilatro cardio
m)'opathy), dcercued myoc:.rdial compliance 
(for example hypenrophic cardiom),opathy, 
myocardial fibrosi5, pericardial effusion), hypo
" olaemia (for example acute haemorrhage), con
geni tal cardiovascu lar shunts, severe v:.lvular 
incompetence and u.chy- or bndydysrhYlhmias. 
A markro reJuctio n in preload, fo r example, 
obstruction to VenOU5 return by a large abdominal 
mass, ascitic fl uid or the oven.ealous 3dministra
lion of diuretics to an 3nimal with impaired 
myocardi31 function (particularly if the animal is 
;already receiving ;a \'asooil.uing drug) may 
significantly reduce nrdiac output. 

Low outpUt failure may be classified as 3cute or 
chronic depending on the severity and rate of 
onsel of diniul signs. Acute low output failure is 
characterized by signs of tissue hypo perfusion 
and cardiogenic shock with collapse or syncope. 
weakness. recumbency or possibly even com:\, 

p3le mucous membranes (\'enou5 Po~<30 mm Hg 
in dog5) ilnd a weak femoral pulse. Plasma urea 
and creatinine concentrations may be increased 
(prerenal 3zot'3emia). The c1inic3] sign5 of chronic 
low OUiput f;ailure may only become ;apparent 
with excitement or exercise. Typically the animal 
may experience episodes of exerei5e intoler;ance, 
weakness o r coll;apse, the differenl1ill diagnoses 
for which include numerous metolbolic, neuro
muscular and central nervou5 5yStem disorders. 

Cardi.tc c.tchexia refers to Ihe severe waning that 
occurs in associ.ttion with chrOllic congestive 
heart failure. The weight loss which call be npidly 
progressive is usu;l,lly .tccomp;aniro by lethargy, 
generali7.ed weakness, inappetence ;l,nd poor hair 
coal. Affected anim.ti5 generally show severe 5igns 
of C HF and ;arc moderately hypoproteinaemic. 
Cardiac c3chexia has been allributed to a combi· 
narion of f;actors including poor tissue perfusion, 
cellubr hypoxia, malabsorption ;and :lIIo rexia 

I Functional classilication ot heart 
tallure 

The functional c!assific.ttion of heart f;aiiu re has 
rttCntly h«-n reviewed by the Imern;ational Small 
Animal Cardi.tc Health Council (1994). The new 
classifle:u.io n scheme consi5U of three 5tages, the 
critcri;a for e.tch being based on the anatomic 
diagnosis and se\'erity of clinic31 signs at rest 
(fable 34.4). 

I ACQUIRED HEART DISEASE 

The incidence of acquired heart di5ease increases 
with age, for example endocudiosis is more 
common in dogs grC:\ lCr th.tn 5 ye:lr5 of age. 
Numerous breed dispositions exist for cerl3in 
disea5cs. 

I Endocardlosls (chronic valvular 
dlse.se) 

Endoc;ardiosis is the most common c;ause o f 
cardi;ac diseiISC in dogs. An overall incidence of 
t 7-40% has h«-n reponed (Keene, 1988); in one 
5urvey 58% of dogs over 9 years of age which 
were presented for necrops)' were affected 
(Whitney, 1974). The condition i5 cha(;lClerized 
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Ti llie 34.4 Functional classification of heart failure (International Small Animal Cardiac Health Couocll System) 

The asymptomatic pati&nt No clinical signs of hearl failure apparent but heart disease presenl Cardiac murmur usually 
detectable; may be radiographiC and/or echoeardiographic evldeoce of chamber enlargement. 
ECG usually umemarkable: occasionally an arrhythmia is present. This stage can be 
subdivided as follows: 
(a) Signs of lIear! disease present I)UI no Silins of compensation evldet1t 
(b) Signs 01 hear! disease present In conjunction With radiographic or echocardiograpllic 

evidence of compensation In response to volume or pressure overlOad. 
MlMlicallreatment at thiS stagl! mayor may not be lustlliable. 

Mild to moderate heart lailure Clinical signs 01 heart lailure evident at rest or wrtIl mild exercise whictl adversely alle<:t 
quality ollile. Typical signs inClude exerCise inlolerance, cough, tachypnoea. mUd respiratory 
distress, and mild to moderate aSCItes. Usually no iMdence 01 hypOperluslon. Medical 
treatment at home IS Indicated at tllis stage. 

Advanced hear! failure Clinical Signs 01 advanced hean lallure are Immediately obvious, These signs ioclude severe 
exercise Intolerance, dyspnoea and marked ascites Evidence of hypopertuslon at rest and in 
the most severe cases the animal is morrbund due to cardiooenic shOck. Death is likely 
without prompt and aogressive medical therapy. This stage can be subdivided as tollows: 
(a) Home care Is possible: 
(b) Hospital ization essential because 01 cardiogenlc Shoe,,", life-threatening putmonary 

oedema, refractory ascites or pleural effusion present 

by chronic nodular fibrous thickenings of the 
free edges of the atrioventricular valve cusps 
which interfere with normal closure of the 
valves. Valvular incompetence results in regurgi· 
tation of blood from the ventricles into the atria 
during ventricular systole. The specific cause of 
the condition is not known. The lesions appear 
degenerative rather than inflammatory and 
primarily affect the mitral valve. Most cases .of 
endocardiosis involve the mitral valve only; 
approximately one third of cases involve both 
the mitral and tricuspid valves. Isolated tricus
pid valve disease is roue as are lesions involving 
the aortic and pulmonary valves. There is a 
higher incidence in older male dogs of small 
breeds such as chihuahuas, miniature poodles, 
miniature pinschers and whippets (fhrushfield 
tt al., 1985). Endocardiosis is p.lrticularly com
mon in cavalier King Charles spaniels in which 
a multifactorial polygenic threshold trait has 
been demonstrated (Swensen cr al .• 1996). The 
disease in this breed is unusual in that a signifi· 
cant percentage of animals de\'elop murmurs at 
five years or younger (Darke, 1987; Beardow 
and Buchanan, 1993; Haggstrom et aI. , 1995). 
Endocardiosis is rare in cats. 

Cllnlc.'sl,ns 

With mitral insufficiency regurgitation of blood 
into the left atrium during systole causes the left 

atrium to dilate which causes displacement of 
the mimi valve leaflets and dilation of the 
atrioventricular annuli thereby increasing the 
degree of mitral regurgitation. Pulmonary 
\'enous hypertension develops secondary to the 
increased left atrial pressure until eventually 
pulmonary oedema occurs. The clinical signs of 
mitral insufficiency are those of lefHided con· 
gestive heart failure; involvement of both :urio
ventricular valves may be expected to produce 
signs of left· and right-sided failure (see previ· 
ous stttions on the pathophysiology and clini· 
cal signs of congestive heart failure). Rupture of 
the chordae tendineae occasionally occurs 
resulting in acute and ultimately fatal cardiac 
decompensation. 

The first sign of endocardiosis is usually the 
production of a holosystolic systolic murmur 
with a point of maximal intensity over the affected 
atrioventricular valve although high·grade 
murmurs tend to radiate dorsally and cranially 
throughout the thoracic cavity. Echo· 
c.lrdiogr.a.phic studies in C.1valier King Charles 
spaniels have shown a good correlation between 
the intensity of the murmur and the severity of 
chronic valvular disease and heart failure class 
(Haggstrom et al., I 995). The intensity of the 
murmur does not, however, correlate with either 
the severity of clinical signs or the degree of 
regurgitation. With severe mitral regurgitation an 
S3 sound may occasionally be detected. 
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lIble 34.5 Cllnlcalleatures and therapy 01 heart lallure due to chroniC acquired degeneratIVe valvular diSUse (endocardfOSlS) USIAQ tile International Small AnllNol ~dlac Health 
Couool System 

Stlgl 01 hllnl.llure 

~t\j"'''< 

CliolCllllDns 

No VISlbIe clinICal SIgns 01 heart d'SNSf! presenl 
SystOlIC murmur over milral and/or tricuspid vaIw: 
the murmur rypicaJIy becOmes louder and 
pansystobC as valvular r!gurgrtatlon IfICreaws_ 

SystolIC murmur as above. Marked exerciSe 
Intolerance, coughlno. dysjInO!a al resl, nocturnal 
resllessness and rapid prooresslve Wf:lghlloss 
(cachexia), Pallor of mucous membranes andlOi 
syncope due \0 low cardiac output Pulmonary 
oedema may result In pu1mona'Y crackles. 
OfsierMled jugular WillS, hepatomegaly and severe 
ascites 11 advanced righl-sided failure. Arterial pulse 
weak 01 nourlal Arrllylhmias CtImmOf). 

Radiographic. eclloc.rdiogr.phie eltd 
IttelroUrdlOfrlphiC lintlln" 

fUdlO(Jraphy May be normal Of mild to 
moderate left atnalJleft venlocuw 
enlargement 

EC~rrllO(Jraphy, NOIINI or mild \0 moderate 
len alrlal/left ventrICular enlargement 
dependIng on seventy: mitral valve leaflets 
may ~pUr thICkened. may be evtdeOCll 01 mdrat 
vaM prolapse 

ECG ' Ohen no1l1\J1 at thIS stage; occaSIOnally 
P wave allnorlNhtles Of !Vidence of!!!" 
ventrICUlar enlaroemenl. 

RadIOgraphy, As above but eYldence or pulmonary 
oetIema (1lIlar Of dltTusel· Marked cardiomegaly 
eSpecially laft atrium and lell auricula, appendage. 
May be hepalomegaly and evidence 01 ascites In 
cases 01 advanced right-sided lallure, 

Echoc;Jrd/O(}raphy: Mltlal valve leallels markedly 
thickened. evJdenal 01 mllral vatve prolapse tor llall 
II chordae lendmeae IUplure) Severe leI! atrial arK! 
Jel! ventricular enlargement Decreased myocardial 
h,lllcUon (lIlcrused end-dl3slollC diameter) during 
later staoes 01 mltrallegurgltatlon; Shortening 
IraclOn rmy be normal or shghuy decreased 

ECG AIIllyIhmlas common (Usually atrlalllbnliatloll 
bill DCcaSlona»y venttlCular tachydysrhytlun~ 
also_ 

T realIlWll altius stage I)fobabty not 
Indicated althOugh there is some evidence 
tD sUQOtSt thaI treatment 01 the more 
severe cases WIth angIOtenSIn convelllllg 
enzyme {ACE)lnlllbrtors INY be benellCial 

Home Cdfe po$SIlMe 
Frusemlde WIth or wltholll anOther 
diuretic, ACE Inhlbllor. cardiac 
gtycosldtl. eg dIgOXIII, Consider 
hydralaZIne t"ralion (best 
done In hospllal) In combination 
wilh ACE Inhibitor II relracto!}' 10 Ihe 
above IJu1 beware 01 hyPOtension 
In addillon exercise restrtctlon, sodium 
restricted dll!l, antlallhytllmlc therapy 
it indICated , nitrates, theophylline 100 
eademe or olher cough 
suppressants 

If hOspllJltl«1 
Oxygen therapy. Intravenous lrusemlde, 
reduce pr!loid WIth topbl nitroglycenne, 
reduce afterload WIth hydralazine 01 
sodium nitroprusside, mtnYenous 
dobutamlne. morphine theoplYylllne, 
antiarrhythmic therapy illndlcated, 
theophylline. Thor.Icocentesis may be 
reqUIred to alleviate ble-thtealerung pleural 
etTlISioo. Consider other dlurellcs, lor 
examp!!! hydrochkxDlhliZlde and 
spironolactone in combinalJOn WIth 
IrusemiOe lor relractOfy nolll-sided bllure 
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Rldlographlc findings 

The radiographic fi ndings vary according to the 
sc:v~rity of th~ mitral incompetence :lnd the size o f 
the r~gurgit :l nt fraction (see Table 345). The fi rst 
ch:lmber to ~n l a rge is the left :ltriu m; m:lrked 
enlargement of the left atrium may result in 
compr~ss ion of the left m:lins t~m bronchus. Left 
ventricular or in severe cases biventricular 
~nlargement may also be evident. Volume over
load o f the left atrium and left ventricle leads to 
pulmonary venous engorgement :lnd eventuall y 
pulmo nary oedema develops. The laner initiall y 
may be confined to the perihilar regio n or, in 
more severe C2Ses, m:ly m:lnifest as a diffuse inter
niti21 2nd/or :llveolar lung pattern (Fig. 34.12). 
Right ventricular failure is charactcrized by 
hepato megaly with distcnsio n of the caudal vena 
cava, :tSC it~s :lnd the pres~ne~ of pleu ral effusion. 

Electrocardiography 

The ECG may be normal o r may sho w evidence 
of left unal, left ventneubr or biventricular 
c:nl:lrgement (see Tables 34.1 and 34.2). Mean 
electrical 2Xis is usually normal. With se\'erc atrial 
d ilatation 2 supraventricular arrhythmi:l may be 
present (for example premature atrial complexes 
o r atrial fibri ll21ion). 
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Echocardlography 

Echocard iography is usefu l for confirm ing 
thickened AV valve leafl ets and defecti ve valve 
function as well 25 left 2trial and left ventricular 
enb rgement. Several echocardiographic studies 
have shown that myocardial contractili ty during 
the e:lrly suges of mitral regurgi t:uion is ei ther 
normal or in so me cases there may even be a 
compensatory increase in contractility (Kinlcson 
et ai., 1984). Echocard iography may also demon
strate thickened chord:lc lend inc:le and probpse 
o f the mitral valve into the left 2lrium. In cav2l ier 
King C harles spanieb it has been shown that 
mitral valvc pro]:lpse occurs:lS earl y 3S one to [Wo 
years o f age and predisposes to endocard iosis and 
mitral regurgitaion (Pedersen, 1996). Doppler 
stud ies sho w increased diastolic mitral inflow 
velocities (Bonagura, 1994). Rupt ure of the 
chordae tend ineae resul ts in a chaOlic flutl ering of 
the mitr31 v:llve. 

Diagnosis 

A d iagnosis of mitral insuffic iency is based 011 the 
clinical, radiographic, clectroc:lrdiogr3phic :lnd 
cchoc:lrdiogr:lphic fi ndings. The diffcrential 
diagnosis of mitral (or tricuspid) endocardiosis 
includes the following: 

b 

AgUrf 34.12 Lateral (a) and dorsoventrnl (b) thoracic radiographs of a 12-year-old miniature poodle with mitral valve 
endocardiosis. Note the prominent left atrium in both views. 
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• Other causes of AV v31vular insufficiency, fo r 
example that associated with dilated cardio
myopathy, congenital heart disease, bacterial 
endocarditis, nlptured chordae tendineae and 
atrial and \'entricular d ysrhYlhmi3s. 

• Other congenital and acquired causes of 
c3fdiac murmurs (sec Chapter 13) 

• Chronic pulmonary di sease and other causes of 
chronic coughing (sec C hapter 12) for eX3mpic 
chronic bronchi tis, bronchopneulTlonia, pul
monary fo reign body, pulmonary neoplasia, 
Filmaides asler; infection, eosinophilic pneu
monia (pu lmonary infiltr3te with eosinophils), 
collapsing trache3, dirofil3riasis and systemic 
mycoses. 

• Cor pulmonlle where primary disease of thc 
lung andlor pu lmonary vasculature can lead 10 

right ventricular hypertrophy and ultimltcl y 
signs of right-sided congestive heart failure. 

Treatment of congesli~e heart failure assoclaled 
wllh mitra/Insufficiency 

The treatment and gener31 management of 
mitral andlor tricuspid endocardiosis essentially 
involvcs treating the signs of congestive heart fail 
ure (CHF) as they arise o n a stage by stage basis. 
The su ging scheme drawn up by International 
Small Animal Cardiac Health Cou ncil (see Tables 
34.4 and 34.5) is useful fo r cSI'ablishing a therapeu
tic protocol although a certai n amount of contro
\'ersy exists concerning the time at which many of 
thc cardiovascular drugs should be administered 
(see below and section o n cardiovOlscular thera
peutics). Client education is extremely important 
especially since most of the conditions associated 
with mitral insufficiency arc slowly progressive 
and their man3gement requires a great deal of 
owner compliance. 

• Bacterial endocarditis 

Baeteri31 rndocardit is is 3n acute or, more com
monly, a subacute condition characterized by the 
formation of septic vrgetative thrombi 011 the 
valves andl or mural endocardium. Thrombus for
mation most frequent ly involves the mitral o r 
aortic valves 3ud the highest incidence occurs in 
large breed, male dogs older than four ye3r5 of age 
(Calvert, 1982; Lombard and Buergeh, 1983; 
Sisson 3nd Thomas, 1984). The Gennan shepherd 
breed appears predisposed (Calvert, 1982; 
Sisson and Thomu, 1984). The p31hogens most 
frequently isotall,d include Streplo<occlfl sp .. 

Staph)'locaccus aurcus, 
Pselldomonas aerugi1/asa, 
At'robacter acrogf'lICS 3nd 
pa/hiat:. 

Pathogenesis 

Eschen'chia coli, 
Carynebacterium sp. 
Erysjpelothrix rJJlts;o-

NUmerous predisposing factors have been impli
cated in the p31hogellesis of valvular bacterial 
endocarditis. First, the \'alve must be dam3ged, far 
example by the turbulent blood fl ow associated 
with a congenital cardi3c defect. Bacterial endo
card itis involving the aortic valve has been 
reported in associ3tion with subaortic stenosis 
(MUIl3 et al., 1978; Ro th, 1994). The stenosisle3ds 
to 'jetting' of blood through the aortic valve 
which damages the valve leaflets and may eventu
ally result in a degree of aortic regurgit3liou. 
Secondly, transient b3ctcr3cmic episodes Olre prc
sum3bly necessary to infect the sterile thrombi 
which form initially. The source of infcction in 
many cases is speculati\·e; infections im'oh'ing the 
gastrointestin31 tl'3ct, skin, lung, urogenital tl'3ct, 
onl cavity, bone and subcut'3neous abscesses have 
been implicated in the pathogenesis as have o ther 
factors such as indwelling intravenous catheters, 
previous surgery and immunosuppressive drug 
therapy (Calvert, 1982; Bonagura, 1983; 
Anderson 3nd Dubiclzig, 1984; Dunn et Ill., 1987). 
The vegetations which form on thc valves arc 
friable and tend to form embol i. The lesions also 
alter \'alve structure and function 3nd llIay result 
in mitnl andl or aonic regurgitation which may 
lead ultim3tcly to signs of congestive heart f:tilure. 

Cllnlca/ signs 

The clinical manifestations of bacteri31 endocardi
tis reflect ( I) altered \'alve function, (2) bacter
Olemia, (3) the dissemination of septic emboli 
with subsequent infarction and localization o f 
infection in joillls, kidneys, muscle, myocardium, 
lungs 3nd central nervous system (CNS) tissue, 
and (4) the host immune response which may 
result in immune complex deposi tion in synovial 
membranes and glomeruli. 

The clinical signs \'ary depending on which 
o rgans arc involved. Typically the animal may 
present with rather non-specific signs (for exam
ple anorexia, leth3rgy, weight loss) in association 
with 3 fever. The pyrexic episodes Me often inter
mittent and may last for several days before 
appearing to resolve spo ntaneously. Bacterial 
endocarditis should be considered as a differential 
diagnosis in an animal which presents with a 
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history of recurrcnt pyrcxia in the abscnce of 
more specific localizing signs (see Chaptcr " ). 

tlnll,e signs 

A heart murmur may be prcsent ahhough this 
may develop late in the coursc of the disuse. The 
murmur may be systolic if the mitral va[\·e is 
involved or diastolic if due to aortic insufficiency. 
Embolization of the coronary blood supply lead
ing to myocardial infarction or myocarditis may 
result in dysrhythmias (panicularly vcntricular 
dysrhythmias) or :atrioventricular block (Fregin 
ct a!., 1972; Berry ct aJ., 198"). Some cases 
may develop c:lrdiomcgaly and signs of lefHided 
congestive heart failure. 

Extflc,rdl,c signs 

Extracardiac signs include letharg)', anorexia, 
pyrexia due to transient, bacleraemic thrombo
embolic episodes, lameness. muscle stiffness. 
petechial or ecchymotic haemorrhages due to 
thrombocytopenia, dyspnoea and seizures. 
Di rect extension of the infection to one or morc 
joints may result in a septic polyanhritis or 
prolonged antigenic stimulation may lead to 
immune complex deposition in the synovial 
membranes and the development of a non-septic 
(non-erosive) immune-mediated polyarthro
pathy. 

M:my of the clinical signs associatl'ti with bac
terial endocarditis mimic those of systemic lupus 
erythematosus or the immune-mediated poly
anhropathies since not only may the joints be 
involved but some animals test positive for anti
red cell, antiplatc:let or antinucle.u antibodics 
(Bennett et af., 1978; Calvert, 1982: Calven et af., 
1985). 

D/llnDsls 

Ante-monem diagnosis is often difficult pa.rticu
larly if a cardiac murmur is not present. 

Full h .. mltologlcallIamlnltion Ind complete 
blocflemlcalscreen 
A mild 10 moderate non-regenerative anaemia, 
neutrophilia with or without :t left shift, and 
monocytosis may be evident. The anaemia may be 
attributed to the chronic innammatory response; 
in a few c:tScs there may be :lJl immune-mediated 
component. Systemic thromboembolism may 
resuh in impaired renal function and/or liver 
damage or dysfunction. Increased alkaline 
phosphatase (ALP) activity. hypoglycaemia and 
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hypoalbuminacmia :tre common findings in 
bacttraemic dogs (Calvert and Greene, 1986). 

Urine anllySlS and blcterlology 
Urinary tr:tct infectioll5, including those originat· 
ing in the prostate gland, are a potenti:tl source of 
blood-borne infection. B:tcteraemia is often asso
ciated with bacteriuri:t hence a urine s:tmple. 
prefcrably one obtained by cystocemesis, should 
be submined for routine analysis and b:tcterio
logical culture/sensitivity (Calvert tl al., 1985; 
Calven :tnd G reene. 1986). 

Radiographic findings 
Thoracic radiographs arc oftcn uninformative. 
Signs of congcStive heart failure with left atrial 
and left ventricular enlargement and possibly 
pulmonary oedema Ol:ty be evident in some dogs 
during the terminal stages of the discase. 

Echocardlography 
Echocardiography is the most uscful and reli:tble 
technique for confirming a di:tgnosis of bacterial 
endocarditis ante-mortem (Pipers tt til., 198 1; 
Lombard :tnd Buergeh. 1983; Elwood et al .• 
1993). Moderate-sized vegetations can be visu:tl
ized on the heart valves or mural endocardium. 

Blood culturlS 
Bactcr:temia in dogs with endocarditis is usually 
continuous. Thc timing of the blood cuhures is less 
important and culturing blood during febrile 
episodcs does not increase the frequcncy of posi. 
tive rc:sulLS in dogs with endocarditis (Dow and 
Jones. 1989). Bacterial isolation rates between 
50 and 80% h:tve been reponcd (Calven, 1982; 
Elwood t t af., 1993). A negative blood culture does 
not preclude a diagnosis of bacterial endocarditis 
and repeated ncg:ttive results have been reported in 
confirmed cascs. In order to maximize the chances 
of obtaining a positivc culture 2-3 blood samples 
should be collected, preferably at least one hour 
apart, over:t24 h period. Each blood s:tmple should 
be collected from a different vein (j ugular or 
cephalic) using standard aseptic technique. To 
minimizc the risk of contamin.ation a fre5h needle 
should be attachtd to the syringe before the blood 
is tnnsferrc:d to the appropriate culture medium. 
Each sample should be submitted for aerobic :tnd 
anaerobiccuhure. If possible, antibiotics should be 
discontinued at le:UI 2 days beforehand since they 
may delay baeterial growth. 

Synovllilsplriles 
Multiple joint tapS should be obtained from 
animals with suspected joint involvement, that is 
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those showing signs of shifting lameness. Synovial 
fluid should be submitted in EDTA for protein 
concentration and cytology, and in a steri le plain 
glass tube bacteriology. 

Immunological screening lesls 
Somc cascs of bacterial endocarditis test positive 
for anti-red cell, antiplatclet and antinuclear anti
bodies making differentiation from SLE difficult 
(Bennett (!{ ai., 1978; Calvert, 1982). 

Treatment 
The prognosis for subacute bacterial endocarditis 
is guarded. Bactericidal antibiotics should be 
administered for a minimum of 4--6 weeks (par
enter;aUy for the first twO weeks and thereafter by 
the oral route) at doses well above the minimum 
inhibitory concentration. The choice of antibiotic 
ideally should be based on the blood culture 
results. Pending these results or in cases where the 
results arc negative but bacterial endocarditis is 
either suspected or has been diagnosed, a combi
nation o f broad spectrum antibiotics should be 
given. A standard protocol is as follows. 

• Ampicillin (20--40 Illg kg-' body weight TID) 
and gentamycin (2 mg kg-' bodyweight TID) in 
combi nation should be gi \'en intravenously for 
at least the first 5-10 days. 

• Thereafter, ampillin or cephalcxin (20 Illg kg-' 
bodyweight) can be gi\·en or;ally for a funher 
2-4 weeks. Additional treatment forcongc$ tive 
heart failure should be given as appropriate. 

I MYOCAROIAL OISEASE 

Causes of myocardial damage include infection, 
inflam mation, degeneration, trauma, neoplasia, 
toxins, drugs and ischaemia. Myocardial dysfunc
tion results in a loss of myocardial contractility 
and a gradual reduction in cardiae reserve capac
ity. Clinical signs reflect the reduction in cardiac 
output with most cases progressing to congestive 
hean failurc. The reduction in cardiac output may 
be exacerbated by the development of a cardiac 
conduction disturbance or abnormality in c;l. rdiac 
rhythm. Groups of damaged myocardial cells 
become electrically unstable and may act as 
ectopic pacemakers. Spontaneous discharge of 
these foci of electrical activity can give rise to 
supraventricular or vcntricular arrhythmias; 
lesions which damage the normal conducting 
tissue may result in atrioventricular heart block 
and severe bradycardia. 

Myocardial disease in dogs and cats is usually 
classified as primary or secondary depending o n 
whether the lesions can be attributed to an under
lying di sease process. 

I PRIMARY MYOCAROIAL OISEASE IN 
THE DOG 

• Idlopalhic dllaled cardlomyopalhy 

Dilated cardiomyopathy (OC M), next to valvu
lar endocardiosis, is the most commonly diag
nosed cardiac disorder in dogs. In most cases 
the cause is not apparent; the most popular con
cept is that the aetio logy for OCM in dogs is 
multifactorial (Cobb, 1992). Cases of OCM in 
association ..... ith a deficiency of myocardial L
carnitine have been reported in one hmily of 
boxers suggesting that nutritional factors may 
be involved in the pathogenesis (Keene et aI., 
1991). L-Carnitine is necessary for the tmnsport 
of long chain fatty acids into the mitochondria 
of cardiac muscle cells and a deficiency resu lts 
in impaired mitochondrial energy production . 
More recently, it has been show n that some 
dogs with DCM have reduced plasma taurine 
levels (Kramer et al., 1995). In humans, C2rdio
myopathy is associated with depression o f the 
cellular Na', K'-ATPase pump (Norgaard ct al., 
1988) and a reduction ('down regulation ') of 
myocardial beta-adrenergic receptors (Oenniss 
et al., 1989). Whether a similar situation exists 
in dogs with OCM is not clear. A recent study 
reported no significant difference in the beta 
receptor density in fo ur dogs with DCM 
compared to normal dogs (H oey et al. , 1991). 
Immune-mediated disease with the production 
of antibodies against altered myocardial pro
teins, for example following viral infection, is a 
known cause of C:l. rdiomyopathy in humans but 
has not been recognized in dogs (Bou\'agnet et 
al. , 1985). 

The high incidence in certain bre(.-ds of dog sug
gests that genetic influences may also be impor
tant. Dilated cardiomyopathy is more common in 
medium-sized and large, giant breeds of dog with 
the highest incidence occurring in English cocker 
spaniels, old English sheepdogs, boxers, Do ber
manns, Irish wolfhounds, great Danes and Saint 
Bernards. There is an increased incidence in males 
and the aver;agc age of onset is 4-6 years of age 
(occasionally earlier especially in certain breeds, 
for example, cocker spaniels). 
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Pathophysiology 

Dilaloo cudiomyopathy results in impairment of 
S'ystolic function. Progressive dii;J.I;1lion of the 
atria and ventricles causes rcducro myocardial 
contr:lctility and incrc:.ucd cnd-diastolic pres
sures. As the cha.mbcrs of thc he2rt dil:llr so 100 

dOCI thc fib rous atriovcntricul .. r annulus support
ing thc ;uriovcnuicular vaIn cusps. AH~tcd ani
mals may, therdarc, be CXP«lro to show signs of 
low output failure due to myocardial dysfunction 
and also signs of congestive hcul failure associ
ated with regurgitation of blood imo thc ;Ur1;1. 

History 

Dilated cardiomyopathy is ChU;lCICrizcd by 
lethargy, inappetence or anorexia, gencraliud 
weakness, exercise into lerance and weight loss; 
the latter may be r:lpidly progressive once 
cardiac function becomes severely compro
mised. Animals which develop cardi:lC dys
rhythmias, the mOSI common of which is :llri:ll 
fibrilb.tion, m;ay cxperience acute syncopal 
episodes. 

Cllnlul signs 

The clinical signs of dilaled cardiomyopathy arc 
those of Icft mdlor righi-sided congestive hean 
failure. In most animals there arc signs consinent 
with both low OUipUt failure and congestive hean 
failure. 

Severely affected animals may present with 
acute dyspnoca due 10 pulmonary ocdema, 
pleural effusion or both. Increased bronchovesic
ular lung sounds with pulmo nary crackles and 
pallor of the mucous membranes with prolonga
tion of the capillary refill time m;ay be evidenl. In 
some cases right-sided signs may predominate 
with evidence of jugular di5lension, hepato
splenomegaly and ascites. The hean sounds may 
be muffled due 10 the presence of pleural fluid. A 
systolic murmur associated wilh atrioventricular 
regurgitation and/or a g:l.llop rhythm due 10 

accentuation of the third (51) heut sound may be 
present. 

Et..wc.rrllog,.phy 

The elcctrocardiogn.phic findings ;arc \·ari;able. 
C hmgcs consistent with severe leh auial and 
left ventricular enlargement (wide, sometimes 
notched P waves, wide QRS complexes, tall R 
w;aves and ST slurring) ;a re ollen present. The 
most common arrhythmia associ;ated with OeM 
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is ;a tri ;a l fibrillation which is ch;ar.acterized by an 
irregul;ar tachycardia with vari;able R-R intervals 
and an absence of P w;aves (see Figs 34.Hc and 
14.34d). In cen ain breeds (sC<' below) ventricular 
;arrhythmias are more common ;and occasionally 
atrial fibrilbtion may co-exist with ventri t ular 
premature complexes. 

Radiographic findings 

Dilated cardio myopalhy is usually chan.ctcrized 
by generalized cardiomeg;aly although in some 
breeds (for example Dobcrmanns and boxers) 
thoucic radiographs often appear remarkably 
nonnal or show signs only of left atria! and mild 
leh ventricular enlargemenl (Fig. J4.1l). There 
may be evidence of pulmonary venous congestion 
wilh an interstitial or mixed interstitial/alveolar 
lung p:lllcrn Iypieal of pulmonary oedem;a involv
ing the perihil;a r ;and dorsocaudal regions of the 
lungs (Fig. 34.14). 

Filiure 34.13 Lateral thoracic radiograph 01 a 3-year-otd 
Irish wolfhound with dilated cardiomyopathy showing a 
large left atrium and increased size of pulmonary veins. 

Echocardlography 

The echocard iogn.phic fe;ttures of dil;atcd urdio
myopathy include (Fig. 34.15); 

• An incrc:ucd left ventrieul;l.f internal dimen
sion (LVID) during systole and d iastole; 

• Reduced fr.action;t) shonening (FS) of the left 
ventricle during systole indie;aling decreased 
myoc;ardi;a! contracti lity; 

• Increased mitr.al valve E-point septal separa
tion (EPSS); 
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Figure 34.14 lateral thoracic radiograph of an 8· 
year·old Dobermann with dilated cardiomyopathy and 
pulmonary oedema. 

• Decreased thickness of IIle interventricular 
seplUm during systole and diastole; 

• E\·idence of pericardial fluid indicative of 
right-sided failure (usually the volume of fluid 
is minimal). 

Clinlcop,thologlcallindlngs 

Dogs with reduced renal perfusion may become 
azola.emic. P:usive vellous congestion of the liver 
causes mild increases in liver enzymes. The total 
plasma protein concentr:llio n is frequently 
reduced especially in dogs which arc :1scitic. 

A few cases of DCM, particularly in 
Dobermanns and gre;u Danes. have been associ
ated with hypOlhyroidism (Panciera, 1994). Total 
and free T4 levels shou ld be checked in breeds 
which arc susceptible to hypothyroidism 
although it should be noted that T4 levels may be 
depressed in dogs with DeM because o f a 'sick' 
euthyroid syndrome. 

Prognosis 

The prognosis for DeM is invariably extremely 
guardcd since many dogs f311 to survive 6 months. 
Dogs which survi\'e longer than seven months 
have a good probabilit y of being lo ng-term 
survivors (up to 40 mont hs after diagnosis in 
some cases). The presence of pleu ral effusion Of 
pulmonary oedema appC3f 10 be the poorest 
indcpcndem prognostic indicators in dogs with 
DC M (Monnet ('I al., 1995). 

Breed variations In clinical presentation 

BOler cardiomyopathy 
There is a higher incidence of dilated cardiomy· 
opathy in male boxers. the a\'erage age of onset 
being approximately 8.0-8.2 years (H arpster, 
\983). During the early stages of the disease ani
mals may show no clinical signs or may present 
with signs of we3kncss or syncope. 

The elinical featu res may be divided into three 
categories (H arpster. 1983; Fox. 1988a): 

I. asymplom:ltic with arrhythmias: 
2. syncope or episodic weakness with signs o f 

congeSlivc heart £lilurc: 

Figure 34.15 (a) 2·0 right parasternal long axis view 01 the Dobermann illustrated in Fig. 34.14 (b) showing a 
massively dilated left alrium (LA) and leh ventricle (LV); (b) M-mode echocardiogram of the same dog showing 
reduced contractility of the lell ventricle. 
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3. signs of left sided or biventricular congeni,'e 
heart failure with arrhythmias. 

Approximately 50% of cues may have a murmur 
due to mitral insufficiency. Vcntricul;1r arrhyth
mias (ventricular premature contractions or 
paroxysmal ventricular tac.hycardia) arc common. 
The ventricular extn.systoles arc typically of a left 
bundle branch block type. 

Asymptomatic cases and dogs which havc syn
copal episodes but which are nOt showing signs of 
congestive hean failure m:l.y show few significant 
radiographic abnormalities. Cardiomegaly and 
pulmonary oedema occur only with ad"ancoo 
cardiac failu rei pleural effusions arc uncommon. 
The prognosis for long-term survival is poor 
especially in dogs with congestivc heart failurc 
and/or .:trrhythmias. Many dogs fail to survive (, 
months :tnd sudden death is common (Harpster, 
1983). 

cardiomyopathy 01 Doblrmann plnsehlrl 
Dilated cardiomyopathy in Dobermanns may 
resemble clusic DCM seen in large giant breeds 
of dog (generalized cardiomegaly with signs of 
bivcntricular congestive heart failure). AHectf:d 
Dobermanns often present with severe dyspnoea 
and acute signs of low output failure. Usually 
therc is a markf:d reduction in left ventricular con
tfllcti li ry :tnd increuf:d Icft ventriculu cnd-sys
tolic dimensions (fractional shomning of the left 
ventricle during systolc mOlY be less than 10%). 
There is a subset of dogs, howevcr, which present 
with flldiogfllph ic signs of left atrial enlargemcnt 
(rather than generalized cardiomegaly) and 
engorgement of the cfllni:tl lobar pulmonary 
veins. Pulmonary oedem;l. if prcsent tends to be 
diffuse rather than perihilar in distribution 
(Calvert, 1986). Ventricul;lr arrhythmiu arc com
mon and tend to pcrsist throughout the cou rse of 
therapy. 

The prognosis is usually extremcl), poor with 
many dogs dying within 3--6 weeks of diagnosis. 
A few dogs m;l.y ;l.ppe;l. r clinically normal but nev
ertheless have radiographic evidence of mild leh 
atrial enlargemem and. echocardioguphielllly. a 
reduction in left ventricular contractility. Most of 
these dogs may be expected to develop signs of 
;l.CUte left-sidf:d congestive he;l.rt f;l.i lure within 
12- 15 months. Sudden de;l.th is common (C;l.lvert, 
1986). 

Eftall ... eocker spaniel canilomyopaUty 
Di!:tled cudiomyopuhy has been reponed in 
young to middle-;l.ged cocker sp:tniels . Affected 
;l.rumals vuy in age from 2 to 9 years and an 
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increased incidencc in m;l. les hu been reponed 
(Staaden, 1981; Gooding ~l al .• 1982; Thomas. 
1987; Fox. 1988;1.). A f;l.mili:tl predisposition hu 
been suggested [fhom:u, 1987). Clinical signs 
include ;I. cough, exercise intolerance and 
dyspnQC;l; sudden death may occu r. Unlike other 
breeds the clinical signs m;l.y be preceded by a 
long asymptomuie period. During this time ECG 
abnormalities consistent with left vemricui;lr 
enlugement (tall R waves, ST slurring) may be 
noted. Deep Q w:tves ;l.nd supfllventriculu 
arrhythmiu (atri:tl prem;l.ture cont~ctions) ;l.re 
rel;l.tively common. R;l.diographs may show 
biventricular enlargement and evidence of pul
monary oedema. Echocardiographie findings ;l.re 
more \'ariable; left ,'entricubr end-systolic dimen
sions may be increased but myocardi;l.l function 
may be less suppressed than in o ther breeds with 
dilated cardiomyop;l.thy. Progressive systolic dys
function usu;l.lIy resulu in congestive hearl hilure 
(Gooding N aI., 1986). 

r16.tm,nt of dil,t,d tlrdlomyop.,hy 

• Dogs which show signs of ;l.cute decompenu
tion should be given oxygen and confined to ;I. 

kennel. Intravenous fruscmide (2 ........ mg kg-' 
body weight) ;l.nd nitroglycerine. a venodillltor, 
can be administered to alleviate the pulmon;l.ry 
oedema and reduce cardiac prdo;l.d (;l.pproxi
mately 1 cm of nitroglycerine ointment 2% can 
be ;l.pplif:d cutaneously, usu;l.lIy on the medi;l.l 
surf;l.ce of the pinna. every 6-8 h). Morphine 
(0.2--0.3 mg kg-' body weight) c:tn be gi\'en sub
cutaneosly or intramu5Culuiy. 

• The usc of c:trdiae glycosides such as digoxin as 
positive inotropic agents is controversi;l.l. The 
myocardium of dogs with dilated cardio
myopathy gene~lly has little or no contrlctile 
reserve c;l.pacit'Y and ;l.ny improvement in 
myocardial contractility is mini nul especially 
in dogs which are still in sinus rhythm (Bright, 
1983; Kittleson e( al., 1985:t). A more signifi 
cam clinic;l.l response may be observed in dogs 
which 3re in mial fibrilla tion but this is not due 
to impro\·ed myocardial contractility but to the 
negative chronotropic effecl of cardi;l.C gl)'co
side:s. This results in a reduction in the "enlric
ulu response roue which in turn le;l.ds to 
improved diutolic filling ;l.nd increued cardi;l.c 
outpUt_ 

urge dogs may develop signs of digitalis tox
icitY;l.t rebti\'ely low doses, thus it is impom,nt 
to ca\cul;l.I'e the do~ of digoxin on a body sur
f;l.ce :tre:a buis (St"C section on C;l.rdiov:\SCul:tr 
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ther.l.peutics). Renal function shou ld be evalu
ated beforehand; digoxin is ucrcted inuct by the 
kidneys and compromised renal function may 
rC5ult in digi t ~ li s toxicity. Slow or.l.I 'digiuliza
tion' is preferred to f:lst intr.l.VenOU5 'digiuliza
tion '. Digoxin is contr.l.indiC:lted if multiple 
ventricular prem:lture complexes:lrc prt'5Cnt o n 
the ECG since even then.peutic levels o f digoxin 
m:l)' ag&r.l.\':lte ventricub,r :lrrhthmias during the 
first week of ther.tpy (Galven. 1986). 

• Symp:lthontimetic drugs such as dopamine and 
dobuumine have yet to be fully ev:tluated 
in the treatment of dilated c:lrd iom)'op~thy. 
Although both drugs have to be administered 
by slow intr.t\·cllous infusion they may have a 
role to pl:ty in the tre:ltment o f anim:lls which 
arc showing signs of acute c:lrdiogenic shock. 

• Angiotensi n convening enzyme (ACE) 
inhibitors such ;lS captopril. enal;l.pril :lnd 
benazapril have been shown to significandy 
improve exercise intolcrance and short-term 
survival times in dogs with dil;l.ted cJ.rdio my
opathy(COVEStudyG roup, 1995). Thereduc
lion in ejection imped;l.ncc IC:lds to increucd 
c.trdiac output, ;I. reduction in left vcntricular 
cnd-diutolic pressure, incrc:I.5ed mYOC:lrdial 
perfusion and :I decre:l.5e in mYOC:lrdial oxygen 
demand. Enalapril (O.5 mgkg-' body weight o nce 
o r twice daily) hu been shown to signific.tndy 
reduce hean rone, blood pressu re and Illean cap
illary wedge pressure (PCWP). The reduction 
in PCWP is reflected elinic:ally b)' decreascd 
oedema formation in dogs with DCM 
(IMPROVE Study Group. 1995). 

Alrial fibrillation 
If digoxin fails to significantly reduce the "entric
ular response rate the use of beta adrenergic 
blocking drugs such :IS propr.tnolol, o r c;alcium 
blockers such as ven.pantil or dihiazem, should be 
considered. Both types of drug ;lre negative 
inotropes and should be given in combination 
with d igoxin. In humans, bel'2 blockers hlve been 
shown to increase myocardial responsi\'eness to 
inotropic stimulation by up-regulating beta
adrenergic receptor function (H eilbrunn r:l nl., 
1989). Calcium blockers ma)' potentiate digitalis 
toxicity and the dose of digiu.lis should be 
3.djusted accordingly. 

• Hypertrophic cardlomyopalhy 

The incidence of primuy (idio pathic) hyper
trophic cudiomyop.lIhy (HCM) is much lower in 

dogs than it is in ClIS. M:lles 3.ppear to be predom
inantl), affected and there may be a higher inci
dence in boxers l nd German shepherd dogs (Fox, 
1988:1; Marks, 1993). The diseue is char:lcterized 
by hypenrophy of the left ventricular free wall 
and inte" 'entricubr septum. The aetiology of 
primuy He M has not been determined. 

Pathophysiology 

Myoc:lrdial hypenrophy resulu in decrc:I.5cd lcft 
ventricular compliance (incrc.15ed myocard i:ll 
'stiffness') and diastolic dysfunction. Systolic 
function is usulily adcqu:lte. Myocardial hyper
trophy results in i ncrc~sed myocardi;ll tension 
and afterload. This in ('urn leads to progressive 
myoc;1. rdial ischaemia and the development o f or
diac arrhythmias which arc usually vcntricul:lr in 
origin. In most c:lSes the hypertrophy is :asymmet
ric with disproportionate thickening of the 
interventricular septum complred to the left ven
tricular frcc w~ll (at necropsy, septal to left ven
tricular frcc w:l1l ratio in :tffcctcd cues is grelter 
than 1.1 ;1). Asymmetric hypertrophy m:l)' c:luse 
functional left ventricular outnow obstruction 
(Liu et nl.. 1979; Thomas t'r al., I 984a). 
Ventricular hypertrophy may also be usoci.ucd 
with fOC:lI o r diffuse endOC:lrdial fibrosis which 
further reduces ventricular compliance. 

Clinical signs 

Dogs with H CM may be uymptom:ttie o r pre
sent with l his('ory of weakness, exercise intoler
ance and syncope; l few cases may show mo re 
obvious signs of congestiw: he:trt f:lilure such 
as coughing, dyspnoc:l, pleur.11 effusion, 
hepatomeglly and ascitc:s (Liu ('r al., 1979). A 
low-gntde ejection-type systolic he~rt murmur is 
occuionally detected o\'er the region of the ;l.ortic 
valve. 

ElectrocardlDgraphlc IIndlngs 

The ECG m:ly be unremarkable. Conduction 
disturbances such as atrioventricular block lnd 
bundle branch block have been reponed (Liu r:l 

al. , 1979). 

RadlDgraphlc abnormalities 

In m:lny CiI.$CS thor.l.cic n.diogn.phs rna)' be 
normal. Occasionall y there is evidence of mild 
left atrial and left ventricular enlargement but 
signs of left-sided congestive hem f:lilure rarely 
occur. 
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Ecbourdlogflphy 

Echoca.rdiogr:l.phy typically shows hypcruoph y of 
the left ventricular free wall and interventricular 
septum and a reduction in the internal dimension 
of the left ventricle during systole and diastole. The 
left ventricular papillary muscles appear hypertro
phied. Indices of left ventricular funct ion may be 
norma) or increased. Evidence of mitral regurgita
tion may bc present. Echoca.rdiogr:l.phycan be used 
to rule OUt subaortic stenosis as a cause of myo
cardial hypcruophy in the younger dog. 

Ollf,,,n",' dl.gnosII 

The major differential diagnosis in a young dog 
is congenital subaortic stenosis which usually 
resulu in concentric symmetric;lil hypertrophy of 
the left ventricle and interventricular septum. Left 
ventricular hypertrophy may occur in athletic or 
working dogs; echocardiographic evidence of left 
ventricular hypertrophy has been reported in 
he;lihhy fit greyhounds (P;lge et aI. , 1993). It may 
also occur secondary to :meri;ll hypertension in 
dogs with chronic renal disease (Cowgill and 
Ka.llet, 1986). 

Prognosis 

The prognosis for hypertrophic cardiomyopathy 
is extremely guarded. The condition is progressive 
and although medical management may be pallia
tive, sudden unexplained death is common even in 
ani mals which h;l ve previously been asymptomatic. 

Tre.tm,nt 
Medica.l man;ligement should be dirtttcd towards 
the signs of congestive heart failu re or controlling 
any arrhythmia which mlly be present. Betll block
ing agents may increase ventricular compliance and 
thereby improve diastolic filling although there 
have been no controlled studies to confirm that this 
is the case. The use of ealcium blocking drugs such 
as dilti:azem has not been fu lly evaluated. 

I SECONDARY MYOCARDIAL DISEASE 
IN THE DOG 

• Inlocllve myocardilio 

Viral (III IIID Chi pier 48) 
Parvovir.al myocarditis occasionally occurs in 
young dogs which arc infected in IItero or as 
neonates (Atwdl and Kelly, 1980; Ware and 

SECONDARY MYOCARDIAL DISEASE IN TH E DOG I 289 

Bonagur:l., 1986; Van Fleet and Ferrans, 1986). 
Peracute discue may result in sudden death from 
heart failure in pups :aged J-8 weeks (Lenghaus et 
aI., 1980; Lenghaus :and Studdert, 1982). Milder 
lesions may result in dilued cardiomyopathy and 
signs of congestive he:art failure or arrythmias in 
oldcr pups up to thc age of 6 months. There is also 
cxperimenul evidence to suggest that canine dis· 
temper virus can causc severc myocardial d :amage 
in \'ery young pups (Higgens t!t at., 198 1). 

BaClerial 
Focal suppurative myocarditis m:ay occur as a 
sequel to bacter.J.cmia associated with bacterial 
endocarditis or pericarditis (Van Fleet and 
Fernns, 1986). Affected animals m:ay show sys· 
temic signs (fever, weight loss and depression) and 
an arrhythmia is often evident on an ECG. Serial 
blood cultures should be performed in an :animal 
showing appropriate clinical signs. Myocarditis 
has been reported in a dog which was seropositive 
for Borrelia bllrgdor/eri (Lyme disease; Levy:and 
Dur:l.Y, 1988). 

Protozoll 
Infection of the myocardium with Toxoplasma 
gondij occuionally oceurs in immunosuppressed 
animals. Neospora caninllm infection has becn 
reponed as a C:aUK of myocllrditis ;!,nd sudden 
de:1th in a dog (Odin and Dubey, 1993). 
T rypanowma CTllzi infection (Chagas' disease) is 
:lSsoci:ated with gr:l.nu lom:1tous myocarditis in 
young dogs in the southeu tem United States 
(Williams et al., 1977). 

Fungal 
Myocardi :al involvement has been reported with 
systemic mycotic infcctions, for example crypto
coccosis, coccidioidosi! and aspergillosis (Maddy, 
1958; Wood et al., 1978; Edwards and Rebhun, 
1979; Mullaney et at., \983 ). 

• Tra.mallc myocardilio 

Traumatic myocarditis m:ay be caused by pene
trating wounds or blunt trauma for ex:ample :after 
1I ro:ad traffic :accident. Myocardial ischllemia, 
haemorrhage or contusion may result in severe 
\'entricular arrhythmias which may not be 
apparent until 12-48 h after the traumatic episodc 
(M:acintire and Snider, 198-4). Serious Iifc· threat
ening arrhythmias require prompt and aggrcssi,·c 
therapy; less severe arrhythmias associated with 
minimal hllemodynamie changes may resolve 
spontaneously :1I"ter a fcw d:ays. 
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DI'gnosls of myocarditis 

The di:lgnosis of myocardit is is often presumptive 
and ba.sed on the history and clinie;l.l and clectro
e;l.rd iogr:aphic findings. Infectious myocardifis 
should be susp«ted when ~rsisten t or imennit
tent pyru:i:a is :accomp:anied by :an arrhythmia 
andlor signs of congestive heart fa ilure (C HF). In 
the absence of signs of C H F thor:acic radiogl'1l.phs 
arc often unrcmarkable. Serial blood cultures 
should be taken if possible during a pyrexic 
episode, ;1.11(1 scrological teSlS for specific disc:ases, 
for example c.lnine parvovirus or toxoplulllosis, 
may :llso be indicated. 

r",tm,nl of myocarditis 

'Ibef:\p y should be dir« ted towJ.rd the underly
ing disease process as well as management of con
gestive heart failure 2nd any arrhythmia which 
m:ly bc present . A broad spectrum antibiotic 
should be used if:ln infectious cause is susp« ted; 
the administrat ion of con icosteroids for their 
anti-infl amm:llory properties moly also be justi
fied. 

• Myocardial neoplasia 

Primary myoc2rdi:ll tumours :lre f;1re. 
'·bem:angios.lfcoma involving the right atrium is 
the most common primary cardilc tumour with 
most cucs occurri ng in older Gennan shepherd 
dogs (Kleine t'l al. . 1970; PeJ.rson and Head, 
1976; Aronsolm. 1985; Brown t'l ai .• 1985). 
C hemodectomas or heart bue tumours (most are 
aortic body tumours rather than c2rotid body 
tumours) arisc from the base of the aorta and/or 
pulmonary artery. They tend to be locally inva
sive :and have a predilection for brachyceph:llic 
brceds such as boxers and Boston terriers (Patnaik 
I!t al., 1975). Met'astatic tumours (for ex:unple 
lymphoma or haermmgiosarcoma) also may 
infi ltrate the myocardium. The clinica.l signs of 
m)'ocardial ncopl:tsi:l v;lry depending on the 
loc;ltion of the mass and degree of myocardial 
infi ltr:nion. Arrhythmias and uriovcntricuiar 
conduction blocks are common; animals with 
pericardial involvement may de\'clop a pericardial 
effusion resul ting in cardiac tanlponlde and signs 
of right-sided congestive heart fl ilure. 

Confi rm.uion of myoardial and fX-rlc:a rdial 
neoplasia is Ixst achie\·ed by the uS( of « ho
clfdiognphy which may rev(,OlI echodense foci 
or muses withi n the m)'ocardiu m. 

• Toxins 

The ventricul:u arrhythmias which are oflcn uso
ciattd with gastric dilatuion-\'olvulus 3.nd acute 
pancreatitis may bc the result of myocardial 
ischaemia and necrosis. The pathogenesis of these 
lesions is uncen,l. in; myocOlrdill depresunt facton 
have been implicated (Mui r and Weisbrooc. 1982; 
Ware and BonOlgun, 1986). 

C hronic adm inistra tion of the anthracydinc 
drug, doxorubicin. results in progressive myo
cardial degeneration wi th clinicOlI signs which arc 
similar to thosc of dilated c3.rd iomyopathy. The 
acute eff«ts of cardiotoxicity (reduced left ven
tricular fi lling and decrc:ascd cardiac output) may 
occasionally occur after initi :l. l thenpy ;l.nd arc 
thought to be mediated bl' histamine :lnd C2te
cholamine release. Signs 0 chronic toxicity (left 
l'entricular enlal);ement and congestive heart f:l. il· 
ure) may occur with mooi :l.n cumulative doses 
greater th:ln 150 mg m-J BSA (Mauld in ct al., 
1992). Left ventricular dilatation is associated 
with a marked decru .se in myocardial contr:lctil
ity and arrh ),Utmias (supraventricular :l.nd ventric
ular arrhythmiu as well u conduction 
:lbnormalities) are common. EC G chOl ngcs may 
occur :.11 cumulative doses leu than 90 mg m·l :l.nd 
mOly precede signs of congesth'e heart f:l. ilure 
(Mauldin ct al., 1992). Regular ECG and echocar
diogr:aphic monitoring of patients receiving dox· 
orubicin is essential thercfore and therapy should 
be discontinued if abnonnalitics arc noted. 

lrfyoClrdl,'lsch"ml, 

Myocardial ischaemia, n« rosis :md infOl rction is 
nO! a major cause of death in dogs as it is in 
humans. Microscopic foc al lllyocardial infarction 
has been associated with thrombotic diseases, for 
example bacterial endoc2rditis. following 
thromboembolic occlusion of the coronary artery 
(Nielson ;l.nd Nielson. 195-1 ; Ware and Bonagur:l., 
1986). Similar microscopic infa rcts and focal areas 
of myoc:trdialnecrosis and fib rosis may occur in 
older dogs with v:l. lvular endocardiosis although 
the signifi cance of these lesions is uncertain 
Uohnsson. 1972). The p2thogcnesis of these 
lesions is nOI known; one possibility is that they 
arc c2uscd by coron:try vasoconstriction in 
response to incre:ucd levels of ci rculating cate
cholamillt'S. Myocardi:tl ischaemia may also occur 
u :an impon ant and sometimes life-threatening 
complic:l. tion in dogs with acute gastric dilau 
tion-\'oh'ulus :lnd acute pancreatitis. Less 
frequemly it has been reponed with athcrosclero-
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sis in hypothyroid dogs which arc hyper
eholesterolaemie (Liu t t al., 1986). 

I PRIMARY MYOCARDIAL DISEASE IN 
THE CAT 

The cardio myopathies and thromboembolic com
plications which often resul t represent the most 
common cardiovascular disorders in the cat. If 
s«ondary cardiomyopathies are taken into con
sideratio n (that is cases where the cardiomyopa
thy is associated with an underlying systemic or 
metabolic disease) the incidence has been 
estimated at 12-15% (Bond and Fox, 1984). 

• Dllaled cardiomyopathy 

The aetiology of primary dilau:d cardiomyopathy 
in the cat is unknown. Recent work has indicated 
a close association be[Ween dietary tau rine den
ciency and dilated cardio myopathy (Pion e1 aI., 
1987; Pion, 1989; Novotny et al., 1994). I.n the cat, 
taurine is an essential amino acid which is 
required for the conjugation of bile acids. The 
premise that taurine deficiency is one of the 
causative factors in the pathogenesis of Oe M is 
based on the fac t that many CatS on taurine
deficient diets develo p myocardial failure which 
can be reversed with taurine supplementation 
(Pion et al., 1992b; N ovotny et al., 1994). 

However, not all cats on taurine-depleted diets 
develop OCM and some which do develop car
diomyopathy fail to respond to taurine supple
mentation. About 38% of ColIS with DCM in o ne 
study fai led [0 respond [0 tau rine supplementa
tion and died within the firs t 30 days of treatment. 
Hypothermia and thromboembolism were found 
to increase the risk of early death (Pion et al., 
1992b). 

It is also known that catS on apparently ade
quate diets can nevenheless become taurine defi
cient. The minimal concentr:lIion of taurine in the 
diet required to prevent signs of deficiency varies 
with the type of diet. Fo r el(ample, it has 
be~n shown that much higher concentrations 
(2000-2500 mg taurine/kg dry maner) of taurinc 
a.re required in canned diets compared to dry ca.t 
foods since heating during the canning process 
produces products which increase the entero
hepatic loss of t;l.U rin~ (Mo rris c/ al., 1990). Low 
plasma taurine I,,·cls have been reported in cats 
fed a taurine replete but poussium depleted diet 
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containing 0.8% ammonium chloride as a urinary 
acidifier (Dow et al., 1992) suggesting a possible 
association between uurine a.nd potassium 
balance in cats. Dietary acidification exaccrbatcs 
potassium depletion in cats by decreasing 
gastrointestinal absorption of potassium (Dow 
et a!., 1990). 

It has been suggested therefore that the actiol 
ogy of fdine OeM, like that of OeM in dogs, is 
multifactorial (Pion el al., 1992b). There is some 
evidence to show that genetic fac tors may playa 
role in fd ine OeM (Lawler el al., 1993). Burmese, 
Siamt."se and Abyssinian cats appear predisposed 
(Fox, 1988b; Bonagura, 1989). The incidence of 
OeM is higher in young to middle-aged cats; 
the evidence for a sex predilection is equ ivocal 
(Harpster, 1986) . 

PalhophysiolollY 

Impairment in myocardial contractil ity leads to 
syswlic dysfunction and increased end-d iastolic 
pressures. Progressive d ilatation o f the ventricles 
results in disto rtion o f thc atrioventricular valve 
apparatus and mitral regurgi tat ion which, 
together with the reduction in myocardial can· 
lractility, contributes to the reduction in stro ke 
volume and decreased cardiac output. 

Clinical silins 

The clinical signs may be gradual in onset and are 
often rather vague (lethargy, reduced activity and 
decreased :lppClitc). M:lny of the presenting signs 
are similar to those of hypertrophic cardiomyo
pathy (sec below) making differentiation berween 
the two diseasl'$ on a clinical basis difficult. UIS 
which arc dyspnoeic may be dehydrated and 
hypothermic with weak femoral pulses. There 
may be obvious pallor o r cy:lnosis of the mucosae 
with a prolonged npillary refill time. Increased 
respiratory crackles in association with a gallop 
rhythm and systolic murmur arc common find
ings; the presence of :l large volumc of pleural 
fluid may result in muffled hean sounds. Less 
freque ntly there is :llso evidence of rigln-sided 
failure (jugular d istension, and hepato megaly); 
ascites is a rart." finding. 

Electrocardlollraphy 

Thc clectrocardiosraphic changes do not help d if
ferentiate OeM from the hypenrophic form of 
the disease. Some cats rem:l;n in a relatively slow 
sinus rhythm. Tall R waves and wide P waves and 
Q RS complexcs may be apparent ;n Lead II. 
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ArrhYlhmiu, especially \'emricular premature 
complexes, have been re<:orded in more Ihan 50% 
of cues (Harpsler, 1986). The mean electrical axis 
is often within nonnallimits. 

Radiographic ffndlngs 

Thoracic ndiognphs lypicaUy show e\,idencc of 
generalized cardiomegaly; enlargement of the 
lefl atrium may be panicularly marked (Fig. 
34.16). The cardiac silhouetle is often obscured 
by Ihe presencc of a bilaler.ll pleur.ll effusion. 
Pulmonary venous congestion and oedema ma)' 
be present hUI these changes arc usually mild 
and are o ften masked by Ihe presence of fluid 
in the pleu ral space. The c:lUda! \'ena cava is 
often dilated and tht."re may be t."videnct." o f 
hep:uomegaly. 

EchoClrdlognphy 

Echocardiography offers tht." most ,,:liable means 
of differentiating OeM (rom hypenrophic C;J.r· 
diomyopalhy. Tht." interventricular septum and 
left ventricular free wall :lppear Ihin and poorly 
conlnClile with a marked reduction in fractional 
shonening. Both ventrieles and the left alrium 
appear ditated and left ventricular end-diastolic 
and end-systolic internal dimensions arc 
increased. 

• 

L,bonlory ffndlngs 

Normal plasma faurine levels arc grealer than 
60 nmoll-' (AnalllharJ.man and Ballevre, I99J); 
most (:tIS wilh OeM have plasma taurine concen· 
trations less Ih:tn 20 nmol I-I and often less than 
10 nmol l· ' (Pion /!t 11/.,1987, 1992a; Novotny 1'1 

at., 1994). Taurine-dehciem catS widl Ihrombo
embolism may have slightly higher plasma taurine 
concemr:nions duc to reperfusion hyperkalacmia 
(Pion tl al., 1992a). Whole blood t:lurine has been 
repon ed 10 be less sensitive to acute changes in 
t:turine intake and provides a bener indication o( 
long-term taurine intake. Whole blood taurine 
concentrations grealer than 280 nnloI1-' are con
sidered adequate (Anamharaman and Ballevre, 
I 99J). 

Prerenal azotaemia is a common Ilnding in catS 
with Oe M becausc of reduced rell;!.l pcrfusion. 
The pleunl cffusion whic.h develops with feline 
OeM is typically a serosanguincous modified 
transudatc; (rue chylous effusions have been 
repon ed in association with right hean failure 
(Fossum et 11/., 1994). 

Angiocardiography 

Non-selectivc angiocardiography can be used to 
dcmonStrate d ilatation of all cardiac chambers. 
Thc slow circulation time in cats wi th OeM 
increases the risk of thromboembolus formation 

b 

Figure 34.16 Lateral (a) and dorsoventral (b) Ihoracic radiog raphs 01 a S-year-old domestic shonhaired cal with 
dilated cardiomyopathy showing generalized cardiomegaly. 
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during this procedure and decompens:l[ed c;'lses 
should be stabilized beforehand (Fox and Bond, 
1983). 

Tre,tment 
Cats which arc scverely dyspnoeic should be 
given oxygen, kept warm and placed in a cage. 
Dyspnoeic animals, particularly those with sus
pecu~d pleural effusion, should be handled with 
care and should not be placed in dorsal or lateral 
recumbency for radiogn.phy. A dorsoyentral 
radiogl'11ph taken with the animal res ting in ster
nal recumbency is usually suffi cient to confirm 
the presence of pleural fluid. Thoracocentesis 
should be attempted bcfore a more det:tilcd 
radiographic examination is performed. Other 
therapeutic strategies arc summari zed below. 

• Digoxin improves myocardial contractility in 
some but not all cats with OCM and it has been 
suggested that the drug may act synergistically 
with taurine in this respcct (Atkins et al., 1990). 
The liquid form of the drug is unpalatable and 
is generally not well to lerated. There is consid
erable individual variation in the way in which 
cats respond to digoxin (Atkins el ai., 1989). 
The maintenance oral dose is 0.01 mg kg-' every 
48 h for an average 3-4 kg cat which is less than 
one quarter of a 62.5 ).Ig tablet every other day 
(Snyder and Atkins, 1992). Cm with OCM arc 
more susceptible to digoxin toxicity and tend 
to show toxic signs when the plasma con
centration of digoxin is approximately 50% 
of the level which would be considered toxic 
in a normal healthy cat (Fox, 1988b). 
Approximately 50% of cats given 0.01 mg kg-' 
body weight every 48 h show signs of toxicity 
(Atkins et al., 1989). 

• Other positive inotropic agents such as 
dopamine and dobutamine must be given by 
constant slow intravenous infusion and are, 
therefore, not used as extensively. Both drugs 
can be given at a rate of 1-5 pg kg" body weight 
min" (Bonagura, 1989); with dobuumine, 
seizures have been reponed with infusion rates 
as low as 5).1g kg-' min-' in cats (Fox, 1988b). 

• Frusemide (initially 1.0 mg kg-' body weight 
intl'11venously twice daily; for maintenance 1- 2 
mg kif' body weight per os once or twice daily) 

• Mixed aneriovenou5 vasodil.:!.tors such as cap
topril (3.12-6.25 mg kg-' body weight per os 
twice o r three times daily; this dose equates to 
approximately one-eighth [0 o ne quaner of a 
25 mg tablet; FO)l", 1988b) o r venodilators such 
as 2% nitroglycerine oi ntment (!-i--!4 inch 
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applied three times daily to the inside of the 
pinna; Luis Fuentes, 1992) can be given 
although the beneficial effects of these drugs 
have yet to be evaluated fully in cats with 
DeM. They sho uld not be given to cau with 
c:trdiogenic shock since they may potentiate 
the fall in cardiac output especially if used in 
conjunction with diuretic agents. 

• Animals which arc severely hydrated may 
require intravenous o r subcutaneous flu id ther
apy, for example 0.45% saline with 2.5 % dex
trosc solution may help combat the effeclS of 
circulatory failure. The recommended rate of 
infusion is 25-35 ml kg-' body weight dar ' 
given in twO or three divided doses (Fox, 
1988b). Care should be taken so that the rate 
of infusion optimizes cardiac output but mini 
mizes the risk of exacerbating pulmonary 
oedema or a pleural effusion. 

• Aspirin (25 mg kg-' body weight every 72 h) 
• Taurine supplementation (250-500 mg per os 

twice daily) may result in a dramatic clinical 
improvement within 1-2 weeks when OeM 
is associated with taurine deficienc)!, although 
cchocardiogrllphic evidence of improved cardiac 
performance is usually not evident until after at 
least three weeks of treatment (Pion ct al., 1992b). 

• Sodium restricted diet 

Prol1nosls 
The prognosis for cats which fail to resond to tau
rine therapy is poor. About 93 % of early deaths 
occur within the first two weeks; few survive 
longer than one month (Pion et aI., 1992b). 
Taurine supplementation can eventually be dis
continued if adequate taurine illlake is provided 
for in the food. 

• Hypertrophic cardiomyopathy 

The incidence of hypenrophic cardiomyo pathy 
(HCM) is higher in the cat than it is in the dog. 
H C M can be classified as primary or secondary. 
The aetiology of the primary o r idiopathic form is 
unknown. A rccent survey of 74 cases of H CM 
showed no apparent br«d predilection (Atkins et 
ai., 1992); o thers have suggested th:tt the Persian 
breed may be predisposed (Fox, 1988b). The dis
case rarely occurs in the Siamese, Burmese and 
Abyssinian breeds in which there is a much higher 
incidence of dilated cardiomyopathy (Fox, 
I 988b). Secondary H CM most commonly occurs 
in association with hyperthyroidism. 
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Id iop;uhic HeM typically occurs in young to 
middlc· ;lged Cilt.S (mean age 6.5 years) and males 
:lrc more commonly affecu=d (tiu et al., 1981; 
Bond :.and Fox. 1984: Harpster. 1986). 

Pathophysiology 

• HeM is char.lcu:rizcd by symmclriC31 hyper· 
trophy of the intcrvcntricubr $cplUm and left 
l'cmricular free wOl11. Occ:lsion.1l1y there may 
be c\·idcncc of lefl vcntricubr outfl ow ObSITUC· 
tion especially if there is disproportion;l.lc 
hypcnrophy of the septum (filley rt 11/.,1977; 
Liu rl al., 1981). P,mial aonic outflow obstruc
lion may also bc caused by :lntcrior mOlion of 
the mitral valve d uring carly 5)'5101e but this 
appears to be a rare occurrenCe in feline HeM. 
Indeed, cchocardiographic studies have shown 
th;!,! most cats widl HeM do not h;l,vc left ven
tricular out now gr;tdi~ nf.s and it app~ars th~r~
for~ that obstructive HCM, ;l.5 occurs in dogs, 
is me in cau (Brigt\! ct lAl., 1992). 

• Left ventricular hypcnrophy r~ults in d(.'(:re;ued 
myocardial compliance. interference with normal 
diastolic filling dueto impaired myocardial relax
atlon, and an incre;uc in I ~ft vemncularend-dias
tolic pr~sure (d~pite a nornlal or often reduced. 
cnd-diutolic \'olume). Decreased myocardial 
compliance may be aggnvated by foc:l! or diffusc 
endOC:lrdial fibrous tissue dl.'position. Pressure 
overload within the left ventricle may also be asso
ciau:d with mitnl \'al\'e dysfunction and rcgur
giulion leading to left atrial enlargemrm (Bright 
et lAl., 1992). 

• Thc decre;tSc in slroke volume ultimately leads 
to a rwuction in cardiac: output and decreased 
coronary perfusion resulting in myocardial 
ischaemia. Abnormal m).ocardial handling of 
calciu m may b~ a faclor in the pathogenesis of 
He M (an increue in intracellular calcium 
inhibiu complete m),ocardial relax:\! ion which 
may cxplain wh)' calci um blocking drugs have 
be~n shown to improve diaslOlic function sig
nificantly in affected cau (Bright t't al., 1991 ). 

• More rect'ntl )" t'xcessive circulating levels of 
growth hormone has be~n implicated in the 
pathogenesis of He M. em with acromeg:lly 
due to functional pituiury tumours h;H'e He M 
(Peterson t't al .• 199O). It has :llso been shown 
that non':lcromegalie cats with HeM have sig
nific:lntly increased levels of growth hormone 
compuw to normal cats and cats with other 
forms of cudiac disease but whether this is 
cause or C(fcct is not dC:lr (Kittleson et at., 
1992). 

Clinical signs 

Recent studies have demonstrated the hetero
geneity of fcline HCM with regard to the 
wide spcctrum of clinical. electrocardiognphic. 
r.tdiogt.lphic and echocardiographic features of 
the disease (Bright ct al .• 1992; Peterson et al., 
I99J). Some cases of HCM remain asymptomatic 
until the cat is stressed. The clinical signs of HeM 
arc typically those of l eft-sid~-d congesti"e hean 
failure . Bright and others showed that 61 % of eau 
with He M had a history of respiratory distress 
char:lcterized by the acute onset of dyspnoea pro
gressing to mouth brenhing (Bright I!t ai" 1992). 
Affected cats become lethargic, anorexic and may 
cough. Occasionally hcan sounds rna)' be muffled 
dut· to the presence of pleural or pericardial 
flu id. Clinical examination may reveal diffuse 
pulmonary ct:lckl es and the presence of a gallop 
rhythm andJor systolic mu rmur. O thcr more 
variable signs include prolonged capillary refill 
lime and pallor or cyanosis of the tongue and 
mucous membranes. Animals showing severe 
signs of c:.rdiac failure arc often hypothermic 
with weak femoral pulses, The increased tendency 
towards thrombus formation may result in acute 
onset of hindlimb (less frequently fordimb) paral
ysis or lameness with cold limb extremities (see 
section on anerial thromboembolism). 

Eleclroc6rdlogflphy 

Almost 70% of cases may be expectl.'d to have an 
2bnorml.I EeG. Abnormali ties repon ed include 
increased amplitude and width of P and R waves 
(P waves >0.04 5 and >0.2 mVj QRS complex~s 
>0.04 sand R waves >0.9 mV in lead II ), urhyth
mias (atrial or ventricular preml. ture contractions) 
l.nd conduction disturbances, Leh anterior 
fascicular bundle branch block, with deep S waves 
in leads I, ll and III and Icft l.xis deviation. is par
ticularly common (Bright ct al .• 1992). 

Radiographic IIndlngs 

Radiographic abnormalities consisting of mild to 
moderate Il.' ft atrial and left "emricular cnil.rge
mcnt or bi"entricular enlargement with e"idenc~ 
of pulmonary venous congestion and/or oedema 
are present in more than 80% of cases (Bright et 
al., 1992). Bi,'entrieular enlargement ml.y lead to 
devation of the Inchea and increased sternal eon
t:lC! and. on the dorso"entnl view. the enlarged 
atria may result in a 'valentine-shaped ' he:.n 
(Fig, J·U 7). Occasionally there may also be 
ndiographic signs of right bean failure (right 
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Figure 34 .17 Lateral (a) and dorsoventral (b) thoracic 
radiographs 01 a 1D-year-old domestic shorthaired cal 
with hypertrophic cardiomyopathy. Note the 'valentine
shaped' appearance of the cardiac silhoueHe on the 
dorsoventral view. 

ventricular enlargement, hepatomegaly and 
asci tes (Bright et al., 1992). 

Echocardiography 

He M is characterized by symmetric o r less fre 
quently asymmetric hypenrophy of the inter
\'entricular septum and left ventricular free wall, 
and enlarged hypenrophied papillary muscles 
which contribute to a marked reduction in left 
ventricular internal dimensio ns (Fig. 34.1 8). Most 
cases show evidenu of a moderate degree of left 
;urial d ilation and fractional shon cning is usually 
nomu.1 or increased. Occasionally there is systo lic 
anterior motion of the septal mi tral valve leaflet 
and Doppler studies may sho w mitral regurgita
tion (Bonagura. 1994). Mild pericardia! effusion 
may be evident. 

Angiocardiography 

With the increased usc o f ultrasound angiocardio
graphy is rarely required. In the absence of ultra
sound facil ities, non-selective angiocardiography 
(inj«tion of the contrast agent via the jugular 
\'c.in) can be used to demonstrate the hypcrtro-
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phied left ventricle and papillary muscles and 
regurgitation of contrast inlO the d ilated left 
atrium. Circulation time is usually nonnal (Bright 
el al., 1992). 

Prognosis 

The prognosis fo r He M is guarded and other 
causes o f left ventricul ;l. r hypenrophy such 
;!.$ systemic hypen ension, hyperthyroidism, 
acromeg;!.ly, chro nic anaemia and congenital 
subaort ic stenosis (rare in the cat) shou ld be 
excluded. Plasma TJ and T 4 concentrations 
sho uld always be determined even when no 
thyroid nodules can be p;l. lpated in the neck. 

Treatment 

• Cats presented with severe respirato ry distress 
should be given oxygen and conllned to a cage 
in the Il rst insunce. Initially frusemide may 
be given intravenously or intramuscularly ( 1-
1 mg kg' l body weight); thereafter it may be 
given orally at a dose rate o f I mg kg-I body 
weight tWO or three times daily. O ne of the 
main ;!. ims of therapy should be to reduce the 
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heart rate to less than 180 beats per minute in 
order to improve cardiac filling. 

• Diltial.em not only decreases the heart rate in 
calS with H Ci\·t but increases myoc:trdial rcl:tx
:ttion, decreases myocardial oxygen demand 
and dilates the coronary vasculature. It has 
minimal negati,'e inotropic and peripheral 
vasodilating properties compared to other c:tl
cium blocking agents such as verapamil. A dose 
of 1.7S-2,4 mg kg" body weight per os th ree 
times daily (me:," effeCli,'e dose 1.78 OIl; kg-') 
has been shown to effecti,'cly red uce pul
monary congestion and improve left ventricu
lar filling witb no apparent side effect s (Bright 
I.'t al., 1991). 

Recent work has shown tb'\I the survival times 
of cats wilh HC M may be prolonged with the 
use of calcium blocking agents such asd iltiazern. 
About 94% of calS in one study recei"ing dilti
azcm sU I"\·i,'ed longer than 6 months (Bright ct 
11/.,1992). Cats which show no clinical signs on 
initial presentation and those with heart ratcs 
less than 200 beats per minute survivc signifl
c:tntly longer than do cats with emboli or 
congesti,'e hcart failure. 60% of which fail to 
SUI"\·ivc 6 months (Atkins cII,I., 1992). 

• Beta-blocking drugs such as propranolol 
(2.S-5.0 mg per os twice or three times daily) 
slow thc heart rate and improve di;lSIolic fill
ing. Propranolol is the antidysrhythmic drug of 
choice for cats but its effc.'Cts o n myocardial 
compliance in cases o f fclinc H CM have no t 
bcen documented (Luis Fuentes, 1992). 

• Although vasodilators arc gener3l1y cOllln
ind icated in cats with HC M, captopri l 
(3 .12-6.20 mg twice or three times daily) may 

Fillure 34.18 Ultrasound HeM cat (TtF). 

be useful in cases with sevcre mitral regurgita
tion and signs of refractory congcsti,·c hcart 
failu re (Luis Fuentes, 1992). 

• The administration of digoxin is contraindi
cated in cau with HeM since myocardial 
contractility is o ften normal o r increased. 

• Aspirin (25 mg kg-' body weight every 72 h) 
should be given to minimizc the risk of 
thromboembolic disease although there is no 
evidence to date to suggest that aspirin, if gi"en 
prophylactically, decreases the incidence of 
arterial thrombosis in C;l tS with HeM. 

I iniermediale (Inlergrade) 
cardiomyopathies 

Certain forms of cardiomyopathy cannot be 
classified as either hypenrophic or dilated on the 
basis of the clinical, radiographic, tthocardio
graphic and angiographic features. A cat with an 
intermediate cardiomyopathy may show signs of 
bot h systolic and dystolic dysfunction. 

Restrictive cardiomyopathy 

Reslricri"e cardiomyopathy (RC M) occurs in 
older cats and no convinci ng sex pred ilection h:ls 
been reported (Fox, I 988b). It is the least common 
form of primary myocardial disease in the cat. 
The aetiology is nOt known. 

The haemodynamic effec ts arc similar to those 
of restrictive pericardit is. Focal o r d iffuse endo
cardial and subendocardial fibrosis impairs 
diastolic filling and leads to an increased left ven
tricular end-diastolic pressure. 
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The clinical signs of RCM arc similar to those 
of the hypertrophic and dilau:d (onns of the 
diS<!ue. Signs of both left- and right-sided failure 
may be apparent and the disease is associated with 
a high incidence of thromboembolic disease. 

Electrocardiographic :abnorm:alities h:ave been 
r'«orded in up to 70% of aff«ted cats. Changes 
consistent with left atri :al enlugement and left 
ventricular enl:argement may be evident and 
ventricular and supraventriculu arrhythmias arc 
common (Fox, 1988b). 

Radiographic abnonnalities include generalized 
cardiomegaly (left atrial enlargement is often pro
nounced), pulmonary congestion and oedema, 
and pleural effusion. Hep:atomegaly and ascites 
may abo be present. Echocardiography may 
show thickening of the interventricular septum 
and left ventricu lar free wall and left atrial dila
tion. Par:adoxic:ally, both ventricles may appear 
dil:ated (Fox, 1988b; Bonagura, 1994). Myocardial 
contractil ity is oft en nornlal or slightly reduced. 
A mild degree of pericardial effusion may be evi
dent. Non-selective angiocardiogr:aphy m:ay show 
filling defects within the left \'entricie and a 
grossly dilated left atrium. 

Tre<ltmenl is similar 10 the other forms of 
cardiomyopathy. Other causes of ventriculu 
hypertrophy such as systemic hypertension and 
hyperthyroidism should be considered as possible 
differentials. 

The prognosis as with the other forms of 
cardiomyop<lthy in the cat is guarded. 

&,,"Iv, I,n v,ntrfcullf mod,rator bands 

This is a rare form of myocardi:ll f:lilure :lssociated 
with abnonnal moderator band networks bridging 
the interventricular septum, left ventricular free 
wall and papi llary muscles. There arc fe w clinical 
differenti:ating features :and diagnosis is largely 
based on echocardiographic detection of the 
abnormal moderator bands using two-dimensional 
eehocardiography. Conduction abnormalities 
(bundle bl'1lnch blocks and atrioventricular blocks) 
appear to be common. Post-mortem exami nation 
of affected :anim:als has shown th:at left ventricular 
hypertrophy is more common in younger eats 
(me:an age 4 years) whereas older cats tend to show 
ventricular dilatation (liu ct al. , 1982). 

• Arterial thromboembolism 

Cats with any form of cardiomyopathy have a 
predilection to form intr:aeardiac thrombi in the 
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left atrium; the incidence is highest in cats with 
hypertrophic cardiomyopathy (liu ct al., 1975 ). 
These thrombi oftC'n become lodged at the bifur
cnion of the iliac arteries; less frequently they 
may occlude the bnchial. coeliac or renal :arteries. 

Pathophysiology 

Altered blood flow and vascular stasis predispose 
to thrombus forma tion. Localized re1c:;ue of 
vasoacti\'e substances such as serotonin :and 
,hromboxane ;11 the sile of vascular occlusion 
result in vasoconstriction of the coll:a teral blood 
supply adjacent to the occl uded \'esscl (Schaub 
et al., 1982). Moreover, the release of sermon in 
induces platelets to aggrq;ate which further 
pOlentiatcs clot formation. Occlusion at the iliac 
bi furcation (3 so called 'saddle' thrombus) results 
in ischacmic damage [0 the muscles and nen'es of 
both hind limbs (ischaemic ncuromyopathy). 

CliniClI signs 

Iliac thrombosis is char.lclerized bv the sudden 
onset of cryi ng and hindlimb paresis'which results 
in dnggi ng of one or both hind limbs (occlusion 
of :a bnchial utery may cause simil3.r signs in a 
forelimb). The cat may present with acute 
dyspnoea and mouth bre;lthing and the mucous 
membranes may appear cy:anotic (p:articul:arly if :a 
pulmonary :artery is thrombosed). The: affected 
muscles become firm and painful to louch after 24 
hours. One or both femoral pulsc:s may be absent 
and the paws and distal limbs arc hypothermic 
(pink pads may appear pale). 

Diagnosis 

Diagnosis is usually based on the history :lnd clin
ical signs. Since most cases of il i:!c thrombosis arc 
associated with cardiomyop;uhy cchocardiogra
phy should be performed as soon as the cat is 51:1-

bilizl-d. Non-selective angiocardiography may be 
helpful to determine the e ~.:tem of the thrombosis 
and also the int'egrity of the coll :a teral blood 
supply. Acute muscle d:am:age results in incrl:ased 
plasma concentrations of asp;!rlale ;tminotrans
ferase (AST) and creatine kin:l.5e (CK). Urea and 
crc;ttinine concentrations may illcrl:ul: after 
emboliz:ation of:a renal artery. 

Since the clinical signs of iliac thrombosis rcscm
bll: th~ of lower mOlor nC'Urone p;tralysis, spin;t) 
cord lesions, for example, :acute spin;!1 cord trauma, 
intervertebral disc protrusion (rat( in thecat)or h;!em
orrhage, md intravcncbral tunlOurs (lymphosar
coma) should be considered a.s differential di;!gnoscs. 
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T,,'tment 
TreJtment should be directed :U :llIevi,ning signs 
:associated with the thrombus;15 well :IS the under
lying cardiac disorder responsible for its forma
tion. Aspirin (25 mg kg-I body weight per os 
every 72 h) should be given to inhibit platelet 
func tion. One study showed that the admin istn.
tion of aspi rin resulted in signi ficant preservnion 
of collateral blood supply in CJts after experimen
tal induction of iliac thrombosis :tnd a shortening 
of the reco\'ery period (Schaub rt al., 1982). 
However, there is evidence to suggest that :aspirin 
is not dfcclive in preventing funhtr embolic 
episodes (Pion and Kittleson, 1989). The usc of 
acepromazine (0.2--oA mg kg-' bodyweight sub· 
cUI:tnl'()Usly three times daily) has been advoc:tted 
fo r its v.lSodi lator propenies. Htparin may bt 
givtn 10 prevent further :tctivation of the co:!.gu l:t
tion process (an initial intr:l.\'enous dose of 1000 
USP followed 3 h later by 50 USP unitS kg-I body 
weight subcunlnoously and thereafter 50 USP 
units kg-I bodyweight ('Yery 6-8 h). Regul;l:r daily 
monitoring of activated p;l:nial thrombopl:astin 
time CAP I I ) is advised so Ihal the AP'IT is not 
prolonged by more than 1.5-2.0 times the prehep
arin bueline \,.dues (Pion :tnd Kinleson, 1989). 
Morphine (0.1 Illg kg-I bodyweiglll) c:an be given 
as an analgesic for the fi rst 24-18 h (Flanders. 
1986). 

The usc of the serotonin antagon ist, cyprohep· 
tadine, :and thrombolytic :agenlS such :!.s strepto
kin;15e. urokinase and tissue plasminogen 
activator (t-PA) have yttto be full)' enlu:tted and 
to d:ue the results have been cqui\'oc;l: l. 

Prognosis 

The prognosis is Jt beSt guarded. Many animals 
fail to respond to medical management or 
succumb to the underlying cardiomyopathy. 
Recurrence is common. Sponroncous rec:tnaliza
lion of the clot mly occur with or without drug 
ther:l.py after 2-4 days. Many cats arc left with 
signs of residual peripheral nerve damage. Full 
recovery may take up to +-6 weeks. 

I SECONDARY MYOCARDIAL DISEASE 
IN THE CAT 

• Inl8cllv8 myocardilis 

Myocarditis is rare in the c:tt and diagnosis, as 
in the dog. is tlCtrtmely difficult . A tenllt i \'~ 

diagnosis of myocarditis may be based on the 
history and clinical signs but confirmation in 
many. C3~~S is possible only after post-mortem 
examll1auon. 

TOJoplasmosis 
Infection with Toxoplasma gondii rna)' cause 
myoclrditis in immunosuppressed cats, for 
eumple in associ:!.tion with fel ine leuk:temia \,jrus 
infC'Ction, however infection is often :asympto
m;l:tic and may only be disco\'ered:as an incidental 
finding during posl· mortem ~xamination (Dubey 
and Carpenter, 1993). 

Bacterial myoc:ardiU, 
8acteri;l:I myocarditis occurs occ;15ion;tlly in cats 
;15 a sequel to bacterial endocarditis involving the 
mitral \'alve (Hupster, 1986). Th~ early signs of 
lIlyocarditis lre often non-specific and may go 
unrecognized. Myoc;l:rditis should be considered 
;tS a differenli:!.1 diagnosis if fe"er and Olher signs 
of systtmie disease arc :tccompanicd by :!.n 
arrhythmi:t. A neutrophilic leucocytosis with a 
left ~ hift. may be c\'idem 011 haematologinl 
examln:atlon. 

• Cardlomyopalhy due to thyroloxlcosls 

H ypenhyroidism in the cat is usually the result of 
benign function;tl adenomas (oce:l.$ionally adeno
e3rcinomas). One or both thyroid glands may be 
involved and the condition typically occurs in cats 
older than 10 yeus of age. The increased Icvc!s of 
circulating thyroxine (T4) and tri iodothyronine 
(f3) have a direct stimulary effect on the sinoatrial 
node. In ;tddition concurrent symp;tthetic Stimu
lation results in increased catecholamine rele:ase 
which increases cardiac workload. This leads to 
myocardi;tl hypertrophy lnd hypercont ractility. 
A high OUtput State ensues umil ultimalely the 
heart dccompcnutes and signs of congestive hean 
failure develop. The cardiac manifestations of 
hyperthyroidism include t:achycardia (heart ratcs 
in excess of 200 bcau per minute arc common), a 
prominent apex beat, gallop rhythm and systolic 
murmur. Electrocardiographic, radiographic and 
echocardiographic findings ;tte similar to those 
:associated with h)'pcn roph ic cardiomyopathy. 
The non-cardi:!.c signs of hyperthyroidislll include 
weight los$, polyphagia, polydipsia :tnd polyuria, 
hyperactivity, vomiting, diarrhoea and increased 
faecal volume. 'nle diagnosis and mallagement of 
feline hypenhyroidism is discussed more full y in 
C hlpler 39. 
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• Cardiac neoplasia 

Primary heart tumours arc nrc in the cat and 
tumours such u lymphoma and hacm:mgio
sarcoma which infiltr.nc the myocardium usually 
represent sKond:uy mctastu~ (filley ~t al., 
1981) . 

• Toxins 

The cardiotoxic cff«u of doxorubicin arc simi
lar to those reported in the dog ahhough it 
appears th;ll cats un IOlente higher cumul:uivC' 
doses of the drug compared to dogs (Mauldin 
ct a[., 1992). 

I CONGENITAL PERICARDIAL DISEASE 

I Congenital peritoneopericardial 
dlaphragmallc hernia 

Congenit:!.1 pC'ritoneopcricardial diaphn.gm;l.Iic 
hernia (CPDH) is a completC' or partial absence of 
the pc'ricardial membrane which :lllows protru
sion of liver, bowel andlor omentum into the 
pericardial $:le. A Sffi;l,ll herni;a ffiilY be asympto
matic. Large hernias may result in reduced cardiac 
output but rarely C2US(! congestive hC;l.rt failure or 
cardiac tamponade. Occasionally the contents 
become strangulated resulting in signs of 
gastrointestinal obstruction. A high incidence of 
C PDH has been rcpon ed in weimaraners (Evans 
and Biery, 1980). 

DI,gnos/s 

Gastrointestinal sou nds m:l.y be :l.uscu!t:l.ted O\'er 
the hean. Thoracic ndiographs m3y show gener
:aJizcd c:ardiomegaly with different densities 
superimposed over the cardi:l.c silhouette (Fig. 
34.19). An upper gastrointestinal cont.r:l.st study 
may help to confirm thc presence of loops of 
intestine in the perieardi:l.l sac. Alternatively, 
cc.hocardiography can be used to obtain a defini
rive di:agnosis. The differential di:l.gnosis for peri
toncopcriurdi:al diaphragmatic herni:l. ineludes 
other causes of C2rdiomegaly in :a young dog, for 
example other congenital cardiac defects, rarely 
dil:ated cardiomyopathy, benign (idiopathic) 
pcriurdi:al effusion and possibly diaphngmatic 
hernia. 
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Figure 34 .19 lateral thoracic radiograph 01 a 3·month· 
old Rhodesian ridgeback with a congenital periloneoperi· 
cardlal diaphragmatic hernia. Tubular gas shadows are 
superimposed on a large cardiac silhouette and there Is 
merging 01 the caudal border 01 the heart and ventral 
border 01 the diaphragm. The colon Is displaced cranially 
towards the diaphragm. 

I ACQUIRED PERICARDIAL DISEASE 

• Perlcardlal elfuslon 

A build up of fluid in the pcricardialsac results in 
compression of the hean :l.nd progreuive diastolic 
dysfunction. A large volume of pcriurdial fluid 
reduces ventricul:ar compliance and therefore 
limits diastolic filling. Central "enous pressure 
increases and stroke volume :and cardiac outpUt 
decrease. This sequence of events is commonly 
known :as urdiac tampon:ade. TIle major causes of 
different rypes of peric:l.rdi31 effusion in the dog 
3nd cal are summari7.ed in Table 34.6. 

Disorders cluslng plr/cardlll Illusion In the dog 

Benign Idiopathic plrlcardllllHullon 
Benign pericardial effusion is ty pically a disease of 
young to middle aged large or gi:mt breed dogs. 
The aetiology is unknown. Saint Bernards, golden 
retrievers :and gre3t Danes are most commonly 
affected. Pericardiocentesis usually yields a dark, 
haemorrhagic. pon wine-coloured effusion which 
fails to clot (G ibbs rt al., 1982; Berg rr al., t984). 

C. nUac and I ntraPlrl~rdlll nlopllIl. 
Cardiac ncoplasi:l. is often associated with peri
cardial effusion in oldcr dogs. r rim3fY cardiac 



300 I DISEASES OF THE CARDIOVASCULAR SYSTEM 

Table 34.6 Classification and causes 01 pericardial effusion in the dog and cat 

Transudate Congestive hean failure 
~poalbumlnaemla 

Exudate 
Pelltoneoperlcardlal diaphragmatIC hernia 
Septic: bacterial or fungal infettions 
Sterile: feline lnleclious peritonitiS, toxoplasmosis, occasionally seen with cal'line distemper, 
leptospllOsls. felioe pal'lleucopeoia al'ld uraemia 

Haemorrhage Idlopalhic (most rommol'll 
Coagulopathies 
cardiac rupture (e 9 rupture of the right atrial appendage With tlaemaolliosarcoma) 
Trauma 
Haemangiosarroma (especially German shepherds), metastatIC lymphosarcoma. tlean base 
tumours (especially boxers). perlcardlal mesothelioma (Jare) 

tumours arc more common in the dog than they 
arc in the cat (filley et al., 198 1). Th{' German 
shephcrd is pred isposed to right at rial haeman 
giosarcoma although the tumour may also occur 
in other breeds. This tumour is extremely malig
nant and pul mo nary m{'tastases arc com mon. 
Occasionally rupture of the right auricular 
appendage occurs resulting in acute haemorrhage 
into the pericardial 53C. H eart base tumours 
(chemodectomas) have a predilection in 
brachycephalic breeds such as the boxer. 
Chcmtxiectomas tend to be locally invasive and 
rarely metast.lsiz,e; they may exist concurrently 
with testicular tumours in some brachycephalic 
animals (Patnaik l't al .• 1975). Lymphosarcoma 
occasionally metastasizes to the heart and resul ts 
in perieardial effusion. Primary pericardial 
mesothelioma is an extremely rare malignancy of 
the pericardial sac. 

Right-sided congestive heart fal1urI 
A variable volu llle of pericardial fluid (modified 
transudate) may bc prcsent in some dogs with 
dilated cardiomyopathy especially those which 
have pleural effusion and other signs of right
sided failure. Therapeutic drainage of the peri
eardial effusion is rarely necessary. 

Pericanlitls and paricardlailibrosis (constrlcllve peri
carditis) 
Pcricarditis is rare in both dogs and cats. Infection 
within the pericardial sac results in the develop
ment of fibrous adhesions between the epi 
cardium and pericardium which further impair 
diastolic fu nction. Penetration of the pericardial 
sac by a fore ign body (for example gunshot pellet) 
may result in septic pericarditis (fhomas el al., 
1984b). Sterile inflammatory effusions have been 
associated with canine distemper, leptospirosis 
and chronic uraemia. 

Inlraparicanlial cysts 
Pericardial cysts have been rcponed in young 
dogs and are rare causes of pericardial effusion 
(Sisson e1 aI., 1993). Pcricardial granulomas may 
be associatoo with Actinom)'ces infcction. 

Disorders causing per/cardlal effusion In the cat 

In cats with hypertrophic cardiomyopathy 
pleural effusion and asci tcs is frequently accom
panied by pericardial effusion (Rush er al., 1990). 
Sterile pericardial effusions may occur with 
systemic infections such as feline infectious 
peritonitis, toxoplasmosis and occasionally fel ine 
panlcucopenia. Other Icss frequcnt causcs include 
coagulopathics and end-stage rcnal failu re. Cats 
with end-stage renal failure and pericardial effu
sion often have evidence of left ventricular hyper
trophy. probably due to systemic hypertension 
(Rush el al., 1990). The most common tumour 
associaloo with pericardial disease is disseminaled 
lymphosarcoma. Idiopalhic pcricardial cffusions 
have not been documented. 

Clinical signs 01 par/card/al effusion 

Pericardial cffusion causes signs of low OUtpUt 
fa ilure which may progress to cardiogcnic shock 
(weakness. lethargy, exercise intolcrance and syn
cope). Signs of right-sided congcstive hcart failu re 
tcnd to predominate with cardiac tamponade 
be<:ause the right ventricular wall, being thinner 
than the lcft, is more susceptiblc to the compres
sive effects of the perieardial fluid. Ascites may 
develop rapidly, oftcn within 48 h. The hean 
sounds arc muffled and the femoral pulses weak. 
Occasionally a rapid fall in pulse pressure may be 
noted during inspiration (pulsus paradoxicus). 

In addition, signs of s),stcmic disease (feYcr, 
anorexia and depression) may be apparent with 
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infectious causes o f pericardial effusion. Infection 
results in the formation of fibrous adhesions and a 
morc gradual limitation in diastolic filling. The 
pericardial sac becomes thickened and the volume 
of pericard ial fluid which forms is usually much 
smaller than with benign idiopathic effusions. 
Affected animals therefore tend to show signs of 
mild chronic cardiac umponade and signs of 
right-sided failure may be more apparent than 
signs o f low output failure. Friction-type mur
murs are rare except during the early stages of 
pericarditis. 

Electrocanflography 
Classically, pericardial effusion causes a reduction 
in R wave amplitude (oft en less than I my) and 
electrical alternans (Table 34.3). However, it 
sho uld be noted that these ECG abnormalities 
occur infrequently and that some giant breed 
dogs, without any evidence of pericardial disease. 
may also have low ampl itude complexes. 
Neoplastic infihration of the myocardium may 
result in arrhythmias or conductio n disrurbances 
(Cobb and Brownlie, 1992). 

Rldlogrlphlc findings 
Pericardial cffusion resultS in generalized 
cardiomegaly and a loss of the normal contours 
of the cardiac chambers (Fig. 34.20). The heart 
assumes a globular appearance with a sharp OUt-

• 
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line, although not infrequently pleural and/or 
mediaStinal fluid may obscure the cardiac 
silhoueue. Addilional signs o f right-sided failure 
(hepatomegaly and asci tes) may be evident on 
abdominal radiographs. 

Pneumoperleanflography 
Pneumopericardiography is a useful technique for 
detecting the presence of intrapericardial maSSeS, 
although its use as a diagnostic aid has now been 
superseded by echocardiography. To obtain reli 
able results the pericardi:tl effusion sho uld be 
completely drained and a volume of room air o r 
COl equivalent 10 between 50% and 75% of the 
volume of fluid aspirated injected by syringe. 
Radiographs :ue o btained immed iately using 
multiple projections to highlight different areas of 
the heart (Thomas tl al., 1984c). 

Eehoeardiography 
Two-dimensional echocardiography is the most 
sensiti\'e and speci fi c method for detecting peri
cardial fluid, which appears as an echolucent space 
between the epicardium and pericardium. The 
technique is also useful fo r confirming the pres
ence of pericardial mass lesions/ adhesions and 
assessing the volume o f pericardial fluid (Pig. 
34.21 ). The heart should be examined from 
multipl e transduccr locations. Serial echocardio
graphic assessments may be helpful especially for 

b 

Figure 34.20 Lateral (a) and dorsoventral (b) thoracic radiographs of a 7-year-old golden retriever with pericardial 
effusion. The heart has a globular appearance. The outline to the cardiac silhouette is sharp and there is no enlarge
ment of any specific card iac chamber. 
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Filiure 34.21 2-D left parasternal echocardiogram Irom the same dog as in Fig. 34 .20. (a) Shows massive pericardial 
effusion with collapse 01 the right ventricle; (b) taken post-drainage shows improved diastolic function and a mass 
lesion in the right alrium (arrows). Subsequent post-mortem examination confirmed righl atrial haemangiosarcoma. 

detecting diffuse tumours such as mesotheliomas 
(Cobb l nd Brownlie, 1992). 

Perlcardlocenlesls 

Pericardiocellfesis is oft en performed on the right 
side to minimize the risk of punctu ring the lungs 
lnd the large coronary arteries. In the authors' 
experience. however, the procedure may l lso be 
perfo rmed safel y on the left side. An 8 em long 
16 gauge over-the-needle intravenous catheter 
ensures the perieardial sac is adequately pene
trated for maximal drainage of fluid . The sill.' of 
entry is usually between the fourth and siluh ribs 
at a point approximately one quarter the way up 
the chest wall fro m the sternum . Havi ng pene
trated the pl'rieardium, the fluid is remo \·ed using 
a 50 m1 syringe with a three-way valve atuchcd to 
the c:nheter. The \'olume o f fluid varies; volumes 
in excess of one litre arc frequen tly aspi rated from 
large dogs with the idiopathic effusions whereas 
the volumc of fluid in a cat is usually less than 
50 mi. 

Clinicopathological findings 

Pl'ricardial fluid should be submincd for cytolog
ical, biochemical and bacteriological examination. 
Cytological examination of pericardial flu id 
rarely d ifferentiates neoplastic from non-neoplas
tic effusions llthough it may help to rule out 
infection (Sisson t't al. , 1984; Cobb and Bro wnlie, 
1991). Idio pathic effusions are typically dark, port 
wine-coloured effusions; they do nOi clot and are 
sterile. They comain abundam red blood cells and 

clusters of reacti \'e mesothelial cells which, 
because of the degree of blastic transformatio n, 
arc difficult to differemiate from neoplastic cells. 
O ccasionally increased numbers o f plasma cells 
and lymphocytes may be seen. The protein con
tem is extremely variable ranging from 9 to 57 g I-I 
(Sisson et ill. , 1984). 

Neoplastic effusions and those resul ting fro m 
acute haemorrhage (for example due to a coagu
lopathy o r a ruptured right atrium) often ha\'e 
a si milar appcar:l.I1ce although the presence o f 
platelets and macrophages demonstrat ing ery
throphagocytosis may provide a clue that the 
h:'lemorrhage is mo re recent. Centrifugatio n of the 
effusion and examination of a buffy coat prepara· 
tion has been advocated as a method to improve 
the r:ue o f detection o f mali gnam cells. 
Chemodectomas may yield an effusion which 
more closel y resembles a modified transudate. 

True inflammatory exudates arc characterized 
by the presence of increased numbers o f nucleated 
cells and a much higher protein comem. They 
may be classified as septic o r sterile (sec Table 
34.6). Haematology may show a neutrophil ic 
leucocytosis. 

Managsmtlnl 01 pericardial eflusiDn 

Pericardiocemesis should be performed to 
remove as much of the pericardial effusion as 
possible. After pericardiocentesis signs of right
sided failure (ascites and plcural effusion) usuall y 
resolve within 48 hours and during this period 
there is often a dramatic reduction in the animal's 
bod y weight. Partial or complete pericardectomy 



should be considered :tS an a lu~matiye 10 rcpe;ued 
pericardiocemesis espedally if there is rapid 
recurrence of the effusion. Surgical intcrvention 
not only expedites drainagc of the fluid but 
permits biopsy of the pericardi:ll sac or :lny orhcr 
mass lesion which may be present. Antibiotics 
should be administered if the effusion is :l septic 
exudate. The usc of corticostero ids is more 
controversial :lnd is bued on the possibi lity th:lt 
idiopathic pericardi:ll effusions may have an 
immune-mediated pathogenesis. The prognosis 
for most cases of intrapericardial neoplasia is 

POO" 

• Cor pulmonale 

Cor pulmonale is the term used to describe the 
alterations in the structure o r fu nction of the 
right ventricle which m:lY be induced by 
pulmonary hypertension secondary to primary 
lung disease. 

Pathophysiology 01 cor pulmona/. 

Cor pulmonale may be acute or chronic. Alveolar 
hypoxia and hypoxaemia, respiratory acidosis and 
hypercapnoea combine to increase pulmonary 
vascular resistance. Pulmo nary hypertension 
resul ts in acute o r chronic right ventricular pres
sure overload, right vemricul:lr hypenrophy ;md 
eventually signs of right-sided failure. 

Acute cor pulmonale a used by pulmonary 
thromboembolism or heartWorm dise;lSC is often fatal 
and in most cases may not be diagnosed. Pulmonary 
thromboembolism can occur as a compliation of 
chronic renal disease (especially glomerulo
nephropathy), hyperadrenoconicism, immunc
mediated haemolytic anaemia and pancTCatitis. 

Chronic cor pulmonale may occur as a sequel 
to chronic obstructive pulmonary discase. It 
has bcen associated with chronic bronchitis, 
bronchiectasis. pulmonary fibrosis, infiltrative 
lung dise;!.Se (for example neoplasia), chronic par
cial uppcr airway obstruction due to collapsing 
trachea, laryngeal paralysis or elongation of tile 
soft palate, and heartworm disease. 

Clinical signs of cor pulmonale 

Animals with acute cor pulmonale due to pul 
monary thrombosis present with severe dysp
noea and are often cyanotic. Thc mortality rate 
is high. The clinical signs of chro nic cor pul
monale depend on the natUre :and severity of 
the underlying respiratOry disorder. A chronic 
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cough andior wheezing is common in dogs with 
chronic bronchitis, bro nchiectasis and collapsing 
trlchea; dogs with chronic partial upper airway 
obstruction due to an elongated soft palate or 
laryngeal dysfunction may become progres
sively dyspnoeic with signs of inspiratory stri
dor/ stertor. Failure to treat the underlying 
problem m;ay lead to signs of right-sided COIl

gestive heart failure . 

EI.clrocardlog"phy 

Pulmonary hypertension and resultant right 
vcntricular hypcrtrophy may result in tall P wa\'es 
(right atrial enlargement) and deep Q or S wayes 
in leads I, II. 1Il and aVF (right ventricular 
enlargement). The mean electrical axis rna)' shift 
to the right and myocardial hypoxia may rcsult in 
ST segment depressio n. 

Radiographic findings 

Acute pulmonary thromboembolism results in 
pulmonary hypoperfusion and lobar hyper
lucency. Pulmon"ry yessels may appear trun
cated especially towards the periphery. A 
minimal amount of pleural fluid may be pre
sent. Right ventricular enlargement is a feature 
of chronic cor pulmonale and many animals will 
show concurrent radiographic changes consis
tent with chronic lung disease, for example a 
diffuse bronchial and/or interstitial pattern o r 
bronchiectasis. 

Clinicopathological findings 

Blood gas analysis 
H ypoxia (Pa0 1 <80 mm H g). hypercapnoca 
(PaCO! >40 mm H g) and 3cidosis (pH <7.4) refl ect 
the severity of the underlying pulmonary patho l
ogy (Splulding and Owens. 1985). C hronic 
hypoxia occasionally results in secondary poly
cythacmia. Animals with acute pulmonary 
thro mboembo lism may becomc thrombocyto
penic and show other laboratory evidence of dis
seminated intravascular coagulation (sec Chapters 
21 and 45). Pulmo nary hypertension and rigilt 
ventricular pressure overload result in an increase 
in central venous pressure. 

In addition to the above, diagnostic investiga
tions such as bro nchoscopy and tracheal o r bron
cho:alveolar lavagc should bc performed where 
appropriate 10 establish the nature of the under~ 
lying respi ratory disorder responsible for the 
cardiac changes. 

Avtorsko zas~ eno gradivo 
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Treatment 

T re:ltmem o f the underlying pulmonary condi
lion should be instituted as quickly as possible. 
Acutc pulmonary thromboembolism should be 
Irealed wilh c:lge reSl, oxygen and antithrombotic 
d rugs such as heparin and aspirin. The prognosis 
is generally poor if signs of right-sided heart 
failure arc prcscm. 

• Dirotilarlasis 
Canine heartworm disease caused by Dirofilaria 
immiris is endemic in most temperate and tropical 
coastal zones of the world (United States, Japan 
and Austral ia espccially). J-I eanworm disease is 
occasio nally diagnosed in impo rted dogs in the 
United Kingdom (fhomas, 1985; Malic and 
Herrtage, 1987). Affected animals are often 
between 4 and 7 years of age although the condi
lion has been diagnosed in animals less Ihan one 
year of age. 

Life cycle ofDlroliiarla Immitis 

When a mosqui to bites an infected dog circu lating 
microfilaria (fi rsl siage larvae) arc ingested and 
develop into third stage (U ) larvae which migrate 
to the mouth pam of the mosquito. The third 
larval stage of the heartworm (Dirofilaria immitis) 
stage enters the subcutaneous tissues of the host 
vi:t:t bile from an inf«ted mosqu ito. Young adult 
worms (L5 stage) reach the right side of the hean 
by 90-100 days postinfection. There is a prepatem 
time of approximately 6 mo nths before micro
fi laria appear in the circulation. Occult infections 
occur where there is an absence of ci rcu lating 
microfilaria (Rawlings et al., 1982). 

Pathophysiology of heartworm disease 

Adu lt worms live most commonly in the right 
ventricle. main pulmonary artery and parenchy
mal pulmonary :tTteries. As the number of heart
worms increases they enter the right atrium and 
eventuall y migrate imo the c:tudal vena cava. 
Large numbers of worms may obstruct the caudal 
vena cava and flow o f blood to the right atrium 
(vena caval syndrome). 

Adult worms initiate a parasite-host reaction 
which damages the pulmonary anery endOlhe
lium. Histologicall y this re:tction is characterized 
by the proliferation of smooth muscle cells o n the 
endothelial surface of the vessels. C irculating ami 
bodies lrap the microfilaria within the pulmonary 

arteries which results in pulmonary infarction and 
areas of consolidation around the affected vessels. 
Alveolar hypoxia increases pulmonary vascular 
resistance and leads to pulmonary hypertension. 
Pulmonary hypertension resul ts in incre:lSed right 
ventricular afterload, right ventricular hyper
tro phy and evemually signs of right-sided hean 
failure (cor pulmonale). 

Clinical signs 

The clinical signs of heartworm disease, once 
apparent, are usually severe and progress rapidly. 
Damage to the pulmonary arteries resul ts in 
coughing, haemoptysis, dyspnoea and decreased 
exercise tolerance. There is a rapid loss o f body 
condition and pulmonary hypertension leads to 
right-sided heart failure. T ricuspid \'alve murmurs 
may be heard d ue to mechanical interference with 
\'alvular functio n by the adult worms (Hoskins 
et al., 1984). 

Some infected dogs show few if any elinical 
signs. Those with occult heartworm disease 
develop an allergic pneumonit is ch:tracterized by 
severe coughi ng and dyspnoea. Two conditions 
which may ha\'e an immune- mediated pathogene
sis, eosinophilic granulomatosis :tnd pulmonary 
infil trates with eosino philia (eosinophilic pneu
monia), may also occur in :lSsociation with heart
worm disease (Calvert and Rawlings, 1988). 
Severe pulmonary artery d isease may result in 
thromboembolic complications and thrombo
cytopenia especially after adu lticide therapy. 

H aemolysis and haemoglobinuria may occur 
when a large number of worms obstruct the cau
dal vena cav:t and result in fr:tg mentation of red 
cells. Dogs with the caval syndro me become 
severely dyspnoeic and show signs of acute 
hypotcnsion (tachycardia, pale mucous mem
branes and prolonged capillary refill time). 

Electrocardiography 

Electrocardiographic signs of right ventricular 
enlargement may be evidcnt especially in dogs 
showing signs of right-sided heart failure. 

Radlagraphlc findIngs 

Radiographic changes develop early during the 
course of he:tTtworm infection. Typical abnor
malities include right ventricul:tr enlargement 
and a bulging pulmonary artery segemem with 
enl:trged lobar pulmonary arteries (Fig. 34.22). As 
the d isease progresses the peripheral pulmonary 
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Figure 34.22 lateral (a) and dorsoventral (b) thoracic radiog raphs of a 4-year-old labrador with dirofilariasis. The 
lateral view shows moderate right-sided cardiac enlargement and dilation of the cranial lobe pulmonary arteries (large 
arrow) which appear truncated and pruned towards the periphery (small arrow). An alveolar lung pattern can be seen 
in the caudal lung fields with a predominantly interstitial pattern elsewhere. A pleural line can be seen ovef the caudal 
border of the heart The dorsoventral view shows an enlarged main pulmonary artery segment (arrowed) in addition 
to the features noted on the lateral radiograph. Fine fissures due to a small amount of pleurailluid can be seen between 
the lung lobes on both sides ollhe chest. 

aneries become truncated and tortuous especially 
in the caudal lung lobes. Patchy alvcolar densities 
may be apparent especially aft er adu1cieide 
therapy. 

Clinicop."'ololliClI UndlnllS 

Eosinophilia often accompanied by basophilia 
are the most consistent haematological abnor
malities, occurring once the young adult worms 
entcr the circulation. A mild regener3liYe 
anaemia may be present and neutrophilia may 
occur following adulticide treatment. Platelet 
numbers arc o ften reduced as a result of 
increased consumption in response to endo
thelial damage. Liver enz.ymes may be increased 
esp«ially if signs of right-sided cardiac failure 
arc present; t01:11 plasma proteins may also be 
increased due to an increase in the globul in 
fraction. Pro teinuria occurs in 2~.lO% of cases; 
some animals deyelop a glomerulonephropathy 
and nephrotic syndrome, and become hypo
albuminaemic (Calycrt and Rawlings, 1988). 

DI·IIROSls 

The presence of microfilaria on a peripheral 
b lood film implies the presence of adult 
worms. Dirofilaria immitis microfil aria should 

be differentiated from those of Dipetalonema 
rcco"ditlfm and other Dipctalorlcma species 
which cause 3Symptomatic infections in dogs. 
This can be donc by examin ing the acid phos
phatase staini ng pattern of filter -treated micro
fi lariae (Acevedo et al., 198 1; O rtega-Mora 
et al .• 1989). The blood of you ng dogs from 
endemic areas should be screened annually for 
the prcsence of microfilaria using a Knott's 
test. With occu lt infections, no eircul3ling 
microfilaria are present and diagnosis is 
dependent on the detection of appropri ate 
radiographic abnormalities and the results of 
other serodiagnostic test.!. 

An indirect fluorescent antibody test detect
ing antibodies to microfi larial antigens is useful 
in the d iagnosis of occult heartworm disease. 
An ELISA test fo r detecting antibodies ag3inst 
3dult worms has proved to be less satisfactory 
beC:luse of the high incidence of f31 se positive 
results, although a negative ELISA result C3n be 
regarded as rel iable evidence that occult heart
worm dise;tse is not present. More recendy, 
ELISA tests using monoclonal ;tntibodies 
against circulating adult antigens have been 
developed which appear to be morc sensitive 
and specific than tests which detect adult anti
bodies (C;tlven and Rawlings. 1988). 

b 
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Tre'tment 
Adullielde therapy 
Thiaccurs;amidc (2.2 mg kg-I body weight intr.l
venously twice daily for two days) eliminates a 
high pcrCCnI.lgc of the adult ht'anworms (young 
female heartworms arc of len resistant). The 
s«ond dose should be gh'en not more than 
10 hours after the first (Henry :md Dillon, 1994). 
Trc:umcnt wilh thiacC'larsamidc should be 
delayed in dogs wilh rad iogr.tphic signs of ~Ycrc 
pulmo nary artery d isC;lSC since such animals aTC' at 
risk from dc\·c1oping thromboembolic compliu
tions and thrombocytopenia pOSl-lrcalmcnt. 
Toxic reactions to thi3ccurumidc ocC2sionJl1y 
occur, these include anorexia, vomiting, depres
sion, feyer, diarrhoea and the presence of tubular 
casts in the urine. Adulticidc Irc.nmCnI is usuall y 
followed 4-6 weeks later by the administra tion of 
a miero filaricide (sec below). The benefits of giv
ing a microfilaricide three weeks bdore [realmen! 
with thi;acct:ln;amide arc question;able. 

Levamisole has lx-en used as ;an alternative 
adulticide drug but is less effect;ve th;l.n thiacet
arsamide. It is mo re effective u:a microfil;l.ricid:al 
drug but [Oxic side effects (vomicing :lnd CNS 
signs) ;are common. 

The prophylactic usc of aspirin to combat the 
potential thromboembolic complications hu 
bttn questioned. Recent stud ies have shown that 
even doses of upirin greater than 50 mg kg-I in 
some dogs will not prevent thromboembolism or 
intimal hypcrpl;uia associ.lIed with heartwonn 
emboli (Boudre;l.ux ct al., 199 1). 

Corticosteroids ;are indiated if there is evi
dcncc of an cosinophilic pulmonary infi hrate. 
H eparin h;u been recommended for dogs show
ing signs of chronic or low-grade disseminated 
intra\'ascular coagulation (DIC ). 

Mlcrofllatlcldelreatment 
Le\·amisole. milbemycin and ivermectin otre ;wail
able for use as mierofi l:l ricidcs (the last two C.ln 
also be used prophylacticall y). The Americ:ln 
He3flworm Society currently recommends that 
either ivermcclin (50 pg kif l) or milbemycin 
(500 ..-g kg-I) be given H weeks after trenmenr 
with adulticide (Soli. 1992). Treatment of dogs 
with large numbers of microfil;l.ria may lead to 
circul;l.tory collapse due to rapid death of the 
microfilaria. Dogs should therefore be observed 
for 6-8 h ;l.fter tre.urnent. The usc of i\'crmcctin 
and milbcmycin in collies and collie cross breeds 
has bttn usoci;l. ted with anaphyl;l.ctic re;lclions 
and. in some cases, de;ath; ;J.)though both the 
microfilaricidal and the pre\'entati\'e doses of 

these drugs arc reportedly sde in susceptible 
coilies o ther drugs, for example IC\',J,misole 
(10 mg kg-I day-I for 7 days) have been recom
mended fo r this brct:d (Dillon, 1989). 

Prevention of heartworm dlsBBse 

C hemoprophyl;l.xis should be initiated 2-3 weeks 
af1er ;administration of a microfi lancide providing 
no microfilariae arc detccted in tile blood; if 
microfilari;lc ;lrc s till present microfilaricidal 
treatrncflI should be repeated (Soli, 1992). In 
endemic areas, cithcr i\'ermeCiin (6-12 ~g kg-I) or 
milbemycin (500-999 ~g kg-I) can be adminis
tered once :l month. Young pups can be treated 
prophylactically from 6-8 weeks of age onwards. 
Although both drugs can bc safely given to dogs 
which may already ha\'c circulating rnic ro fila riae. 
thcy only ki ll D. i"'mitis larvae during the first six 
wceks of thcir devclopmelll. Bot h drugs arc :1lso 
known to induce sterility in ;l.du h worms tllere
fore dogs greater than 6 months of age on 
monthly prevent;ltive treatment should be tcsted 
for ;l.ntigen 10 detect occult infections which m;l.Y 
dcvdop within 6 months of stan ing monthly 
macrolide administration (Henry and Dillon, 
1994). 

• Angloslrongylos ls 

AlIgiOJtTOrlV'/Uf varorum is a meustrongyloid 
parasite of dogs and foxes which primarily p:1ra
si tizcs the pulmonary ancry ;lnd its branches; it 
may also inhabit the right ventricle. N:1tural 
A. valorum infection has been reported in a 
number of Europcan countrics including Irdand, 
Denm;ark, sou thwest Francc, Spain, haly ;l.nd 
parts o f the UK. In the UK the majority o f 
reported C:1SCS havl' been confined 10 southwest 
England and south Wales (M;l.rtin :lnd Neal, 1992; 
P'aucson ('I til., 1993). T he parasite was first 
encountered in the UK in raci ng greyhounds 
imported from Ireland Uacobs and Pro le, 1975). 

We Cycl6 of Anglstrongylus vasorum 

Adult worms lay eggs in the lenninal pul
monary :lrterics a.fter a pre-p;l.tenl period of 
38-60 da.ys. The firsl stage larvae hatch into the 
al\'eoli. pus up the bronchial tree and arc swal
lowed and shed in the faeces. Several species of 
slugs ;l.nd snai ls act ;as intermediate hosts. 
Transmission of tile infecci\'e L3 larvae is 
thought to occu r if the snails arc ingested or if 

r ad vo 



the dog's food becomes contaminated with 
fa«es or slime. When ingest~ the third stage 
larvae migrate via the mesenteric lymph nodes 
and portal system to the liver before passing 10 

the right ventricle and pulmonary arteries. 

ellnlCllslgns 
Clinical signs include t:tchypnoca. coughing. 
haemoptysis. anaemia and haematoma formation. 
Some dogs with natural or experimental infec
tions either have no clinic:tl signs rcferr:l.ble to the 
disease or show only mild exercise intoler:l.nce; 
others may develop signs of acute right-sided 
heart failure and die within a few days of the onset 
of dinical signs (Patteson et al., 19(3). 

R,dIOl"phlc findIngs 

A diffuse interstitial/ bronchial pattern with 
patchy coalescing alveolar densities especially in 
the caudal lung lobes m:ly be visible. The \auer are 
thought to represent focal are:ts of pneumonitis 
:lnd h:temorrh:tge. The right atrium and right ,'en
tride m:ly b«ome enlarged and the pulmonary 
arteries m:ty appear truncated . O ccasionally there 
is evidence of pulmonary emphysema or pneumo
thorax. 

Cllnlcop.,hDIDllcal findings 

Identification of A. 'lJasorum larvae in faec:tl s:tm
pies is the best method of diagnosing patent infec
tions. Occult infections occur and the absence of 
faecal larvae docs not preclude A. tlasorum infec
tion, since adult worms shed eggs intermittently. 
Haem:ttological findings arc inconsistent; an 
cosinophilia associated with iarv:tl migration m:ty 
be present :lnd some cases m:ly be an:lemic. Serum 
protein electrophoresis may reveal beta 2 and/or 
gamma globulin pe:tks (Patteson et al., 1993). 
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The incre:lsed bleeding tendency has been 
attributed to a consumptive coagulopathy resem
bling chronic compensated di sseminated intr.l
\'ascular coagulation which results in low platelet 
numbers and prolongation of the activated partial 
thromboplastin time (Ramsey et al., 1996). 
Decreased factor V concentrations h:t\'e been 
reported in experimental infections (Schelling et 
al., 1986). 

Treatment 
A. vasorum inf~clions have been treated effectivel y 
with fenbendazole (20 mg kg-I once daily for 10 
d:tys), lcvamisole (10 mg kg-I daily for three days) 
and i\'ermectin (200 pg kg-I given subcutaneously 
as a single dose) (Patleson et "I. , 1993). The :tbility 
of thesedrugs to completel y eliminate adult worms 
and/or larvae has yet to be determined. 

• Hype,.enslon 

The methods for measuring blood pressure and 
reported normal blood pressure me:tsuremenu in 
small animals are extremely variable. Blood pres
sure should be measured with the animal unse
dated, relaxed and minimally restrained. He:trt 
rate should be within normal rening limits (an 
increased heart rate tends to increase the diastolic 
blood pressure measurement). Direct measure
mcnts c:tn be performed by percutaneous punc
ture of the femoral artery connected to pressure 
sensing :tnd recording equipment. Non-invasive 
indirect measurements can be obtained using 
Doppler ultrasound or, in dogs, oscillometric 
techniques. Normal di rect and indi rect measure
menu for dogs and cats are gi\'~n in T abl~ 34.7. 

In dogs. hypertension should be suspected if 
systolic :lnd diastolic measurements gre:lter th:tn 

l.ble M.7 Normal blood pressure measurements in dogs and cats 

Melhod ol measuremenl trelerence) 

Direcl (Cowgill and Kallel. 1986) 
Doppler (Reminard et at. 1991) 
OsciliomelrIC (Coutler and Keith, 1984) 

Direct (Gordon and GOldblatt, 1967) 
Doppler (KobayaShi tt a/. , 1990) 

Dogs [systolic) 
148 J. 16 mm Hg 
147 mm HO (mean) 
144 1 27 mm Hg 

Call (SYllallc) 
171 .: 22 mm Hg 
118..4J. I O.6mmHg 

Dogs (dlulollel 
87J.8mmHg 
80 mm Kg (mean) 
91 J.20mmHg 

Call (dla$lollc) 
123 J. 11 mm Hg 
83.8 J. 12.2 mm Hg 
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180 mm I-I g and 100 mm I-Ig respectively. ;arc 
obtained using ;an indirt'Ct Doppler uhrasound 
technique:! (Remill.1rd t' l al .• 1991). In (';I.[S. hyper
tension is defined as sustainro systolic and 
diasl'Olie pressures gre"ter 1I1"n 170 mm Hg and 
100 mm I-Ig, rcspccli"dy, using a Doppler tt'Ch
nique (Morgan. 1986); systolic/diastolic pressures 
greater than 200/ 145 should certainly be rcga.rded 
;as ;abnorma.l (Cowgill ;and Kallet, 1986). 

l-i )'pertension nn be dassinw as prima.ry 
(csS(:nti;al) or seeond"ry. Most ca.ses of hyper
tension in snull ;animals :Ire second;ary to other 
diseases (Cowgill and Ka.llet, 1986). Regul;ation of 
aneri.!.1 blood pressure dcpc:nds on the interaction 
of a number of neural, c:udiac, ren,,1 "nd humoral 
factors which affcct cudiac output, pluma 
volume and VJsculJr tone. Deregulation of th(!$e 
pressor and volume homeostatic mech:misms may 
initiate a hypertensive slate. AClivalion of the 
renin- angiotcnsin-aldoslerone system, ;altered 
;adrenergic ;activity. and the rele;l.~ of vasopressor 
subst::lnces by the kidney ::Ind antidiuretic hor
mone from thc ncurohypophysis (the l;aner in 
responS<' to incre;lsrd ;angiotcosin II levels) act 
together to increase:! peripher;al vascular resistance 
and ret;lin sodium and water. Increased "asculu 
'stiffne:!ss' associatrd wilh atherosclerosis a.nd 
a. rteriosclerosis mly 1150 pllY :t role in cre:tting ;a 
hypenens; ,'e SUle (Cowgill :tnd K:tllet. 198). 

Prlm,ry (essenll'l) hypertension 

Spollla.neous hypertension has ~en reportro in 
dogs, including a colony of prim:try hypertensi,'e 
dogs bred (rom two naturally occurring cases 
(Bovee t't al .. 1986; Littm:tn t't al .• 1988). 
Di:tgnosis of primary hypenension essellli ;a lly 
involve:!s ruling OUt secondary causes. Since spon
u.ncous hypenension can re:!sult in secondary 
ren:t! ch:tnges (glomerulosclerosis) and ren,,1 
insufficiency, idemific:t tioll of the primary disease 
process is often extremely difficult (Lium;ln et "I .• 
1988). I-l igh sod ium dicts have been implicated in 
the pathogenesis of primary hypertension (f urner 
n tAl., 1990). A high sodium diet may be expected 
to accelerate the disease process if fed to an ;mim01! 
with pre-existing hypcrte05ionj it is not cle:!ar, 
howevcr. if ::I high sodium load alone can resuit in 
h},pe:!n e:!nsion. 

Secondary hrpert~nslon 

In the cat, renal dise"se and hypc:rthyroidism are 
both common causes of hypertension (Kob"yashi 
et al. . 1990; Littman. 1994). Primary renal dise:lSC 

is the most common cause of hYPe:!rtension in 
dogs (Cowgill and K::IlIet, 1986). Hypencnsion 
may also ~ associatro with hypothyroidism, 
hyper:adrenocorticism. di:tbetes mellitus. 
phaeochromocytoma, primary hypc:raldostero
nism, hyperp:trathyroidism (resulting in hypc:r
c;tlc;lemi;t), :tcromeg"ly "nd hyperocstrogcnism. 
Othe:!r pote:!llIial, but 1e:!55 welt documentro, e:tuses 
include pol),cyth:temia. an:temia. renin-producing 
tumours, coarct:ttion of the aona, obesity and 
ageing (Dukes, 1992). 

Clinical signs 

Hype:!nension Ie:!ads to glomerulosclerosis and a 
1055 of functional nephrOn!. If renal function is 
already compromised hypertension may :lcccler
ate progression towards end-stagc renal failure 
(Littman el al., 1988). 1-1 ypertension :tlso resul ts in 
concentric hypenrophy of the leh ve:!ntricle which 
predisposes the myocardium to ischaemia and 
the development of arrhythmias. HypertensiVe:! 
re:!tinopathy is ch:tracte:!riuod by choroidal haem
orrhage ;and foc:t l retinal detachments. Some 
anim:tls pre:!S<'nt with sudde:!n onset blindness due 
to complete retinal detachment. papilloede:!m:&, 
intr:J.ocular haemorrhage or glaucoma (P;aulsen t't 
al., 1989). Neurologic:tl signs :tre:! usu:tUy attrib
Uted to cc: rebr;al haemorrhage; cerebral infarction 
associated with ;a therosclerosis of the cerebral 
aneries is occa.sionalty seen in dogs with 
hypothyroidism (Liu c:t al., 1986). 

Treatment 

The:! main objcctivc: ;s to identify and Ire"t appro
priately the underlyi ng disease (for example renal 
failure). When a specific dise:tse cannot be identi
ned and primaq· hypertension is suspectrd, 
therapy should be directed against the mechanism 
responsible for the hypertension. that is an attempt 
should be made to reduce the circulating blood vol
ume, decreaSe:! sympathetic tone and/or inhibit the 
renin-angiotensin-aldosterone pathway. Suitable 
therapeutic strategics arc summariZlod below 
(Cowgill and Kallet, 1986; Dukes, 1992), 

• Rrduce:! sodium intake:! to 0. 1-0.) % of the diet 
(1Q....40 mg kg·' dry matter). Sodium restriction 
potentiates the action of antihypert !.'nsi,'e drug 
therapy (sec ~Iow). Prescription diets a.re:! 
a.\'ai lable which fulnl these requirements. 

• Diuretics. Frusemide has a natriuretic action 
and ca.n ~ used in the face of renal f:li lure:!, 
Spironolactone is a morc: appropriate drug for 
tre:!ating hyperaldosteronism. 

'lO radNo 



• Beta-adrenergic blocking drugs decrease car
diac Output and decrease rc:nin rc:lease by 
blcx:king the beta receptors on the juxta
glomerular appar.l.tus. Their usc is indicated in 
feline hyperthyroidism where hypertension is 
due [0 excessive adrenergic stimulation. 

• Alpha-adrenergic blocking drugs such as 
prazosin can be used as balanced vasodilators 
and can be used safely in animals with renal 
dysfunction. 

• H ydralazine is an arterial vasodilator. It lowers 
blood pressure but does not protect the kidney 
against glomerulosclerosis. H ydralazine may 
result in reflex sympathetic stimulation and 
renin rdeasc and therefore may have to be 
givc:n with bet;} blockers. 

• Calcium channel blockers such as verapamil 
and diltiazem cause vasodilation. Verapamil is a 
renal vasodilator and may transiently increase 
glomerular fi ltration ratc:. 

• Angiotensin converting enzyme inhibito rs are 
balanced vasodilators. The decreased produc
tion of aldosterone resuits in increased salt and 
water excretion. These drugs are nephrotoxic 
so care should be taken if there is evidence of 
rc:nal dysfunction. 

I CONGENITAL HEART DISEASE 

The prevalence of canine congc:nital heart defects 
in veterinary clinic populations is approximately 
0.5--1.0% (Darke, 1986; Patterson, 1989); the 
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prevalence in cats is slightly higher at 2% (Liu, 
1977). Congenital heart defects arc more common 
in pure bred dogs with certain breeds predisposed 
[0 specific cardiac anomalies rr able 34.8). Most of 
the common defects are inherited in a complex 
manner consistent with a polygc:nic basis and it is 
likely that the genc:s involved act additivcly to 
increase susceptibility to a specific defect during 
embryological development of the heart 
{Patterson, 1989). 

Conlrol mBISUTtlS 

A reduction in the frequency of any genetic defect 
can only be accomplished by selection to reduce 
the frequency of genes involved. Pups should be 
screened for congenital heart disease (most signif
icant congenital defects produce heart murmurs) 
at the time of their first immunization, that is 8- 10 
weeks of age. The primary role of a \'eterinarian in 
deali ng with a suspected congenit;}l heart defect is 
to; 

• Provide accurate diagnosis, prognosis and 
• appropnate treatment; 

• Provide genetic counselling for cases in which a 
genetic cause is known or suspected. 

All affected animals should be identified and eli m
inated from the breeding programme. Breeders 
should be dissuaded from breeding from the off
spring of affected animals. even if cli nically nor
mal, since they may be potential carriers of the 
genes in\'olved. 

Most congenital heart defects cause stunted 
growth and elinical signs relating to cardiac dys-

Tlbll :M.8 Bree<! specific predisposilions to the more common congenital cardiac defects in dogs 

O,leel 

Patenl ductlJ5 arteriosus 

Pulmonic stenosis 

Subaortic steoosis 

Persistent right aortic arch 
• 

Tetralogy 01 fallOl 

Ventrk:ular septal delect 

Atrial septal detect 

Tricuspid dySplasia 

Mltrnl dysplasia 

Breed 

Miniature poodle. COllie. pomeranian: SlIetiand sheepdog; German shepherd 

Bulldog; lo ~ terrier; chihuahua; beagle; samoyed; mlnialUre schnauzer 

German shepherd; I>o~er; Newfoundland; German shOrt-haired pointer. gOldlln 
retriever; roltweiler 

German shepherd. Insh seller 

Keeshound' 

Bulldog: keeshound' 

Samoyed 

Great Dane; weimeraner; Labrador retriever 

Great Dane; bulldog; chihuahua; buillerner 

• Part 01 a spectrum 01 conotruncaJ malformations prodlJCe(! by the same unclerlyillil genetic delect. 
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function arc usually apparent before one year of 
~ge. Most are associated with a murmur; howe\'er, 
not all murmurs in this age-group are pathologi
cal. [t is neccssary, therdo re, to d iffercntiate 
pathological murmurs from those that can bc clas
sified as innocent or benign. Moreover, as some 
murmurs, particularly left ventricular outflow 
(ejection-type) murmurs can be delayed in onset, 
all normal pups shou ld be re-examined once they 
have attained adult body size. 

Patent ductus arteriosus is the most common 
defect in dogs (approximately 25- 30% of all con
genital defects in most studies) followed by, in 
decreasing o rder of frequency, aortic stenosis, 
pulmonic stenosis, \'entricular scptal defects, 
persistent right aortic arch and terralogy of Fallot 
(Patterson, 1968; Mulvihill and Priester, 197); 
Buchanan, 1992). The most common congenital 
cardiac defects in the cat are, in descending order 
of freq uency, mitral valve dysplasia, tricuspid 
valve dysplasia, ventricular septal ddcet ;md 
aortic su~nosis, especi2llly the 5upravah'ular form 
(Liu, 1977). 

• Patent ductus arteriosus 

In the fetus, the ductus arteriosus functions 10 

bypass the pulmonary circu lation. It is a short 
arterial connection arising fro m the sixth aortic 
arch which carries blood from the pulmonary 
artery 10 the aorta and systemic circul;lIion. The 
ductus norm;tlly closes in the first few weeks after 
birth to form the ligamentum arteriosu m. Closure 
is regulated by prostaglandin synthet;ue inhibi 
tion and also by the dlanges which occu r in blood 

• oxygen saturauon. 
P:lII.'nt ductus arteriosus (PDA) occurs as a. 

gra.dcd defect \';Iirying in severity according to the 
d iameter of the dueullumen. In some cases a duc
tuS diverticulum forms when the ducul IUlllen 
doses at its pulmonary artery end but remai ns 
open over the res t of its length (Patterson, 1989). 

P,thophyslology 

A d uctus which remains patent after birth 
allows the shunting of blood during systole and 
d iastolc from the high pressure in the aorta to 
the pulmo nary artery. PDA therefore represents 
an arterio veno us fistu la since oxygenated blood 
from the aorta mixes with vcnous blood o f the 
pulmonary anery. Shunting of blood through 
the right side of the heart leads to pulmonary 
o\'erci rculation, left \·t·nt ricu13r volume oyer-

load, pulmonary venous and arterial hyperten
sion and ultimatel y signs of left -sided congestive 
heart failure. Left ventricular a.nd left atrial 
enlargement leads to mitral regu rgitation wh ich 
contributes to the volume ovcrloa.d and pul
monary venous engorgement. Pulmonary 
hypertension leads to pressure overload in the 
right ventricle and the direction of the shunt 
can re\'erse. The incidence of left heart failu re 
and pulmonary hypertension, and the rapid ity 
of onset of clinical signs, is associated with the 
size of the ductal lumen (Patterson, 1989). 
Occasionally PDA occurs in associa.tion with 
o ther congeni tal cardiac dcfcets, for exa.mple 
\'entricular seplal defect and pulmonic stenosis. 

The incidence is highest in miniature poodles, 
German shepherds, Border collies, Shetland 
sheepdogs. pomeranians and Irish sellers and a 
predisposition fo r females has been reporh.od. A 
pol ygenic mode of inheritance is suspecttod in 
most of these breeds (Paucrson, 1989). 

Clinical signs 

Most dogs with PDA show clinical signs before one 
year of age and only a few cases reach adulthood 
undiagnosed. Thcd in;cal signs arc those ofleft -sided 
heart failure. A few animals may experience synco
pal episodes. Advanced cases may show signs of 
biventricular fai lure. The characteristic feature of 
PDA is the prcsenee of a continuous ' machinery
t)'pe' murmur overthe aortic1pulmonic valve region 
which may radiate to the thoracic inlet. Most 
' machinery-type' murmurs 21re confined to a very 
narrow region and a.re associated with a palpable 
prewrdial thrill over the cranial tho rax; in many 
cases an additional systolic murmur associated with 
mitral regurgitation can be located o\'er the mitral 
\'alve region. TIle femoral pulse becomes jerky 
(,wa.terhammer' pulse) because of the sha.rp fa. 1I o ff 
in arteria.l pulse pressure. 

Once pulmonary hypertension de\'elops the 
direction of the shunt reverses. Initially the dias
tolic component of the murmur disappears but as 
the shunt reverses the murmur may disappear 
completely. Shunt reYerul is associated with dif
ferentia l cyanosis. Since the patent ductus joins 
the aorta distal to the aortic areh the blood supply 
to the held and neck is preserved and only the 
caudal extremities become cyanotic giving rise to 
hindlimb wea.kness. 

Electrocardiography 

Wide P w;"'cs, tall R waves and prolonged Q RS 
complexes reflect left auial and left ventricular 
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enlargement. The presence of deep Q wa\'es and S 
waves in leads I, II, 1II and a VF is indicative of right 
ventricular enlargement. T waves arc often deep 
and negative in leads 11, 111 and aVF. Arrhythmias 
(atrial fibrillation and ventricular premature com· 
plexes) maybe noted espe<: iall y in older dogs sho w
ing severe signs of decompensation (Goodwin and 
Lombard, 1992). The mean cle<:trical axis, in most 
cases, is within normal li mits. 

Rldlographlc findings 

Left atrial and left ventricular enlargement is 
usually associated with signs of pulmonary o \'er
ci rculation (enlargement of both the pulmonary 
arteries and veins) and pulmo nary oedcma. 
C lassically, three knuckles or bulges may be pre
sent on the dorsoventral projection (Fig. 34.23); 
these represent ( I) the dilated aonic arch at the 
one o 'clock position, (2) the enlarged pulmonary 
artery segment at the two o'clock position and (3) 
the enlarged left auricular appendage ;l. t the three 
o'clock position. Pulmon;l.ry hypertension may 
result in right ventricular enlargement. 

Echoc,rdiogTlphy 

Echocardiography will confirm left 31ri ;l. I and left 
ventricul3r enlargement. In advancc.-d C35es there 
may be evidence of right ventricular enlargcmem 
and chro nic volumeoverload may result in decrcased 
left ventricular contractility. Septal motion may be 
exaggerated. The patent ductus is often difficult to 

CONGENITAl HEART OISEASE I 311 

im3!;e. Continuous flo w disturbance o r turbulence 
and high velocity retrograde flow lOward the pul
mo nic valve can bcdete«cd if a pulsed Doppler sam
pie gate is placf!d in the main pulmonary an ery . 

AnglocardlogTlphy and Intracard/ac pressure 
studies 

A selective injcnion of contrast material into the 
ascending aorta o r aortic root should result in 
simultanrous opacification of the pulmonary 
artery and aorta. A non·selective srudy. using a 
I;l. rge di;l.meter intravenous cathCler placed into the 
jugular \'ein will demonstrate a left 10 right shunt
ing POA o nly after contras t has reached the aona; 
for this reason scrial radiographs should be u ken 
1, 5 and lOs aft er the injection of the contrast agent. 

Pressu re studies can be performed beforehand. 
Pressures in the right ventricle and pulmonary 
artery arc increased with the pulmonary artery 
pressure being gre~ter th~n that in the right ven
tricle. The pressures in the left heart m;l.y be nor
mal. Pulmonary an ery Pol is usually increased 
and is greater than the Pol in the right v~ntricl~. 

Prognosis 

The prognosis for a young animal showing no 
clinical or radiographic signs o f heart failure is 
good and surgical correction of the POA may 
result in ncar normal life expe<:tancy. The p rogno
sis becomes less fa vourable for dogs showing 
signs of cardiac de<:ompensation, ~specially 

b 

Figure 34.23 lateral (a) and dorsoventral (b) thoracic radiographs of a 2.5·year,old female German shepherd dog 
wilh patent ductus arteriosus. Three 'knuckles' are present on the dorsoventral view representing the aorta, pulmonic 
artery and left auricular appendage. 

A 
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where echocardiography demonstrates dt'Creasw 
myocardial contractility. 

Treatm'nt 

Treatmcnt of PDA usually involves (Ioublc liga
tion of the patcnt vcssel. A I:lrge diameter PDA 
may occ:uionally recanalize after ligation. Surgery 
is gencrally contraindicated if there is evidence of 
a right to left shunt. Congestive heart failure 
should be managed appropriatciy and the animal 
stabilized before surgery. 

• Aortic stenosis 

Aortic stcnosis can occur at three levels: ( I) sub
valvular; (2) "ah'ular; and (3) supravalvu lar. 
Subvalvu lar aortic stenosis is the most common 
form in dogs; in severe cases a d istinct fibrous 
band fomu bc10w the vah'e. Valvuhr lesions arc 
rclati,'c\y r.ue in the dog. Supravalvular s('enosis is 
more common in the C2t and is always associau:d 
with malfom13lion of the aortic valve (Liu, 1977). 

P" hOphyslology 

Aortic stenosis results in left ventricular outflow 
obstruction and pressu re overload. -n le clinic:tl 
presentatio n of aortic stenosis, as with pulmonic 
stenosis, rel:lu~s to the severity o f the o utflow 
obstruction, the pressure gr.u.lient wllic:h de\'clops 
across the aortic valve ;md the degree of compen 
satory left ventricuiJ.r hypertrophy. A progressive 
increase in left ventricular workload leads to 
myocardial ischaemia which predisposes to 
arrhythmi:ts :tnd left ventricu lar failure. In severe 
cases, symmetrical concentric hypertrophy of the 
left venllicle :tnd outflow tract contributes to the 
outflow obstruction and results in inlpaired dias
tolic filling (decreased myocardial compliance). 
Turbulence of blood through the stcnotic region 
resulu in post-stenotic dilaution of the ascending 
aorta. Dlmage to the aortic \,:th'e leaflets and left 
vemricul:lrpressureo\'erload may result in the con
current regurgitation of blood through :Ionic and 
mitral valves. respectively. 

'ne highest incidence of aonic stenosis occurs 
in boxers, golden retrie\'ers, German short-haired 
pointers and Germln shepherds (Pallerson, 1968; 
Mulvihill and Priester, 1973). A genetic trait has 
been idelll ified in the Newfound land breed (Pyle 
ct al., 1976). T hc high incidence in golden retric\,
ers suggests a mode of inheritance similar to that 
of Newfoundbnds (O 'Grady et ,,/.,1989). 

CllnlClI signs 

Dogs with mild defects often show no c1i niC.11 
signs and may have normal life expect:tncy 
(O'Grady tt al., 1989). More sc\'ere stenosis is 
associated with exercise intolerance, muscular 
weakness and syncopal episodes. The onset of 
clinical signs o hen occurs between 6 and 10 
months of age. Left-sided heart failure is uncom
mon in dogs witb aortic stenosis; most .1nimlls die 
suddenly and unexpectedly probably as a resuit of 
se\'ere ventricubr arrhythmias. 

Aortic stenosis is characterized by the 
presence of a low-grade systolic ejection-type 
crescendo-decrescendo murmur with a point of 
maximal intensity over the aortic valve region; 
occasionally there is a diastolic component due to 
aortic insufficiency. The intensity of the murmur 
tends to correlate with the magnitude of the out
fl ow obst ruction. The murmur may radiate up the 
carotid arteries and severe murmurs can occasion
ally be :tuseulutcd over the craniu m and may be 
associated with a palpable precordial thrill. The 
murmur may also be audible over the right third 
or fourth intercostal spaces, The femo ral pulse 
becomes attenuated as cardiac OUtpUt falls. 

EI"trocardiography 

Mild aortic stenosis is unlikely to Cause significant 
electrocardiographic abno rmali ties. More severe 
lesions may result in increases in R wave amplitude 
and Q RS durat ion (left ventricular enlargement), 
depression of the ST segment (Ill yocudi:tl hypoxia) 
and ventricular or supravemricular arrhythmias. 

Radiography 

R:tdiographs arc often unremarkable. Post
stenotic dilat:uion of thc ascend ing aorta may 
result in an enlarged aortic arch on the dorso
ventral view, although this 'knuckle' may be hid
den within the medi:tsti num, and filling of the 
cardiac waist on tbe lateral projection (Fig. 34.24). 
Signs o f left :tlri:tl :1Od left ventricul:tr enlargement 
and left -sided failure may be present with more 
se,'ere Icsions or if the aortic stenosis is compli
C:ttOO by mitral rcgurgit:l.1ion (O'Grady et af. , 
1989). 

EchoClrdlography 

Echocard iography may reveal a ring of fibrous 
tissue below the level of the aortic \,:th'e and is 
useful for confi rming the presence of post
stenotic d ilatation and left ventricular hypertro-
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• b 

Agufl 34.24 lateral (a) and dorsoventral (b) thoracic radiographs of a 4-year-old labrador with aortic stenosis. The 
cardiac silhouette is within normal dimensions for the breed but a prominent aortic knuckle is visible . 

• 
b 

Figure 34.25 (a) RighI parasternal long axis eChocardioyram from a 2'year-old male Boxer with aMic stenosis show
Ing a fibrous ring just below the aortic valve (AV) causing stenosis 01 the left ventricular outflow Iract (lVOl). The 
severity can be assessed by Doppler interrogation of blood flow. (b) Continuous wave Doppler through the aortic out· 
flow tract from a substernal approach showing peak velocity across the aortic valve of 4.25 m 5.1 which equates to a 
pressure gradient 0172 mm Hg. 

phy (Fig. )4.25;1.). Premlture closure of the l onic 
valve during mid -systole may be evident in severe 
eases. O ther echocardiographie feltures include 
synolie flullering of the aon ie valve, and syslOlic 
ante.rior motion and diastolic flull ering of the 
mitral v;l1ve. Left ventricular frlclionll shonening 
may be no rmal or incre;ued. The severity of the 
lesion can be assessed by Doppler echocardiogra
phy (Fig. 34.25b). The flow velocity and pressure 

gradient :l.cross the aortic valve !;In be measured 
non-invasively using the Bernoulli equJ.tion 
(pressure = 4 x flow veiocityJ) lnd the resullS 
correll!e well with those obtai ned \·ia intracardiac 
catheterization. 1:low vc:locities less than 5 m S-I 

by the time the dog reaches maturity may 
not significJ.ntiy reduce longe\' ity or quality of 
life; normal maximum aortic flow velocity 
is 1.5 m S-I (O'G rady et al., 1989). Doppler 
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echocardiogrnphy rna)' also demonstrate retro
gr:tde flow of blood through the aOllic \'a\ve due 
[0 aortic regurgitatio n. An unusual form of 
subaollic stcnosis in combination with mitral 
valve dysplasia has been reported in golden 
retrievers (Buoscio t't II I., 1994). 

Angiocardiography and pressure studies 

Maximum pressure gradicnl across the aonic 
valve should not exceed 9 mm Hg. Moderately 
severe lesions have pressure gradiems greater 
than 40 mm Hg; a pressure gradiem greater than 
80 mm H g is consistem with se\'ere s tenosis and 
surgery is indicated. 

A selective injection of contrast mat{'rial imo 
the le(t ventricl{' can be us«l to demonstrate left 
ventricular hypertrophy, subvalvular stenosis and 
post-stenotic di latatio n (Fig. 34.26). 

Fillure 34.26 Right lateral thoracic radi~raph of a 6-
month-old rottweiler with aortic slenosis. left venlricular 
injection of contrast demonstrates severe stenosis 
below the aortic valve. The curled catheter is In the right 
ventricle. 

Prognosis 

Whereas the long-term survi\'al of dogs with 
umreated mild 10 rnoder;l(e subaortic stenosis is 
favo urnble (30-50 mo nths) most d ogs with pres
sure grndients greater than 80 mm Hg die before 
three years of age (median survival 19 months; 
Kienle el a/. , 1994). 

Treatment 

The administration of beta-adrenergic blockers 
as prophyb ct'ic amiarrhythmic agent.s and their 

effect on myocardial compli.:lnce has nOt been 
full y investigated in dogs with aortic stenosis. It 
has been suggesu'd , on the basis of favourable 
clinical repo rts, that beta blockers may improve 
diastolic filling and, by decreasing heart rate, 
decrease myocardial oxygen demand. 

• Pulmonic stenosis 

Pulmonic stenosis can occur at three levels: ( I) 
infundibular or subval\'ular pulmonic Slenosis 
may occur second.:lry 10 the valvular form and 
is caused by a ring of fibrous tissue surrounding 
the right ventricul.:lr outfl ow trnct; (2) the valvu lar 
form which is the most common form in dogs; 
and (3) the supravalvular form is rare. Pulmonic 
stenosis is one of the components of tetralogy of 
Fallot. Isolated pulmonic stenosis is rare in cats. 

Pathophysiology 

Vakular pulmonic stenosis represents a form of 
pulmonic valve dysplasia. The valve leafletS are 
often fu sed or thickened and in most cases there 
is secondary hypertrophy of the infundibular 
portion of the right ventricular o utflow tract 
(Fingland I!t III., 1986). The clinical signs are 
related to the degree o f right ventricular o utflo w 
obstruction. Pulmonic s tenosis causes an 
increased syslOlic pressure in the right vemricle 
with a systolic pressure gradient across the vah'e. 
Many dogs ha\'e mild lesio ns and show no clinical 
signs. More severe lesions lead to a pressure 
gr.:ldient .:lcross the pulmonic vah'e .:lnd pressure 
overload in the right ventricle. C oncentric hyper
trophy of the right \'entriele may contribute to the 
outfl ow obstruction and a furtht"r increase in 
myocardial o xygen consumption. The jetting of 
blood through the stenotic valve may damage the 
valve leafl ets resulting in pulmo nic regurgitation 
and right ventricular overload. Some cascs o f pul
monic stenosis may be complicated by tricuspid 
valvular insufficiency_ 

T he incidence of pulmo nic stenosis is highest in 
English bulldogs, fox terriers, miniature schnau
zers, chihuahuas and samoycds (Patterson, 1989). 
A heredi tary bu is has been postula({'d in the 
beagle breed (Patterson, 1984). No sex predisposi
tion has been reported. 

Clinical signs 

C linical signs associated with pulmonic stenosis 
often do not become apparent until 6 months of 
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age or older al though before this the animal may 
appear stuneed and ill thriven. The mose common 
presenting sign is reduced excrcise tolerance; morc 
s~vere lesions may result in syncopal episodes and 
occasionally dyspnoca, cyanosis :1Ild signs of righe· 
sided cardiac decompensation. A prominent 
jugular pulse due to increased right atrial pressure 
may be present (Fingland el al., 1986). A 
crescendo-decrescendo systolic murmur can be 
he:lrd over the pulmonic valve region; the murmur 
mayalso bcaudible at the thoracic inlet. Pulmonary 
hypertension may lead to delayed closure of the 
semilunar valves and a split SJ sound. Severc mur· 
murs may be associated with a precordial thrill. 

Electrocardiography 

Moderate to severe lesions consistently cause a 
right axis shift (> 120") and signs consistent with 
right ventricular enlargement (deep Sand Q 
waves in leads I, IJ , UI and aVF). Ventricular 
arrhythmias arc rdatively common. 

Rld/ography 

Post·stenotic dilatation of the main pulmonary 
artery segment may lead to an absence of the 
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cranial waist on the lateral view and a bulge at the 
two o'clock position on the dorsoventral view. 
Right \'entricular hypertrophy is manifested as a 
typical reverse D shape with shifting of the 
cardiac apex towards the left on the dorsoventral 
view (Fig. 34.27). Pulmonary v;l.5cularity may 
appear decreased. 

Echocardlography 

Echocardiographic findi ngs include right vcntric
ular hypertrophy, posHtenotic dila tation of the 
m:lin pulmonary ;mery. :I.bormal thickening of 
the pulmonic valve leafl ets and flanening of the 
interventricu lar septum with paradoxical motion 
due to right ventricular pressure overload . The 
sevcrity o f the outHow obstructio n can be 
assessed by Doppler echocardiography. A sys
tolic pressure gradient of more than 15 mm Hg 
between the right \'entricle and the pulmonic 
artery is suggestive of pulmonic stenosis. 

AnglDcardlDgraphy and intraeardlac pressurB 
sludles 

Angiocardiography and catheteriz:lIion pressure 
studies are rarely required since both the di:lgnosis 

Figure 34.21 Lateral (al and dorsoventral (b) thoracic radiographs of a IS-month·old Labrador wilh pulmonic 
slenosls. Note the increased sternal contact and filling of the cranial waist of the heart on the lateral view. A prominent 
pulmonic ·bulge' is evident on the dOlsovenlral view. 

b 
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and the pressure gradienl across Ihe pulmonic \'alve 
nil be assessed non. invasively by echoc:ardiogra. 
ph y. Non-selective or selcctive angiocudiographic 
techniques may be performed. 

Treatment 

The pressure grad ient across the pu lmonic \';l lve 
should be determi ned before contemplating 
surgery. Su rgery is gcner.dly indicated if tht' pres· 
surt' gndit'nl across tht' vah'e exceeds 70 mm Hg 
with evidencc of severe right ventricular hyper· 
Irophy in a dog showing c1inic.a1 signs. Surgical 
m:l.llagcment consists of balloon dilat2tion of the 
pulmonic valvc (Brownl ie tt ~/., 1991 ). Dogs with 
right ventricul2t systolic pressures grealer than 
120 mm Hg h2ve higher 5 yeJ.r mortnlity than 
dogs with right \'enlricular pressures less than 
120 mill Hg (Fingland et al .. 1986). 

• Venl,l,ula, sepia I dele,1 

Ventricul.tr ~ptJ. 1 defects (VSD) occur most fre
quently in kecshounds and English bulldogs and 
:lrc one of the more commo n c:lrdiae defects in 
C;lIS (Mulvihill :tnd Priester, 1973; Liu, 1977). 

Pathophysiology 

M051 VSD involve Ihe upper membranous 
po nioo of the intervenlrieub.r seplUm and c.an 
be classified as high VSDs, The haemodynamic 
abnormalities, Ihe c1inic,1 signs and progression 
:Ire delermined by Ihe sil'.e of the defect. Blood 
normally flows from Ihe left 10 the right "enlricle 
only during systole; if pulmonary hypen en.sio n 
de\'elops thc dircction of blood flow m:ty reverse. 
An animal with a small defect may show no c1ini· 
cal signs. A large VSD will initially produce 
pulmonary ovcrcirculation and left vcntricular 
volume overload. Increased v;tSeular resistance 
may lead 10 pulmonary hypen ension. right yen· 
tricular pressurc overload. and hypenrophy of 
the righl vcntricle 3nd righl ventricular ou tflow 
tract. H ypertrophy of the right ventricular OUI~ 
flow tract resulls in infundibular pulmonic steno
sis which eomribules to the righl vemricular 
pressure overlo.1d ;md eventual reversal of the 
shunt (Eiscnmenger syndrome). As wilh most 
eongenilal cardiac defects a VSO can occur as an 
isolatcd defect o r in conjunction with olher 
defects such as arrial septal defect, palent 
ductus arteriosus. aortic or pulmonic stcnosis. 
Ventricular seplal def«t is also one o f the compo~ 

nems of tetralogy of FJ.llot. In cats most ventricu
lar sepul def«u arc associaled with tricuspid 
valve dysplasia (Liu, 1977). 

Clinical signs 

A 'diagonal' systolic murmur with a point o f m;lX
imal intensilY betwecn the 2nd and 4th right in ler' 
conal spaces .1nd the 5th and 6th left inlercostal 
spaces is highly suggcstive of a VSO. A precordial 
thrill n1:1)' be presem. Pulmon.1ry hypctlCnsion 
may be associ;ucd with splitting of Ihe second 
hean sound. Shum revcrS.1l results in attenuation 
o f the murmur, cY:lnosis and uhimatcly signs of 
right·sided congestive heart failure. 

Electrocardiography 

Changes indicativc of left venuicul.1 r, righl 
vcnt ricular o r bivcntricular enlargement may be 
notcd with a St'vere VSD. ArrhYlhmils .1nd con
duction dislUrb:lllces, for example bundle branch 
block, have also been reponed (Olivier, 1988), 

Radiographic findings 

Sm.1l1 defccts arc unlikely to be ;tSsocialcd with 
radiographic abnormali ties. The radiographic 
chl ngcs seen with a brger VSD arc similar to 
those :l$sociated with a patem d uctus arteriosus 
except that the aorlic knuckle is absent and thc Icft 
ventricular cnlnrgement tends to be less pro· 
nounced. There mly be cvidence o f gener.. lizcd 
cardiomegaly and pulmonary overcirculation; the 
left atrium may appear particularly prominent. 
Right ventricubr or bi\'cntricular cnlargement is 
more likely to occu r if Ihe shunt re\'erses. 

EchoClrdlography 

A VSO high in the intervcntricubr septum should 
be demonstt.1ted in several planes. Pulsed 
Doppler sign.1ls from the right ventricle sho w 
high systolic blood \'clocitics across the defect 
with varying degrees of turbulencc and can con
firm Ihe direction of the shunt. In some dogs there 
may bc e\·idence of :lortic regurgitatio n (Sisson N 

al., 1991a). The left \'Cntricle may appea...nyper
kinetic if the shunt is large and both Ihe lefl 
atrium and left ventriclc appear dil.ned. The right 
ventricle usually appears normal unless the shunt 
re\'erses. 

Angiocardiography 

Sclccth·c angiocardiography with injection of 
COntU,51 malerial into the left ventricle can be used 



to confirm the presence of a left to right shunting 
VSD :tnd results in simultaneous op:tcification of 
the left and right ventricles as well as the :ton:t :tnd 
pulmon:try :tnery. 

T",tmBnt 

Small defects often require no treatment. 
Pulmonary b:tnding may be considered in mature 
dogs with no rm:tl or only mildly increaJied vascu
l:tr resistence to reduce flow of blood through the 
shunt. An:ttomie rep:tir of the defect is the only 
treatment likely to be effective in dogs with left to 
right shunts and high vascular resistance (pul
monary banding could reverse shunt flow in such 
cases). Dogs with bidi rection:tl or reverse shunt
ing VSDs are not surgic:tl candidates. 

• Atrial septal detect 

Atrial sepal defects (ASD) arc rarel)' di:tgnosed in 
dogs. Three types of defect ha\'e been identified: 
(I) a high sinus venosus ASD involves the atrial 
septum near the junction of the pulmonary vein 
and left atrium; (2) an ostium secundum ASD 
in\'olves the middle portion of the atrial septum; 
(3) an ostium primum ASD involves the \'emral 
atrial septum, with the vent ral border o f the ASD 
being formed by the ventricular septum or 
atrioventricular valves (Olivier, 1988). 

P!rhophyslology 

An ASD usually creates a left to right shunt 
resulting in volume overload of the right atrium, 
right ventricle and pulmon:try vessels. Severe dila
lion of the right ventricle occasionally leads to 
dysfunction of thc tricuspid valve and tricuspid 
regurgitation. Occasionally an ASD occurs in 
combination with pulmonic stenosis, 

The highest incidence o f atrial septal defects 
occurs in Old English sheepdogs, boxers and 
samoyeds (Olivier, 1988). 

Clinical signs 

Dogs with small defects often show no clinical 
signs and have no rmal life expcct:tncy. A more 
severe defect may be associated with signs of con
gestive hean f:tilure (primarily respiratory signs 
because of the pulmonary overcirculation) and 
syncope. With large shunts a soft systol ic murmur 
may be aud ible over the pulmonic valve region, 
with increased blood result ing in rcl:uive pul-
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monic stenosis and splitting of the second heart 
sound. 

f/BctrocartJlography 

Elcctrocardiographic changes with ASD are no n
specific; signs of right ventricular enlargement arc 
occasionally present with large shunts. 

Radiography 

Radiographic evidence of right ventricular 
enlargement and pulmon:try overci rcul:ltion 
occurs only with large shunts. 

fchoClrtJlogflphy 

A suspect ASD should be im:tged in several planes 
and Doppler echocardiography can be used to 
confi rm the direction of blood flow through the 
shunt. A non-selective injection of contrast (for 
example an echocard iographic bubble study) may 
be used in cases when reversal of the shunt is 
suspected. 

Angiocardiography and Intracardlac 
calhBI,,'zation 

The selective injection of a contrast :tgent into 
the pulmonary artery provides the most reliable 
method of confirming an ASD. Oxygen satura
tion (S:tt) levels can be measured beforehand and 
the pulmonary to systemic flow ratio (Q :Q.) 
calculated using the following cqunion: P 

Q,:Q. =' (Sat .. -~t",,)I(Sal .. -Sal,.> 

where ao=aort:t, cvc=cranial vena cava and 
pa=pulmonary artery. Ratios greater than 2.0 arc 
usually considered to be haemody namicall y sig
ni fica nt (Olivier, 1988). 

TfBalmBnl 

Most dogs with ASD do not require surgery. 
Surgical closure of an ASD is indicated if ( I) there 
is progression of signs of congestive hean fai lure, 
(2) the defect is lugc and the Q :Q.;s grC'atc r than 
2.5, or (3) there is evidence of i n~reased pulmonary 
vascular resistance and/or a right to left shunt. 

Pars/stant common alrloVlnlrlcular canal In calf 

Persistent common atrioventricular canal is a 
common cardiac anomaly in the cat. A large 
ostium primum defect occurs in association with 
a high ventricular septal defect at the level 
of the coronary sinus, forming a common 
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;l.Iriov~mricular canal which is sh;arro by all four 
chambers of th~ hem. Generalized card iomegaly 
develops due to volume overload and signs of 
h~;art flilure USU31ly occur b~twecn 6 and 10 
months of age. 'n le condition is usually associlted 
wi ,h malformltion of ,he 3trioventricular valves 
(Liu, 1977). 

• Telralogy 01 Fallol 

The four componems of tetralogy of Fallot arc 
(1) pulmonic stenosis (vll\'\llar, infundibular or 
both), (2) high ventricular s~p[;tl defttt, (3) 
compenutory right v~ntricubr hypertrophy 
(sccondaf)' to pulmonic s t ~nosis) and (4) In over
riding or dextraposed aOrta which melns the aorta 
may 3rise from both ventricles or from the right 
ventricle alone. 

P6thophyslology 

The haemodynamic abnormalities associated with 
tetralogy of Fallot depend largely on the si:1'.C of 
Ih~ VSD and d~gr« of pulmonic st~nosis. Right 
vemricular systolic pressur~ increascs resulling in 
a variable degree of right \'enlricul;ar hypertrophy. 
A large VSD accompanied by a minimal degree of 
pulmonic stcnosis resuhs in a left to right or bi
directional shunt, pulmonary ov~rcirculation and 
volume overload of the left side of the he;!.rt. A 
minimal amount of venous. non-oxygenated 
blood enters the s)'stemic circulation via the over
riding aorta and therefore cyanosis is not appar
~nt. In comparison, severe pulmonic stenosis and 
a large VSD leads to an incr~as~ in pulmonary vas
cul;ar resiSfanc~ and the development of a right 10 

left v:llScular shunt. Hypertrophy of th~ right ven
tricul;ar outfl ow tr.l.c t and/or hypoplasia of the 
pulmonary artery may cont ribute to the pulmonic 
stenosis. Dogs with severe pulrnoll3ry hyper
tension may develop signs of right-sided heart 
fJilur~ . 

T~tralogy of Fallo! is mort' common in smaller 
breeds of dog (for example English bulldogs, 
poodles. and tt'rrier brttds); in tllt' keeshond 
breed tt'tralogy hJS a polygenic mode of inheri
tance (P.Ulerson t't al .• 1974; Patterson, 1989). 

Clinical signs 

Most dogs wi th tetralogy show clinical signs dur
ing the first 6-12 months of lif~. Clinic;!.1 signs 
associated with 5everc right to left shunts include 
syncope, cyanosis, and dyspnoca which may be 

appar~nt ~v~n at rest. Aff«ted dogs oft~n ap~ar 
scverely SlUnled and show marked ~xt' rcis~ intol
erance. Chronic hypoxia. due to shunting of 
unsaturated blood across the VSD, may le;!.d to 
secondJry polycythaemia. A systolic murmur, 
and occasionally a prccordialthrill, lypiCotI of pul
monic stenosis c.:m oft en be heard over th~ left 3rd 
intercostal space although this ma)' become atten
uated U lhe pressure within the right ventricle 
equilibrates with that in the left "entricle :l.nd 
blood is Ihumed preferentially lhrough the aorta. 
A harsher holosyslolic 'di:l.gonal-type' murmur 
more suggestive of a VSD may bt det«tro in 
cues wh~re the pulmonic stenosis is less severe. 

Electrocardiography 

Most cases of tetralogy showing cli nical signs 
havt' ECG changes consistent with right ventricu· 
lar enlargement and a right axis shift. Signs of left
sided enlargement may be present in cases with a 
left to right shunting VSD. 

Radiography 

The classical features of tetr.l.logy of Fallol ar~ right 
v~ntricularcnl:l.rgement and an enlarged pulmonary 
artery scgmenl. Displacentent of the aorta may result 
in a loss of the cranial waist. A right to left shunting 
VSD may result in hyperlucenq ' of the lu ng fields 
due to pulmonary hypoperfusion (Fig. 34.28). 

EchoClrdlogr'phy 

Echoc.:trdiography can be usro to image the high 
VSD. pulmonic stenosis and dextraposition of the 
aort'a, and to confirm right \'entricular hypertro
phy. O ther findings include reduced left atrial and 
left \'entricul;:,r internal dimensions; hypertrophy 
with flaucning or paradoxical motion of the inter
ventricular st'ptum m3y ;1lso b~ apparent. A non
sel«tive contrast (bubble) study may help to 
confirm the presence of ;l right to Icft shunting VSD. 

Angloc6rdiogr.phy and IntracartJlac 
catheterlz6t1on 

The non' 5('lecti"e injection of contrast via the jugu
lar \'ein or a sdecti\'e injection into the right ventri
cl~ results in simulta.neous opacification of the 
pulmonary artery :l.nd aon;1 with no apparent left 
ventricular fi lling. Post-stenotic diil.(;ltion of tht' 
main pul monary artery is usually c"idcnt (Fig. 34.29). 

Right ventricular pressure increases (normal 
less than 35 mm Hg) and a systolic pressure 
gradient de\'t'!ops across the pulmonic valve. 

A 
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Flguf'1 34.28 lateral (a) and dorsoVf!nlral (b) thoracic 
radiographs of a month old whippet with tetralogy of Falla!. 
Note the hyperlucent lung fields on the lateral view and the 
pulmonic knuckle and prominent right ventricle on the 
dorsoventral view. 

Figure 34.29 Lateral thoracic radiograph 01 a 14-monlh
old miniature poodle with tetralogy 01 Fallol lollowing 
injection of contrast into the right ventricle. Note the 
simultaneous opacilication 01 the aorta and pulmonic 
vasculature and the post-stenotic dilatation 01 the pul
monic artery. The needle is one of the ECG electrodes. 

Treatment 
Do gs with low pressure gradients across the pu l
monic valve (less than 30 mm H g) and aleh to right 
shunt can be managed conservativel y. The prog
nosis fo r mo re severe right to left shunting cases 
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which are cyanotic is generally poor and few 
animals su rvive beyond 12-18 months of age. 
Ahhough definitive surgical correction is onl y POS* 
sible with card iopu 1 momtry bypass (Hcrnagc et al., 
1983), crc;nion of a systemic-pulmonary artery 
shunt, for example between the ;l.or13 and pul
monary artery (Potts anastomosis) o r subcb.vi;a.n 
artery :md pulmonary artery (B lalock- Taussig pro
cedu re), may increase: pulmonary blood flow and 
systemic oxygenation (Ringwald and Bonagur:t, 
1988). Animals which arc significantly poly
cythaemic (peV grealerthan 0.6011-1

) may be given 
aspirin to minimize the risk of thromboembolic 
complications. The administntion of beta
adrcnergic blocking drugs has been advocated 
although their value has not been determined. 

• Eisenmenger syndrome 

Eisenmenger syndrome is the clinical syndrome 
or d isease caused by the Eisenmenger complex 
(ventricular septal defect and pu lmonary vascular 
disease or pulmo nary hypertension resulting in 
the secondary right to left shunting of blood). 
Less precise! y, Eisenmenger syndrome refers to 
any abnormal atrial. ventricular o r vascu1:tr con
nection between the pulmonary and systemic 
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circul:niolls which results in pulmonary hyper
tension and the creation of a right to left shunt. 
The clinical signs of Eisenmenger syndrome are 
therefore similar to those of a rC\'erR shunting 
VSD :md tetralogy of Fallot . 

I Mallormalions 01 the atrioventricular 
valves 

"'itral valvlI dysplasIa 

Congenital malformation of the mitn.1 valve 
leaAeLS or associated chordae tendineae and pap
illary muscles is a relatively "m.· disorder in the 
dog but is probably the most common congeni
tal cardiac defect reported in the cat (Liu, 1977). 
The affected valve cusTs are often thickened and 
incomplete closure 0 the v.:ah·c during systole 
resulLS in regurgitation of blood into tbe left 
atrium. C lin ical signs of left-sided congeni\'c 
heart failure de\'elop :u an early age (in most 
cases before 6 months of age). German shep
herds. great Danes, bulldogs. bull terriers and 
chihuahuas appear predisposed with a higher 
incidence in males (Mulvihill and Priester, 
197) . 

TIle pathophysiology :md clinical signs of 
mitral dysplasia arc simil.:ar to Ihose of severe 
decompenuted acquired mitnl insufficiency. A 
harsh holosystolic murmur is present over the 
left atrioventricular \':llve. Electrocardiognphy 
shows changes consistent with left atrial and left 
ventricular enlargement and arrhythmiu are com
mon. Radiognphie abnorm;llitk-s include general
ized or left-sided cardiomegaly (Ihe left atrium 
in particular is often markedly enlarged) and 
pu lmonary venous congestion or oedema. 
Echoc.:ardiognphy may demonstrate thickened or 
fusc.-d mitral vah'e leaneu and wide excursions of 
the \'alve leanet.5 during systole and diutole 
(Bon;lgura, 1994 ). Initially, fr:tctional shortening 
may increue :u: the preload incre:ues but e\'entu
ally chronic volume overload leads to dilation of 
the left ventricle .:and a progressi\'e decrease in 
myocardial contr:actil it}" 

The prognosis for mitnl dysplasia is poor. 
Medical managemcnt of the congestive he3rt 
failure in the form of a low s:ah diet, c:lrdiac 
glycosides (if myocardial eontnctility is 
imp:lired). diuretics :and v:asodil.;uors may reduce 
the volume of the regurgit'olnl fraction .:and tcm
ponril)' alleviate the clinie:al signs. Mitnl v:ah'e 
rep!.:acement with a biprosthetic \'alve is possible 
with cardiopulmonary byp:ass (White ~t al., 1995). 

",lIral stenosis 

Congenital mitr:al stenosis occurs infrequently in 
dogs of len in usociation with subaortic stenosisi 
Newfoundlands and bulllcrriefS appe.:arcd predis
posed (Lehmkuhl et al., 1994). A genetic buis 
m;ty exist in bull terriers (Lehmkuhl et al., 1994). 

Mitnl stenosis is usu:ally caused by thickening 
and fusion of the mitral vah'e le.:aflets resulting in 
obstruction to the Innsmitnl flow of blood. A 
diu lolic pressure gndient is cre;lled across the 
mitnl \'al\·e. Mean left atrial pressure increucs 
resu lting in left at rial enb.rgement :and pulmonary 
venous congestion. Clinic.:al signs include cough
ing, dyspnoea, exercise intolerance and syncope. 
Unlike humans where mitnl stenosis is usually 
associated with a low-grade diastolic murmur, 
dogs wi th mitral stenosis often have a murmur 
typical of mitral regu rgitation since most 
dogs develop concurrent mitral insu ffi ciency, 
Radiognphs show pronounced left atrial enlarge
ment. Supr:aventricular arrhythmias arc relatively 
common and cchocardiography reveals abnormal 
diutolic motion of the mitral valve and thickened 
"al\'e cusps with poor leaAet sepantion. Eeho
cardiography may also detect di:u:tolic doming of 
lhe septal mitnl \'alve leolflet into the left ventricle 
in some dogs. 

Dogs showing signs of congestive heart failure 
should be managed medic;llly. Vasodilators and 
diuretics should bt used cautiously since they 
may le;td to hypotension (Lehmkuhl et al., 1994). 

TricuspId valvB dysplasIa 

Tricuspid dysplasia is less common than mitral 
dysplasi:a, the highest incidence occurring in m:ale 
large breed dogs (great Danes, German shepherds, 
Labndor retrievers and wcimar;lners appear to be 
predisposed). In cats, tricuspid dyspl:u:ia is the 
second most common congenital defect next to 
mitral dysplasia (liu, 1977). A harsh. regurgitant 
holosystolic murmu r is present o\'er the trucuspid 
valve region r:tdiating across to the left side. 
Tricuspid regurgitation eventually leads to right 
ventricular volume overload and signs of right
sided congesti\'e hc.:art failure. A jugular pulse may 
be present in severe cases. An ECG may show 
changes consistent wilh right atri;ll and right ven
tricul.:ar enlargement. Radiographic e\'idence of 
tricuspid tegurgit;ltion (right-sided cardiomegaly 
and an enl:a rged caudal ven:a eav:a) is usually 
present. Echoc;lrdiography may show flmened or 
paradoxical sept:al motion and can be used to con
firm right alrial and right ventricu!.:ar dilation. 
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• Cor tr iatrlatum dexter 

Cor triatriatum dexter is a rare congcnital mal
formation resulting from abnormal embryonic 
development of the heart. Persistence of the 
valve o f the sinus venosus results in the parti 
tioning of the right atrium by the membT:l.nous 
valvular rcmM.nt into twO chambers. Thc cra
nial chamber normally receives blood from the 
c(;lnial vena cava and communicates with the 
right ventricle via a normal tricuspid valve; the 
caudal chamber receives blood from the caudal 
vena cava and communicates with the cranial 
chamber only via a small orifice. Affected dogs 
therefore tend to present with a type of right 
heart fai lure characterized by :.tScites and portal 
hypertension. Thc occasional dog may remain 
asymptomatic (Brayley et a1., 1994). Definitive 
diagnosis o f cor triatriatum is based on the 
results of echocardiography and non-stlective 
angiocardiography. Selective cardiac cathctcriza
tion and pressure studies may demonstrate a 
pressure gradient between the caudal vena cava 
and right atrium. Surgical removal o f the anom
alous septal remnant may result in resolution of 
clinical signs. 

• Persistent right aortic arch 

A persistent right aortic arch is the most common 
vascular ring anomaly reported in dogs. The 
oesophagus becomes entrapped within a ring 
formed by the persistent right aortic arch, the left 
li!;2mentum arteriosus, the main pulmonary 
artery and the base of the heart. The highest 
incidence of vascular ring anomalies occurs in 
German shepherds and Irish setters and the con
dition may be heredit"ary in these brlocds. Affected 
animals arc usually stunted and thin when first 
presented . Food is regurgitated shortly after 
weaning and aspiration pneumonia may result in 
fever and respi ratory signs. 

A plain lateral thoracic radiogr"'ph may show 
a dilated oesophagus and ventral deviation of 
the trachea cranial to the heart. On the 
dorsoventral projection the mediastinum may 
"'ppear widened with the descending aorta 
displaced to the right. A barium swallow can be 
performed to confirm constriction of the 
oesophagus over the heart base and dilatio n of 
the oesophagus cranial to the stricture. The con
dition is managed surgically by separation of 
the vascular ring. 
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I MANAGEMENT OF HEART FAILURE 

Understanding the pathophysiology of heart 
failure is the key to a logical approach 10 medical 
management. Many o f the compensatory neuro
hormonal mechanisms which arc activated in 
heart fai lure, with time, become detrimental to the 
animal with compromised card iac fu nctio n. This 
is particularly true when adaptive changes occur 
which lead to the renin-angiotensin system and 
the sympathetic nervous system acting in an 
unopposed manner and give rise to signs of 
circulatory congestion and low o utput. 

Many treatment strategies are similar regardless 
o f the underlying cause of heart failu re. Their aim 
is to protect the heart from the detrimenlal effects 
o f the compensatory mechanisms which operate 
in chronic heart fai lure. Nevertheless, an under
standing of the underlying disease process is 
important. In some cases this condition may be 
amenable to surgical correction (for example 
patent ductus arteriosus, pericardialeffusion), but 
where this is not the case, diagnosis of the disease 
process will allow the most appropriate drug 
treatment lO be prescribed. as described below. It 
is important to remember that medical therapy 
does not correct the ul timate underlying cause, 
but merely temporari ly redresses the balance of 
neurohormonal mechanisms so that congestive 
signs arc controlled and the patient'S quality of 
life improves. As the underlying disease pro
gresses (as often happens) this becomes more 
difficult to achieve and the animal event ually 
becomes refractory to treatment. 

I General medical strategies lor the 
management of heart failure 

It seems ob\'ious that if an o rgan is failing, the 
work load it has to perform should be reduced. 
Rest should be an integral part of any treatment 
plan for a heart failu re patient. Reducing the level 
of activity of the an imal will reduce tissue perfu
sion requirements and therefore cardiac work 
load. Work load of the heart can also be reduced 
pharmacologically, Since IllOst cases require a 
combinatio n o f drugs consideration should be 
given to any drug incompatibilities. 

• DlureUcs 

Diuretic therapy is fu ndamental lO the medical 
management o f congesti\'e heart fai lure (Michell, 
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1988a). Th~ b:uic lim of using these drugs is to 
oppose the compcnSltOry mechanisms which, by 
stimulating retention of sodium and water, elevate 
central venous and cardiac filling pressures. By 
lowering cardiac fill ing pressure, diuretics reduce 
cardiac preload and thus the wo rk of the hClrt 
muscle. It must be rcmembered, howe\'cr, that 
reducing c;lrdiac filli ng pressure could pOlentillly 
reduce the force of cardiac muscle contraction. 
Judicious usc o f d iufetics will bc benefi cial in 
those pltients who arc operating o n the relatively 
fl at port ion of the cardiac function curve (Fig. 
34 .30) wllere the fall in cardiac filling pressure 
occurs with liulc o r no decrease in cardiac o utput. 
It is also important 10 realize that d ietary salt 
restrictio n and drugs with a venodilator action 
will also reduce cardiac filling pressure and will 
act synergisticall y with d iuretics. 

O ther benefi cial actions o f diuretics include 
fluid mobilizatio n from blood vessel w:alls whicll 
increases their compliance and their responsi\'c
ness to vasod ilato r drugs. In addition, some 
diuretic drugs (most notably frusemide) arc 
thought to have a venodilator actio n o f their o wn, 
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part icularly when administered by the intra
venous route. 

The site of action of the d iuretic drugs used in 
the treatment o f helT! f:l ilure is the nephro n where 
tubular transport processes for reabsorption of 
sodium lfe inhibited. The potency of these drugs 
as diuretics lnd the side effects (i n terms of elec
trolyte and acid- base disturbances) which result 
from thei r usc, depends on their site of actio n 
within the nephron. 

Potassium-losing diuretics 

Frusemlde 
Frusemide is the only loop diuretic which is 
licensed for veterinary usc. By inhibiting the co
transport of sodium, potassium and chloride ions 
in the loop of Henle, loop diuretics are the most 
efficacious diuretics available. being capable of 
stirnul:tti ng the loss of up to 20% of the filt ered 
IO;ld of sodium ions. Loop d iuretics also pro mote 
loss of pOlassium, magnesium and calcium in the 
urine. Excessi" e loss of potassium lnd magnesium 
may ha"e detrimental consequences for other 
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FIIIUr! 34.30 Schematic representat ion 01 the cardiac function curve of an animal in Siage 3 heart failure who is 
showing signs 01 circulatory congestion with normal activity (curve III, solid line). Therapeutic measures (diuretics, 
vasodilation) to reduce cardiac filling pressures, if used judiciously, may moYf the patient from point X to point Yand 
hence rel ieve signs of congestion wilhoulleading to problems 01 tow output at rest. Indeed. the reduction in wall ten
sion which results from treatment may allow the heart to lunction more efficiently at lower tilting pressures, moving 
from point X to point W as the cardiac function curve shifts upwards and 10 Ihe left. If dlurelics and vasodilalion are 
used in an overzealous fashion, fill ing pressures will be excessively reduced (moving 10 poinl Z) leading 10 problems 
of low output even at rest 
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drug therapies, for cxample cardi.ac glycosides and 
certain .antidysrhythmic drugs. Frusemidc can be 
:administered orally o r parenter:tlly. In c.ases of 
severe pulmonary O«fema due to left-sided 
hean failu re, the intr:lvcnous administration 
of frusemide (up 10 i mg kg-I) is indicated. 
Frusemide is thought to have venodilator actions 
on the pulmonary vasculature which occur more 
rapidly than its natriuretic effects and these con
tribute to its therapeutic action in the manage
ment of cardiogenic pulmonary oedema. 
Following intravenous administration, the onset 
o f action of frusemide peaks at 30 min and returns 
to baseline within 2-3 h. When administered 
o rally, the absorption of frusemide from the intes
tine o n be variable in terms of r:tte and extent. 
This may be affected by the fo rmulation of the 
preparation, the individual animal :md the degree 
of congestion in the intestin :!.1 circul:uion. It is 
imponant to recognize that the dose required 
varies for each individual patient according to it.s 
physiological state and to the pharmacological 
eHern of concu rrent ther:tpies (vasodilators, 
dietary salt res triction and other d iuretics) which 
may be employed (Fox, 1992). In general, cats are 
more sensitive to fruscmide than are dogs and 
unless lower dosages arc used in the cat serious 
side effects may result. 

Hydrochlorothiazide 
H ydrochlorothiazide is a thiazide diuretic 
which works by interfering with sodium trans
pOrt in the early distal tubule and is capable of 
causing excretion of up to 10% of the filtered 
load of sodium in the urine. Excessive loss of 
both potassium and magnesium in the urine will 
occur with thiazide diuretics but the)' reduce 
urinary loss of calcium. H ydrochlorothiazide 
can be administered by intramuscular injection 
or orally (2-4 mg kg-I). The absorption of 
orally administered drug will be affected by the 
state o f the intestinal circulation and in cases of 
refractory right-sided hean fai lure, parenteral 
2dminisrration may be mo re successfuL The 
dUr.ltion of action of hydrochlorothiazidc is 
longer than frusemide with effects being cvidcnt 
for up to 12 hours after administration. 

Adverse e",;Is 01 potlulum·lollng dlurellcs 
Overzealous use of diuretic drugs will lead to a 
fall in cardiac output 2nd arterial blood pressure 
due to excessive reduction in cardiac fi ll ing pres
sure. This will lead to clinic:!1 signs o f dehydr.l
tion, weakness due to poor muscle perfusion, and 
azot2emia due to reduced renal blood fl o w :!nd a 
consequent decrease in glomerular fi ltration rate. 
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In addition, panicularly in animals which are 
anoreetic, excessive potassiu m loss in the urine 
can result in hypokalaemia. This may contribute 
to the stale of muscle weakness, cause gastro
intestinal and renal problems, predispose to the 
dcvelopmem of cardiac arrhythmias and cnhance 
the toxicity o f cardiac glycosides (Brobst, 1986). 
Monitoring plasma potassium and urea concen
tra tions in animals o n diuretic ther.lpy is good 
clinical practice as it allows early correction of 
hypokalaernia and prcrenal azotaemia. H ypo
magnesaemia m2y contribute to the adverse 
eHeelS of loop and thia.zide d iuretics although less 
info rmation is available from veterinary paticnt.s 
(Cobb and Michell, 1992). The animals most sus
ceptible 10 these problems 2re cats which 2re often 
anorectic and azotacmic on presentatio n and 
become dehydrated very rapidly when challenged 
with potent diuretics (panieularly frusemide). 
Provided appeti te remains reasonably good, 
diuretic-induced hypokalaemia is less likely 10 be 
signifi cant. 

PotaSSium-sparing diuflUcs 

These drugs are relatively weak diuretics when 
used alone as their site o f action is in the late dis
tal tubule of the nephron (they promote the Joss 
of < 5% of the filtered load of sodium). If com
bined with frusemide or thiazide d iuretics they 
will reduce potassium loss stimu lated by such 
drugs. Spironolactone (an aldosterone receptor 
antagonist), amiloride and triamtcrene (which 
block sodium entry into distal tubular cells via 
aldosterone-mediated pathways) are potassium 
sparing diuretics used in human med icine. These 
drugs will also reduce magnesium loss in the 
urine. Combined preparations o f thiazides and 
these drugs arc available. It sho uld be remem 
bered that angiotensin converting enzyme 
(ACE) inhibitors (sec vasodi lato r drug therapy) 
also reduce aldosterone secretion and so can be 
considered po tassium-sparing diuretics. It is no t 
recommended that conventional potassium
sparing diu retics ue used with ACE inhibitors 
since hyperkalaemia could result. Dietary pOtas
sium supplementation is an alternative strategy 
to prevem hypokalaemia resulting from the usc 
of po tassium -losing diuretics. 

• Vasodilator drug therapy 

The r.uionale behind using vasodi lator drugs in the 
management of heart failure is to reduce the work 
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load on the faili ng heart both by decreasing exces
sive cardiac filli ng pressures (by rroucing preload; 
venodilat ion) and by reducing the resis t:mce .. gainst 
which the heart has to work to pump the blood 
around the circulation (by n:duci ng after load; arte
rial vasodilation). The usc of these d rugs is an 
attempt to restore the balance between vasocon
strictor neurohormonal mechanisms activated by 
poor cardiac func tion and the natural \'asodil:uor 
mechanisms which arc red uced in chronic heart 
failure. The balance is delicate since excessive pre
load reduction may result in poor cardiac output 
once the cardiac tilli ng pressure is reduced to the 
steep pan of the cardiac fu nction curve (sec Fig. 
34.30). Excessive afterload reduction may reduce 
arterial blood pressure to such a level that tissue 
perfusion is reduced and clinical signs of hypoten
sion result. Vasod ilatordrugs are classified accord
ing to whether they act primarily on arterioles 
(arteriolar dilators), \'eins (venodilators)or o n both 
sides of the circulatio n (balanced di lators). 

Arttlrlolar dilators 

H ydralazine has a spasmolytic effect on arteriolar 
vascular smooth muscle, the precise mechanism of 
action of which remains unknown. In velC~rinary 
medici ne it has been most successfu lly used in the 
management of dogs with rni tn.l regurgitation 
(Kinleson et ar, 1983). By loweri ng systemic 
\'ascular resistance (arterial dilation) with 
hydrala7.ine, the aim is to enCOU r:l.gc blood 10 fol
lo w the normal pathway from the left velllricle 
rather than regurgitating through the mitral vJ.lve, 
thus increasing tbe forward flow through the aorta. 
Ideally, dogs given hydralazine should be hosp;
l'a li7.ed and moni tored closely. Following oral 
admi nistration, thc onset o f action of hyd r;1 lazine 
is 30-60 min with peak effect at 3-5 h and duration 
of effect for 11-13 h. The dose o f hydralazine 
required varies between individual dogs and asIan
ing dose of 0.5 mg kg-I every 12 h is recommended 
and this nn be increJ.sed to effect up to 3 mg kg-I. 
Effective treatment wi ll resul t in improvement o f 
mucous membrane colou r, capillary refill time and 
arterial pulse pressure in addit ion to resolvingsigns 
of circulato ry congestion. The decrease in arterial 
blood pressure which occurs with effective treat
ment is subclinical but may cause reflex activatio n 
of the sympathetic neTYOUS system ;1nd the 
renin-angiotensin-aldosterone systems. Com
bined usc of hydralazine with diuretic therapy will 
prevcnt excessive sodium and water retention 
occurring in response to the small fa lls in arterial 
blood pressure which occur with effective doses of 
hydralazine. Weakness, lethargy and tachycardia 

indicate an excessive decrease in peripheral resis
tance resuiting in clinical hypo tension and these 
signs will occur with o\'erdosage. Some 20-30% of 
dogs treated with hydralazine sho w signs of \'om
iting and ano rexia which may be intractable, thus 
forcing withdrawal of the drug. These side effects 
may account for tile unpopularity of this media
lio n in veterin:lry m('(\ieine. 

Venodllator drogs 

Organic ni trates arc routinely used in human 
mcclicine for the treatment of angina, where 
reduction of venous return and cardiac preload 
relie\'es angina attacks by reducing the work and 
therefore oxygen demand of the ischaemic 
myocardium. Glyceryl trinitrale (n itroglycerin) is 
taken suhlingually in human pat ients 10 avoid 
the excessive first pass hepatic metabolism which 
follows gastrointcstinal absorption of the d rug. 
Alternatively, the percutaneous ro ule o f adminis
tration can be used. This is the route recom
mended fo r use in dogs and cats where the drug is 
applied in ointment form to shaved o r hairless 
areas of skin (gloves should be worn when admin
is tering the drug). Dosing is empirical at a rale of 
0.5-5 cm e\'ery 6-8 h. No pharmaco kinetic 
studies have been performed in dogs or cats to 
determine the bioavailability o f glycer}'l trinitr:lle 
fo llowing percutaneous administration and the 
efficiency of absorption across dog skin has been 
questioned (Delellis and Kittleson. 1992). l inle 
inform:ltion is available concerning the usc of the 
orally active o rganic ni trate, isosorbide d inirrau: 
in the dog and cat. Continuous usc of these drugs 
in humans results in tolerance (Parker, 1992). 

BalanCBd vasodilators 

Sodium nitroprusside 
Sodium nitro prusside is a potent arteriolar and 
"enoclilator drug with a similar mechanism o f 
action to the organic nitrates. It has a very short 
duration of action and is admininered by contin
uous intravenous infus ion stJ.ning :11 an initial 
infusion tate of 1- 5).1g kg-I min-I. It reduces pul
monary and systemic vJ.scular resistance decreas
ing ventricular filling pressure and is most useful 
in the management of acute, life-threatening 
eardiogenic pulmonary oedema. The dose can be 
titrated upwards to effect whilst monitoring arte
rial blood pressure since excessive falls in arterial 
blood pressure arc an indiction of overdosage. 
The effects arc reversed within 1- 10 min o f slow
ing the infusion rate allowing fine control of the 
drug's effects. Since dcli\'ery of the drug requ ires 
accurate control at a low rate of fluid adrninistra-
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tion, an infusion pump should be used. In dogs 
with severe cardiac failure resulting from poor 
systolic function (di lated cardiomyopathy), a 
drug providing positive inotropic suppon (for 
example dobutamine) is required in addition 10 

sodium nitroprusside, otherwise the reduction in 
preload caused by venodilauon may result in a 
precipitous fall in cardiac output. Intravenous 
infusion of sodium nitroprusside should not 
exceed 48 h since toxic metabolites (thiocyanate) 
build up in the circulation. Infusions should be 
stopped gndually rather than abruptly to prc,'ent 
rebound increases in vascular resistance and 
cardiac filling pressu res. 

Pmosin 
Pnzosin is a balanced vasodilator drug which can 
be given onlly to dogs. It is an alphat-selective 
:l.drcnoceptor antagonisl which blocks excessive 
sympathetic stimu l3.tion of vascubr alphat-
adrenoceptors without affecting the autoinhibi
tion of noradrenaline release by presynaptic 
alpha1-adrenoceplOrs. The recommended dosage 
is I mg tid for dogs weighing less than 15 kg and 
2 mg tid for dogs weighing more than 15 kg. In 
humans and experimental animals, although pra
zosin is very effective initially, with repeated dos
ing. its eff~ets ~come auenuated, possibly. as the 
renm-anglOtensln system assumes greater Impor
lance in regulating vascular tone. 

Angiotensin convertIng enzyme Inhibitors 
Given the effects of angiotensin II which are cen
Inl to the pathophysiology of chronic he3.n fai l
ure, the effects of drugs which inhibit the formation 
of angiotensin II by inhibition of angiotensin con
vening enzyme (ACE) are predictable. They are 
balanet:d vasodilators and will enhance the excre
tion of sodium and water by reducing circulating 
levels of aldosterone and ADI-I; thus they have a 
potassium-sparing diuretic effect. Angiotensin 
convening enzyme is also responsible for the 
breakdown of the natural v:lSodiiator, bT3dykinin 
and some of the effects of ACE inhibitors can be 
attributed to potentiating bradykinin. Their effects 
on the vasculature art' less profound and slower to 
uke effect when compared to hydralazine and 
nitroprusside (Kittleson et al., 1993), hence these 
drugs are preferred 10 the ACE inhibitors when 
dealing with cases of life-threatening pulmonary 
oedema due to left-sided hean failure. Indeed, 
clinical signs may continue to improve for sevenl 
weeks in human hean failure patients on ACE 
inhibitors and multicentre controlled clinical trials 
in veterinary medicine suggest that the same is true 
in veterinary medicine. Small but significant effects 
have been demonstrated on survival time of dogs 
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with dilated cardiomyopathy and mitral valvular 
heart disease treated with enalapril (COVE Study 
Group, 1995) 

Capropril was the first ACE inhibito r to be pro
duced.1t contains a sulphydryl group which c:tuses 
cenain side effects which arc common to sul
phydryl compounds, namely alterations in taste 
perception, proteinuria and drug-induced blood 
dyscrasias Qaffe, 1986). The recommended dosage 
is 0.5-2.0 mg kif' three limes daily. Oral absorp
tion is reduced by food. Exceeding the upper limit 
of this dose gh'es no further beneficial therapeutic 
effect but increases I he drug's toxicity. A ngiolensin 
II may maintain glomerular filt ration pressures in 
the face of poor renal perfusion by constricting the 
efferent arteriole more than the afferent aneriole. 
Removal of this protective mechanism may pre
cipitate acute renal fai lure in some paLients with 
subclinical, pre-existing renal dysfunction. Hence 
blood plasma urea and ere:l.tinine should be deter
mined in animals before and afler they are PUI on 
ACE inhibitors. As with other vasod ilator drugs, 
hypotension is a possible side effer;:!, panicularly if 
used in combination with high doses of diuretics. 
In humans, ACE inhibition has been assodated 
with a drug-induced r;:ough. 

Enatapri/ is :tn ACE inhibitor with significant 
advanl'ages over captopril (Allen t'r al., 1987). It 
docs not possess a sulphydryl group and so lacks 
the associated side effects mentioned above. It is a 
pro-drug, the active form being a metabolite, 
enalaprilat, formed by the liver. The onset of action 
is slower than captopril and its duration of effect 
is longer (12- 14 h). Recommended dosing in dogs 
is 0.5-1.0 mg kg-' evcry 12- 24 h and in cats is 
0,25 mg kg-1 every 12 h. Side effects arc those associ
ated with ACE inhibition described above for 
caplOpri!. 

Bellazepril is an ACE inhibitor recently lir;:ensed 
for veterinary use. It shares many propenics with 
enalapril, lacking a sulphydryl group and being a 
pro-drug. In addition, the excretion of the active 
metabolite fro m the body occurs both in the bile 
and the urine. This contrasts with enalapril, which 
is eliminated in the urine onl y where dose adjust
ment may be necessary in animals with significant 
impairment of renal function. The recommended 
dose rate of benazepril for the dog is 0.25 to 0.5 
mg kg-' orally every 24 hours. Currently, there is 
no authorized dose rate for r;:ats. 

I Drugs which allar tha IDrca DI cardiac 
muscle contraction 

In cardiac failure due to poor myocardial systolic 
function, administr:ttion of drugs which inr;:rease 
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the force with which the cardiac muscle contracts 
s«ms a logical mategy to adopt. Such drugs 
should increase stroke volume, reduce end-sys
tolic ventricular volume :md reverse the neuro
hormonal reflexes which occu r in response to 
poor cardiac OUtput, thus allowing the heart to 
functio n more efficiently at lower filling pres
sures. A counter argument might, howe\'er, be 
that in myocardial systolic failu re the heart 
muscle should be rested not stimulated to con
tract more forcefully (Michell, 1988b). In some 
cases of heart failure (for example du ring the early 
stages of \'alvular heart disease), myocardial sys
tolic function is normal and the administration of 
positive inotropic agents would seem unneces
sary. In o ther situations, disorders of myocardial 
relax:uion are responsible for the failure of card iac 
function (for example hypertrophic cardio my
opathy). Here, drugs which incre3.5e the fo rce of 
contraction arc inappropriate and drugs which 
enhance the ability o f cardiac muscle to relax are 
indicated. 

POS/liVB InotropiC 'gBnts 

An ideal positive inotropic agent should increase 
the force of contnction of cardiac muscle at a 
given degree of end-diastol ic slfetch without 
reducing efficiency of energy use. increasing the 
heart nte o r predisposing to cardiac arrhythmias. 
The drug should also lack vasoconstrictor action 
on peripheral blood \·esscls. 

Drugs which enhance myocardlallnlracellular cyclic 
AMP concentration 
Beta-adrenergic agonists and phosphodiesterase 
type IIII1V inhibitors will both raise intracellular 
cyclic AMP and increase myocardial conlractility. 
The synthetic cate<:holamine. dobutamine is the 
beta-adrenoceplOr agonist of choice since it has 
sclective action on beta l adrenoceptors and at 
dose ra tes which increase the force o f contraction 
(3-7 ~g kg-1 min-I). it has minimal effects on hem 
rate and no vasoconstric tor effects. It is used in 
the intensive care of severe myocardial systolic 
fa ilure. It is rapidly taken up and metabolized by 
the tissues and has to be giv~n by continuous 
intravenous infusion. the rate of which should be 
accurately controlled by an infusion pump. 
Continuous ECG monitoring is required to 
detect increases in heart nte and the onset of 
arrhythmias which arc indicative o f toxici ty. 
Some studies in human medicine have suggested 
long-term benencial effects even fo llowing brief 
dobutamine infusions (Laing rr at., 1984). Similar 
studies have not bttn reported in veterinar)· med-

icine and the COSt of the drug may be prohibitive 
for many pat ients. 

The bypyridine compounds amrinone and mil
rinone (phosphodiesterase type IJII1V inhibitors) 
were heralded as having great promise o n their 
introduction. being potent posit ive inotropcs 
with little effe<:t o n heart rate and possessing mild 
arteriolar vasodilator activity (Colucci et al., 
1986). Indeed, initial studies o f the use of milri
none in dogs with systolic fai lure (which is orally 
active) proved promising (Kinleson CIII!., 1985b. 
1987; Keister t't al., 1990). Unfortunately, no 
placebo-controlled trials have been performed in 
veterinary medicine and human studies have 
shown a detrimental effect of milrinone on long
term survival in patients with chronic cong~stiv~ 
hean fai lure (packer et al., 199 1). Such findi ngs 
cast serious doubt on the future of such drugs. 
Indeed, it has been suggested that any drug which 
produces its positi\"l.~ inotropic effects by raising 
cyclic AMP in the myocardium will have long
term detrimental effects (Packer, 1992b) in the 
same way as chronic exposure of th~ myocardium 
to high concentrations of catecho lamin~s is 
thought to be toxic (Mann et al., 1992). 

Cardiae glyeosldes 
Controversy o\'er the us~ of this group of drugs in 
the management of heart fa ilure has been present 
in the literature of both human and veterinary 
medicine for many years, yet their popularity 
among clinicians survives (Lewis, 1990; Snyder 
and Atkins, 1992). Most would agree that the 
primary indication fo r cardiac glycosides is in 
the management of supraventricular tachycardia. 
particularly where this co-exists with systolic 
myocardial dysfunction, as is often the case in 
dilau.-d c.udiomyopathy in dogs. The controversy 
surrounds their use in heart failure patients which 
are in normal sinus rhythm and results of large
scale controlled trials in human med icine are o nly 
beginning to be reported (Packer el a!., 1991). 

The classical actions o f cardiac glycosides on 
the failing heart are to increase the force of con
traction of the heart muscle and decrease the heart 
rate via a number o f both central and peripheral 
effects which result in increased vagal tone 10 the 
heart. In add ition, other reflex effecu occur 
which inhibit both sympathetic nerve and 
renin-angiotensin system activity. The ability of 
the drugs to increase the sensitivity of cardiac and 
arterial baroreccplors so that they respond to 
lower pressures I~ading to a reduction in sympa
thetic tone may underlie these benencial circula
tory effects which arc now thought to occur 

AvlC'rsko ;..as. !e'lO gradivo 



ind~p~nd~ntly of any pOS ltlV~ inotropic action 
(F~rguson ct at., t 989). Th~se effects give sound 
reasons for employing cardiac glycosidcs in heart 
failure patients where syslOlic muscle fu nction 
is not affected (such as valvular heart disease) 
"lthough al ternative means of achieving these 
effects now exin (for example ACE inhibitors). 

Digoxin is the only cardiac glycosid~ which 
currently is readily available for use by the veteri
nary practitioner. The narrow therapeutic index 
of glycosidcs means that the: digoxin dosage 
should be accurately calculated for each animal. In 
dogs, less than 20 kg a dose of 0.00>-0.01 mg kg-I 
bid is recommended whereas dogs greater than 
20 kg in weight should receive 0.22 mg m-l bid (a 
lOul dose: of 0.25 mg bid should not be exceeded). 
The dosages should theoretically be based on lean 
body weight. Dosing on a twice daily basis pre
vents large peaks and troughs in plasma concen
mtion. The half-life of digoxin in the dog is 
reported to be 2}-)9 h. In the cat, a dose of 
0.01 mg kg-I every other day is recommended and 
a )0% r~duction should be made if aspirin and 
frusemid~ are administered concurrently (Atkins 
cl al., 1988). Ren,,1 ~xcretion of digoxin is an 
important route of elimination and reduced ren,,1 
function will le"d to toxicity occurring at these 
dose: rates. Food will rt'<!uce the: rate of absorption 
of digoxin from the g:ulrointcstinal tract and the 
absorption characteristics will vary from one for
mulation to another. Use of digoxin can be hcili
t:ned by monitoring serum levels of the drug 
which should fall between 1.0 and 2.5 ng ml-I. 
This therapeutic r:lng~ should be achieved within 
three to five half-lives of starting therapy (that is 
within ) - 5 days). R"pid digiulization by giving 
loading dos~s is r;uely necessary and is associated 
with a higher incidence of toxicity. 

Signs of digoxin toxicity (anorexia and vomit
ing) are due to the effects of the drug on the 
ch~moreceptor trigg~ r zone in the medulla. In 
addition, myocardial toxicity will r~sul t in cardiac 
arrhythmias, particularly of ventricul:lT origin. 
Unfortunately, myocardial toxicity can occur 
without gastrointestinal signs, particularly in dogs 
with myocardial systolil: failur~. Hypokalaemia 
and hypomagnesaemia caust'<! by diuretic therapy 
will enhance th~ toxicity of digoxin so blood 
plasma electrolyte conl:ent rations should be mon
itort'<!. Concurrent use of other drugs such as 
quinidine and verapamil will also increase the risk 
of toxicity, therefore a reduction in digoxin 
dosage should be made if these drugs are given 
in combination. In managing digoxin toxicity, 
electrolyte abnormalities should be corrected and 
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ventricular arrhythmias treated with lignocai ne 
(see below). 

NBII8tiveinotropBS 

It might seem somewhat illogical to suggest the 
usc of drugs which reduce the force of cardiac 
muscle contractility in an aninlal surfering the 
consequences of inadequate c"rdiac performance. 
However, if the effects of chronic stimulation of 
the myocardium by catecholamines are indeed 
harmful to the myocardium (Mann et at., 1992 ), 
drugs which antagonize th~s~ effects (beta-block
ers) may be beneficial. In addition, beta-blockcrs 
will rt'<!uce sympathetic stimulation of reni n by 
renal nerves, thus inhibiting angiotensin II pro
duction. The danger, however, in the short tcrm, 
is removal of positive inolTopic SUppOTt and a 
deterioration in hcart failure signs (low output 
and congestion). Nevertheless, encouraging 
resul ts have been product'<! from clinical studies 
in people with dilated cardiomyopathy where 
long-term usc of beu-blockers has produced 
positive effects on exercise tolerance and survival 
(Englenleier et at., 1985; Gilbert et al., 1990). 
Their usc in veterinary medicine in this disease has 
yet to be critically examined. 

In cases of heart failure due to diastolic dys
func tion (hypertrophic cardiomyopathy) the use 
of negative inotropes in the absence of signs of 
congestion is an accepted form of treatment. 
Here. beta-blockers have been the mainstay of 
treatment, reducing heart rate, systolic outflow 
tract gradients and myocardial oxygcn demand 
and so controlling myocardial ischaemia and 
arrhythmias. Any docu memed beneficial effects 
that beta-blockers may have on diastolic function 
(relaxation of the ventricular mu scle) are inconsis
tent and there arc theorctical reasons why beta~ 
blockers might impair relaxation of cardiac 
muscle. By contrast, the calcium channel blocker, 
diltiazem. has been shown to improve vemricular 
muscle relaxation time and is beneficial in the 
management of fel ine hypertrophic cardiomyo
pathy (Bright er at., 199 1). The recommended 
dosage of 05-2.5 mg tid proves problematical in 
the UK since the smallest tablet size available is 
60 mg. 

In conclusion, the medical management of heart 
failu re often involves the use of multiple drug 
therapy (part icularly in the chronic sugcs) in an 
attempt to allow the heart to function adcquatc:ly 
at lower filling pressures. Knowledge of the 
underlying disease process will assist in the sc:lec
tion of the most appropriate drug(s) and a basic 
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understanding of the pharmacology of thc drugs 
will allow drug interactions and toxicity to be prc
dicted, monitored for and avoided. 

OF CARDIAC 

Abnormalities in the generation and/ or the con
ductio n of electric:l.l impulses in the heart c:tn gi ve 
rise to :l.n ove(:l.lI reduction in the heart rate 
(bradyd ysrh Ylhmias) or a rapid heart rate (tachy
dysrhythmias). In both circumstanccs, cardiac 
function may be compromised. Slow rates 
(<50 bpm) lead to inadequate output despite a 
very large stroke volume and fa st irregular 
rhythms le:l.d 10 insufficient lime for adequate fill 
ing o f the hem during diasto le, thus giving rise to 
lo w stroke volume. In addition, tachycardias 
which encroach on diastole will reduce the time 
fo r myocardial blood flow and lead to ischaemia 
of the heart muscle. In ;my situation where cardiac 
(unction is already compromised, the develop
ment o f an arrhythmia will tend to lead to decom
pensation and resul, in clinical signs of heart 
failure. Severe arrhythmias may give rise to an 
acute decrease in cardiac output and poor perfu
sion of the brain lcading to loss of consciousneSS 
(syncope). It is important to remember that the 
presence of a cardiac arrhythmia does not neces
sarily indicate a primary cardiac problem; it may 
be an indication of a number of systemic prob
lems (for example electrolyte, neurological, 

g;utrointestinal disord(' rs and circul:uory shock of 
non-cardiac origin). 

In some circumstances. the underlying cause of 
the arrhythmia will be amenable to spC{:ific treat
ment or will be self-limiting and the arrhythmi;l 
will resolve without anti -arrhythmic drug treat
ment. In o ther cases, the effects of the arrhythmia 
may be life-threatening o r the underlying cause 
either cannot be d iagnosed or is not amenable to 
treatment. Here. symptomatic anti-arrhythmic 
drug therapy is indicated. It is important to recog
nize those situatio ns where cardiac arrhythmias 
may occur so that they can bc detected early and 
the patient can be monitored to determine 
whether anti-arrhythmic therapy is necessary. 

In the fo llowing discussion of the management 
of different cardiac arrhythmias, a brief overview 
o f the possible underlying causes is given fol 
lowed by practical decisions concerning therapy 
and the realistic goals of such therapy. The diag
nostic eleCtrocardiographic features of specific 
cardiac arrhythmias are described in Table 34.3. 

• Bradycardia 

SymplOnlatic bradycardia resuhs fro m problems 
or impulse generatio n in the sinus node and/or its 
conductio n from the atria to the ventricles. Both 
of these processes are influenced by the autO
nomic nervous system with the parasympathetic 
system slowing and the sympathetic system accel
erating impulse generatio n and conductio n. 

Table 34.9 Non-cardiac causes 01 symptomatic bradycardia and their management 

Cause 

Hypotllermia 

Hyperkalaemla 
Renal laiJure (ollgurlc) 
Hypoadrenocortlcism 
Severe metabolic acidosis 

NeurologICal dlsea$8S 
RaISed Intracranral pressure 
Meningoencephalills 

Drugs 
Alp~adrenoceptor agonist sedatIVes 
Sel, ..... drenoceptor antagonists 
calCIum channel blOCking drugs 
cardiac glycosides 
Phenothiallnl!s (eSpecially acepromazme) 

Managemenl 

Increase core temperature by administratIOn of warm fluids 

Diagnose and treat the underlying caLISe 
Promote urine output by giving potassium !lee In travenous nuids 
Emergency treatment to protect the heart II necessary (calcium gluconate. 
sodium bicarbonate. insulin and glucose) 

Diagnose and grve speed\(; trealmentlor tile underlying cause 
Alltlmuscarinrc therapy (e.g . atropine) to m(:lease lleart rale. 

SpecHlc therapy 
Alp~ adrenoceplor antagonists 
Seta·adreooceplor agonlsts 
Intravenous calcium gluCOfl,ue 
O~OXJfl antibodies 
At ropine 
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Non-Urdlac causas of bradyurdla 

Sinus bradycardia is often a normal finding in ath
l~tic dogs (50 bpm or bdow) :md is rarely moci· 
ated with clinical signs. Even in dogs showing 
signs o f vague illness, such as lethargy, which 
demonstrate mild sinus bradycardia, use of drugs 
which inc~:lSe the heart r:1te (for example 
atropine) docs not usually improve their behav
iour. Profound symptomatic bradycardia may be 
caused by a number of facton which do not 
invo lv~ organic cardiac dis~asc, some of which are 
shown in Table 34.9. In many cases it is an alter
ation in the balance between parasympathetic and 
sympathetic lOne to the heart which results in 
bradycardia so that therapy with antimuscarinic 
drugs (particularly where vagal tone is raised) 
or bera-adrenoceptor agonists is indicated. to 
increase heart r:1te together with supportive ther
apy such as intravenous fluids and warmth. It is 
important to co nsider the underlying cause before 
using such symptomatic therapy as it may not 
always be indic:lIed. For example, use of atropine 
to control bradycardia following the administra
tion of an alphaJ-adrenoceptor agonist may 
potentiate the transient hypertension which 
results after administration of such drugs to dogs 
and cats. Administration of beta-adrenoceptor 
agonists to increase the heart rate in a dog with 
bradycardia due to digoxin toxicity would 
inc~ase ,he potential for ventricular tachycardia 
to devdop. Thus, where possible, specific therapy 
should be administered. based on the diagnosis of 
the underlying cause. These extrinsic factors 
shou ld be considered before diagnosing the cause 
of symptomatic bradycardia as being due to 
o rganic disease of the sinoatrial node or of the 
conducting pathways in the heart (see below). 

Symptomatic bradycardia associated with 
orQan/c cardl,c dil8ase 

SIck sinus syndrome 
This term is used to describe idiopathic disorders 
of the sinoatrial node, where the animals show 
signs of intermittent sinus arres t, sinoatrial block 
or sinus br2dycardia. The subsidiary pacemakers 
fail to genente adequate escape rhythms. Some 
cases also show intermittent supraventricular 
tachyarrhythmias which may contribute to the 
clinical signs. This is a heterogeneous and impre
cisely defined group o f conditions rather than a 
single disease. Miniature schnauzers, pugs and 
dachshunds have been reponed as presenting with 
this syndrome but it has also been seen in mixed 
breed dogs. In the management of this condition 
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(see below), it is imponant to manage the brady
cardia first before treatment of the tachycard ic 
episodes can be undertaken safely. 

Persistent alrial standstlll (,Silent alrlum') 
I n persistent atrial standst ill the sinus node fails to 
generate electrical impulses and the hean rate is 
go\'erned by supraventricular, junctional or 
ventricular escape beats. This eondit ion is rare in 
dogs and calS and should be distinguished fro m Ihe 
potentially reversible sinoventricular rhythm 
which accompanies severe and life-threatening 
hyperkalaemia 

AtrioventrIcular bloet 
Failure or delay in the conduction of the sinoatrial 
impulse may be classified as first, second (Mobitz 
type I and I I) or third degree atrioventricular (A V) 
block (fable 34.3). In some cases, h~':lrt block can be 
intermittent and therefore more di ffi cu It to diagnose 
witho ut the use of a continuous ambulatory ECG. 
First degree A V block and Mobin. type I second
degree A V block are eommon in the dog :l.nd rarely 
signify intrinsic disease of the conducting system. 
They are easil)' abolished following exercise o r 
atropine administration (0.02-0.04 mg kif! i.m. or 
i.v.). Atropine may cause an initial increase in the 
severity o f the block (by a central action) but within 
10-15 min sinus rhythm results. By contr.l51, in the 
cat even low-grade heart block is an abnormal 
nnding and warrants furthe r investigation. 

Idiopathic persis tent hi gh-grade second-degree 
(Fig. 34.3 1) and complete (third degree) A V block 
(Fig. 34.32) occur in middle-aged orolder dogs and 
are oft en associated with clinical signs. These may 
consist o f weakness, exercise into lerance and syn
cope. In chronic cases signs of congestive heart fail 
ure may de\,t'lop. In some cases, underlying causes 
such as infiltrati\'e myocardial disease, hyper
trophic cardiomyopathy or bacterial endocarditis 
may be present. Idiopathic third degree A V block 
has been reported in the dog in associ:lIion with 
acquired myasthenia gnvis (H ackett ct al., 1995). 
iJ obvious o rganic heart disease can be identified, 
the prognosis is much worse than for idiopathic 
cases where no obvious pathological process can 
be detected. Drug toxicity (calcium channel block
ers, digoxin, beta-adrenoceptor antagonists) or 
eleetrolyte disturbances (hyperkalaemia) should 
be ruled out as possible causes of AV block. 

Medic,1 m,n,gement 01 symptomatic 
bradyurdl, due to organic heart disease 

Pacemaker implantation is the o nly long-term 
solution to animals exhibiting high-grade second-
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FIgure 34.32 Complete (third degree) atrioventricular 
heart block. The P waves present are not related to the 
ORS complexes which are abnormal and represent an 
idioventricular escape rhythm. 

degree or complete AV block, penistent atrial 
standstill , and many cases of sick si nus syndrome. 
In an emergency, heart rale can be besl increased 
by using beta-adrenoceplOr agonists such as iso
pren:l.line (10 ng kg-1 min-1) or dop:l.minc (2-
10 }-Ig kg-1 min-1), given by continuous intra
venous infusion. An oral dose rate o f isoprenaline 
has been described (5- 10 mg three 10 four times 
daily) but there is less scope for the clinician to 
control the effects of the drug. Dopamine is the 
preferred choice since it lacks the profound 
peripheral vasodilatation in skeletal muscle which 
occurs following isoprenaline administntion. 
Although these drugs can be life-uving in se\'ere 
cases before pacemaker implantation, their usc 
can be associated with the occurrence of venlricu
lar tachyarrhYlhmias. These should be controlled 
by Slopping the infusion of the drug and /lot by 
the administration of drugs which suppress ven
tricular arrhythmias (for example lignocaine) 
since such drugs will suppress the escape rhythms 
which mainuin some cardiac output in these ani
mals. 

Antimuscarinic drugs o ften fail to increase the 
he:l.rl rate in animals with heart block and atrial 
standstill since high vagal lone is not involved in 
the pathogenesis o f these arrhythmias. Junctional 

, 
I 

FIgur! 34.31 Second degree atrioventricu
lar heart block. Note the non-conducted P 

L waves and regular ventricular escape com
plexes, 

, 

escape rhythms may sometimes increase in rate 
when antimuscarinic drugs arc used and some 
dogs with sick-sinus syndro me can be managed 
chronically with such drugs. Test doses of 
alropine wi ll demonstr:lle those cases where such 
therapy may be worth trying. Onl preparations 
of anti muscarinic agents include propanthcline 
bromide (7.5-1 5 mg three times daily for dogs). In 
dogs with both brad ycardia and tachycardia, 
ad ministration of anti muscarinic drugs may 
worsen Ih e:: episodes of lachycardia as these drugs 
increase conduction through the AV node. In 
these C:l.ses, the bl'ad)'cardia should be managed 
by thc usc of a pacemaker and drugs which sup
press the supraventricular tachycardi:lo (sec below) 
can then be safely employed. The usc of pace
makers to lreat symptomatic br:lodycardi:los has 
been extensivcly covered by others (Sisson, 1989; 
Darke et aJ., 1989; Sisson et al., 1991b). 

• Tachycard ia. 
The si nus node can be driven by excessive stimu
lation of sympathetic tone to discharge :lo t a rate 
which begins to compromise cardi :loc function 
leading 10 sinus tachycardia. Rapid heart rates 
may also result from abnormalities in automatic
ity and or conduction which le:ld to cardiac 
arrhythmias. Electroph)'siological mechanisms 
involved in the pathogenesis of tachydysrhyth
mias include: 

• Ectopic foci. which reach thresho ld before the 
sin us nodal tissue causing premature beats or 
5u5t'ained tachycardia. 

• AJterdepolarizations. which occur in the 
re:: polariz.:lIion phase of a normal beat (hcnce 
are described as triggered aCli\·ity). 

• Re-entry which occurs when an electrical 
impulse circu lates around a conduction path
way, exciting the rest of the heart each time it 
does. If the circulation of a re-emrlnt rhythm 
is continuous, :I. sust:l. incd ectopic rhythm 
will de\'elop (for eXlmplc atrial fibri llat ion). 
Imerminent circulation will lead to paroxys
mal episodes of tachycardia. 
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A surface ECG d0e5 not distinguish which 
elemophysiological mechanism predominates in 
the arrhythmia but consideration of the cellular 
mechanisms respo nsible for arrhythmogenesis 
docs enable an appr«iation of the mechanism of 
action o f antidysrhythmic drugs. Fig. 34.33 sho ws 
a schematic diagram of the pathogenesis of tachy
dysrhythmias and the sites at which antidysrhyth
mic drugs act to su ppress such arrhythmias. 
Hypoxic, damaged heart tissue has a less negative 
resting membrane potential and hence could reach 
threshold and fire more quickly th:m the 5ino
atrial node and so, potentially, could give rise to 
ectopic foci. Catecholami nes will speed the rate at 
which the diastolic membrane potential driftS 
towards threshold and so can contribute to the 
generation of ectopic impulses. Triggered activity 
is thought to occur when cardiac muscle cclls 
become overloaded with calcium in their cyto
plasm. Hypoxia will reduce the efficiency with 
which calcium is extruded fro m the cytoplasm or 
pumped into intr:tcellular nores. Drugs, such 
as digoxin, will lead to cellular overload with 
calcium, hence their arrhythmogenic potential. 
Conditions which favour re-entry include a lo ng 
conduction pathway (stretched myocardium), 

0. .. 11 
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slow conduction (a low safety margin for conduc
tion leading to a unidirectional block .15 occurs in 
damaged, hypoxic tissue) and rapid repolarization 
(an eff«t of cat«holamine stimulation). 

Supravtmtricular tachydy!rhythml'$ 

Sinus tachycardia (heart rates greater than 160-
180 bpm in the dog and 240 bpm in the cat respec
tively) can occur in response to pain, fright, fever, 
anaemia, circulatory shock and hyperthyroidism, 
all 5tateS where sympathetic tonc to the heart 
increases and as a result, the rate of impulse gener
ation and conduction is enhanced. Drugs such as 
levothyroxine and bronchodilators 5uch as terbu
taline, if given in excess. may produce sinus tachy
cardia as a side effect. Treatment of the unde.rlying 
condition (or cessation of the offend ing drug) will 
be sufficient, in most cases, to reduce the heart 
rate and drug therapy is not usually necessary. 

Supraventricular tachydysrhythmias (Fig. 
34.34a-<l) develop, mOSt commo nly, in animals 
where there is stretch of the atria (part icularly the 
le(t atrium), fo r example, in dogs with dilated car
diomyopathy o r mitral valvular insufficiency, and 
in cats with hypertrophic cardiomyopathy. Some 
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Figure 34.33 Diagram illustrat ing the electrophysiological mechanisms involved in cardiac arrhythmogenesis and the 
sites at which antidysrhythmic drugs exert their actions. TI, transient inward current (afterdepolarization). 
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FlgUf1 34.34 Paper speed 25 mm So,; 1 cm mV·'. (a) Premature supraventricular contraction (arrow). The P wave 
associated with the premature OAS complex is absent and has been 'Iost' in the preceding T wave. (b) Paroxysmal 
supraventricular tachycardia. (c) Atriallibrillation. Note the irregular A-R intervals and rapid ventricular response rate. 
One ventricular premature complex is present. (d) Atriallibrillation. The R-A intervals are irregular and no visible P 
waves are present. 

congenital defects such as mitral and tricuspid dys
plasia, patent ductus aneriosus ;and ventricular sep
tal defect, which lead to atrial stretch, arc 
also associated with supr.wemricular tachydys
rhythmias. The larger the normal hean size of the 
animal, the more read ily supraventricular arrhyth
mias (panicularly atrial fibrillation ) will be sup
poned. Indeed, a r('{:ent survey has shown that in 
Irish wolfhounds the incidence o f atrial fibrillation 
is about 10% in ;apparently healthy animals 
(Brownlie, 199 1). Size, however, docs not appear 
to be the o nly factor involved as the S:tme survey 
found no cases of atrial fibrill ation in normal Old 
English mastiffs. 

Management 01 supraventricular tachydysrhythmias 
Most commonly, paroxysmal o r sustained atrial 
tachydysrhythmias (usually atrial fibrillation) arc 
associated with animals showing signs of conges-

tive heart fai lure. Management of these arrhyth
mias shou ld be part of the treatment of the heart 
failure since an uncontrolled hean ratc will lead to 

severe compromise of cardiac functio n. Digoxin is 
the drug of choice in the management of these 
cases (with the exception of re-entrant supra
ventricular tachycardia occurring in animals with 
ventricular pre-excitation syndrome. where it is 
contraindicated) since it is the only drug currently 
available which slows conduction through the A V 
node without reducing myocardial contractility. 
This is panicularly important in animals with 
poor systolic function ;as is the case in dilated 
cardiomyopathy. In severe cases o f congestive 
heart failure due to dilated cardiomyopuhy, it 
m;ay be desirable to give a more effective positive 
inotrope, such as dobutamine. Dobutamine, how
ever, will tend to increase conduction through 
the AV node, thus accelerating the \'entricular 
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response rate in atrial fibri llation. Concurrent 
treatment with digoxin will umd to reduce the 
ventricular response rate. If possible. slow digilal. 
ization is recommended (see earlier for dose 
rates). H igh load ing doses are dangerous, particu· 
larly in dogs which arc hypoxic and have poor 
myocardial contractility. 

Digoxin will not conven atrial arrhythmias 
into sinus rhythm but reduces the significance 
of the arrhythmia by slowing the vemricular 
response. The ideal ventricu lar rate which 
should be aimed for in the managemem of atrial 
arrhythmias has not been determined for the 
dog or cat. Most cardio logists would suggest 
that rates in excess of 160 bpm in the dog under 
examination conditions arc too high. Some sug· 
gest training the owners to record the hean rate 
at home using a stethoscope and suggest a target 
rate of between 70 :l.nd 110 bpm in the dog and 
80-140 bpm in the cal (H amlin. 1992a). Such 
he:l. rt rates c:m rarely be achieved by the use of 
digoxin alone. Measurement o f serum digoxin 
levels should be made after 5 days on mainte· 
nance therapy to ensu re that the therapeutic 
serum concentratio n of digoxin has been 
achieved but not exceeded. Add itio nal drug 
therapy may then be instituted in an aucmpt to 
reduce the hean roue funhe r. 

The seeond drug recommended for use in atrial 
arrhythmias is d iltiazem (0.5 mg kg· 1 three times 
d:tily for dogs, [Wice d:l.ily fo r cats). Di!tiazem is a 
calcium channel blocker which has eff«ts on both 
cardiac and vascubr smooth muscle. Conduction 
of electrical impulses through the AV node relics 
on slow ealcium ch:l.nnels and diltiazem slows 
conduction through the A V node. It has the 
potential to reduce cardiac muscle contractil ity, 
which partly depends on calcium entry during the 
cardiac action potential. Diltiazem is thought to 
have less of a negative inotropic effect when com· 
pared with verapamil, possibly because it also 
reduces afterload where:l.S verapamil is less eff«· 
tive in this respect. Both verapamil and d iltiazem 
reduce the excretion of digoxin which may neees· 
si tate a reduction in the dose of digoxin if com· 
bined with a calcium channel blocker. Calcium 
channel blockers arc the drugs of choice in the 
management of re-entrant supraventricul:tr tachy· 
cardia in animals with ventricular pre-exciution 
syndrome. Conversio n of atrial arrhythmias into 
a normal sinus rhythm h:l.S been reponed follow· 
ing the use of calcium channel blockers Oohnson, 
1984). The conversio n is short·lived in animals 
with underlying cardiac d isease unless therapy is 
maintained. The anerial vasodilator properties of 
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diltiazcm will also reduce afterload and enhance 
coronary blood fl ow during d ias tole. 

Beta.adrenoeeptor antagonists can also be used 
to reduce the ventricular response rate in cases o f 
supraventricular tachydysrhythmia. Propranolol 
is a non-selective beu-ad renoceptor antagonist 
which can be used fo r this purpose at an oral dose 
rate of 0.5-1 mg kg-I twice o r three times daily. 
The negative inotropic effect of propranolol wi ll 
be particularly marked in animals relying on sym
pathetic d rive to compensate for poor myocardial 
contractility. Beta-blockers, therefo re, should be 
used with cautio n in any ani mal with signs of con· 
gestive hean fai lure, particularly when poor sys· 
tolic function is likely to be the underlying cause. 
Cardioselective bcta·blockers have b~n pro· 
duced, with the main advantage that they show 
less tendency, compared with propranolol, to 
precipitate :l.Sthmatic attacks by blocking the pro· 
tective bronchodilator effect of circulating adren· 
al ine. Dose mtes are available for drugs such as 
atenolol and metoprolol but we currently lack 
experience with the use of such d rugs in veteri· 
nary medicine. 

It should be remembered that d igoxin, calcium 
channel blockers and beta·blockers all decrease 
conduction through the AV nodc \·ia different 
mechanisms and so will have a synergistic effect 
when administered together. When introducing a 
second drug, d ose monitoring o f the patient is 
necessary to ensure that excessive reduction in the 
hean rate does not occur. Recently, adenosine has 
been used in human medicine to conven unstable 
supraventricular tachycardia into sinus rhythm 
(Melio ct al., 1993) and the development o f drugs 
with favourable pharmacokinetics which are 
selective for cardiac adenosine receptors may, in 
the future, add to the thempeutic alternatives 
available for the management o f supraventricu lar 
tachyd ysrhythmias. 

With atrial tachydysrhythmias of sudden o nset 
fo llowing surgery or tmuma, where there is no 
sign of cardiomegaly or congestive hean failure. 
it may be reasonable to attempt to conven the 
rhythm into normal sinus rhythm. This can be 
attempted by the usc of quinidine or diltiazcm. 
Q uinidine has anti muscarinic properties and so 
may increase the ventricular rate initially before 
convening the rhythm back into sinus rhythm. 
For this reason, it is recommended to digiul ize 
the animal before auempring conversion with 
quinidine. When administering quinidine with 
digoxin, it should be remembered thu quinidine 
displaces digo}!.:; n from skeletal muscle binding 
sites so raising the serum concentr:llion of 
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digoxin. A 50% reduction in the digoxin dose is 
recommended under these circumstances. 

Animals (usu:tlly I:trge brC'ed dogs) with :ttri:tl 
fi brill:ttion where the ventricular response rate is 
relatively slow « 150 bpm) and where there is no 
evidence o f heart (ailure 2fe likely to develop 
problems eventuall y. When they arc nOl sho wing 
clinical signs it is reasonable to foll ow them and 
give no therapy, particularly as the o ptimum heart 
rate for a dog with atrial fi brillation has not been 
established . 

Ventricular arrhythmias 

Table 3".10 shows some o f the common clinical 
situations associated with ventricular arrh),th
mias. As can be seen, many cardiac and extra
cardiac conditions which compromise oxygen 
suppl y 10 cardiac muscle leading to ischaemia, or 
which incrc:tse sympathetic stimulation to the 
heart o r generate factors which arc toxic to the 
myocardium, commonly give rise to \'entricular 
arrhythmias. If cardiac muscle is abnormal or 
diseased in some way the chances of arrhythmias 
develo ping and being sustained arc greater when 
compared to animals with a normal myocardium . 

It is important to distinguish bcrween venlricu
lar escape beats (Fig. 34.3 1) which occur due 
to fai lure of generation and o r conduction of 

impulses from the sinoatrial node (which arc pre
ceded by a pause) and ventricu lar prematu re con
tractio ns (Fig. 34.35a,b) which occur prematurely 
after the preceding sinus beat. Escape complexes 
should never be suppressed by the use o f antidys
rhythmic drugs. 

Having diagnosed the presence o f ventricular 
premature contractions (Vpes) o r bouts of ven· 
tricular tachycardia (Fig. 3".35c,d), the next deci· 
sion to make is whether or nOl drug treatmem is 
indicated to suppress Ihat arrhythmia. O bviously, 
where there is an underlying predisposing condi· 
tion (or which there is appropriate treatment then 
this should be administered (for example fluid 
therapy to treat hypovolaemic shock and/or to 
correct acid- base and electrolyte disturbances, 
oxygen therapy to Ireal hypoxia. blood mmsfu-
•• •• • Slon lO Increase oxygen-carrying C:tp:tCl ty In 

severe anaemia). It is important that plasma elcc· 
trolytes are measured in animals wid, cardiac 
arrhythmias si nce not only can abnormalities con
tribute to arrhythmogenesis but the effi cacy and 
toxicity o f antiarrhythmic drugs will be affected 
by electrolyte distu rbances, particularly of potu· 
sium ion concentration. The danger with ventric
ular arrhythmias is that they may progress to 
ventricular fi brillation which leads to death very 
rapidly. 

Table 34 .10 Conditions atfectino the myocardium which predispose to ventricular arrhythmias 

Prldlsposlnll condition 

Ischaemia 

HypoX13 

Primary cardiac muscle dtsease 

Trauma 

Toxicity 

Eleclfolyte and aCllHIase disturbances 

Exampln 

Hypotension 01 any cause (drculatory shock) 
Concentric cardaac muscle hypenrophy (aortic stenosis) 

Severe anaemia 
Compromised respiratory fUncliooleadl1lg 10 anoXia 

DIlated cardl~palhy 
Hypertrophic cardiomyopathy 
Neoplastic Infiltrative disease 
MyocarditiS 

Chest trauma following road traHIC atCIdent giving (lse to myocardial 
cootUSlons 
Head trauma (changes autonomic balance to the heart) 

Myocardial depressant factor produced In diseases wttlch compromise 
blood flow 10 the pancreas (pancreallllS, gastric dilalaliofl-Volvulus 
syndrome, septic shOCk) 
Orugs such as halothane. d",oxin. sympathomimetics, anlldysrhythmlc 
agents and doxorublcin. 

Severe acidosis and hypemJaemia 
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flgul1I 34.35 Paper speed 25 mm s" ; 1 em mV·'. (a) Ventricular bigeminy. Every other complex is a ventricular 
premature complex, (b) Pairs or ventricular premature complexes interrupt the normal sinoatrial rhythm. 
(el Continuous Vilntricular tachycardia. (d) Continuous ventricular tachycardia. P waves are superimposed on the 
abnormal ORS complexes. 

When should a ventricular arrhythmia belrealed? 
It is not possible to predict which patterns of ven
tricular arrhythmia are most likely to progress 10 

ventricular fibri ll:uio l1. The recommendations for 
treating or nOt treating a specific ventricular 
arrhythmia are therefore not based 011 controlled 
scientific studies but more on inlUition. The 
imponancc of this d ecision is th;1.[ many of the 
antidysrhythmic drugs used to treat ventricular 
arrhythmias have pro-arrhythmogenic potential 
and so could make the situation worse. 

The decisio n to give drugs to suppress a 
ve.ntricular arrhythmia is probably best made by 
assessing whether or nOt the rhythm disturbance 
is resulting in haemodynamic abnormalities. 
Those animals with weak pulses, poor peripheral 
perfusion and signs of muscle weakness and 
ment:;tl depression which c:;tn be anributw to the 
arrhythmia, should be: lre:ated. In addition, it is 
thought that frequent ventricular premature con
tractions (more than 20 per minute), particularly 
if they are. multiform and are characterized by 
beats which occur immedi:llely after the previous 

repolarization phase (the so called 'vulnerable 
period') arc mo re likely to progre:ss to ventricular 
fibrillation. 

Drug. used 10 Ireal ventricular arrhythml •• 
The drugs used most commonly in veterinary 
practice to treat vemricubr arrhythmias arc the 
Class I drugs (local anaesthetic agents) and the 
Class II drugs (be: ta-adre:noce:ptor antagonists). 
Fig .. H.33 shows the ways in which these drugs 
interfere with the pathological mtthanisms 
involved in arrhythmogenesis. Since the mecha
nisms involved in the generation of most ventric
ular arrhythmias c.tnnOI be determinoo from the 
surface ECG, the choice of drug remains empi ri
cal and trial therapy is essentially the o nly way by 
which the efficacy of a particular drug can be 
assessw. 

Lignocaine is a Class Ib ami-arrhythmic agent 
and seems to have the advantage of showing selec
tive suppressant action o n damaged and ischaemic 
cardiac musele cells with a less negative resting 
membrane potential while having little or no 
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effect on the 3utomaticity of atrial and normal 
venlricub r myocardi31 tissue. In most C:l.ses, 
thereforc, it is the fi rst drug of choice for treating 
serious venlricubr arrhythmias. It is essenti;aito 
ensu re prcp;ar;a lions of lignocai ne without adrena
line are used. Lignoc3ine is administered as all 
intravenous bolus injection (given over 1-2 min) 
at a dose r3te of 2 mg kg-I ill the dog and 0.5-
1 mg kg-I in the cat initially. Funher boluses may 
be given (up to 6 mg kg-' to[al dose in the dog) if 
no response is secn initially. Lignocaine toxicity 
can rc:sult in seizures which m;lY be controlled 
with diazep3m. If the pbsm3 potassium concen
[ration is normal, lignocaine will, in most cases, 
suecl!ssfull y suppress the 3rrhythmi3 or at le3S1 
reduce the frequency of VPCs. A more sustained 
effect Cln be 3chicvcd by continuous intravenous 
infusion of lignocaine at a rate of 30-80 Vg kg-I 
min-I in the dog and 10-20 Pi; kg-I min-' in the C:l.t. 
O rally :active Cb ss I b drugs :arc avai l;able and have 
been shown to be effective in longer-term therapy 
(toc:ainide at a dose of 10-20 mg kg-' tid, for 
eumple). 

If iignOC:tine is not successful , proc:l.i namide 
(Class 1a agent) would be the next df\J g to try 
3t a dose rate of 5- 15 mg kg-L intravenously or 
intr:lI11uscularly. In an intensive care sen ing, 
procain:'lmide can be given by continuous intra
venous infusion at a dose of 25-40 pg kg-I min-L. 
O ral procainamide can be admi nistered ;at 10-
20 mg kifl every 6 h fo r longer-term therapy. In 
some cases, adm inistra tion of propranolol (0.25-
1 mg kg-L orally or 0. 1 mg kg-L intravenously) 
with lignocaine or procainamidc may pro\·ide a 
synergistic effect. C:l.ution must be exercisro 
when using these agents, particularly by the intra
venous route, as they all POSSl'S$ the ability to 
reduce myocardi al contracti lity. In addition, pro
pranolol will reduce the clearance of lignocaine 
from the circu lation, thus potentiating Ihe toxicity 
of lignocaine, hence the need to reduce the dose of 
lignocai ne if combined with propranolol. 

The goals of dru g therapy for ventricular 
arrhythmias should be an improvement of the 
animal 's haernodynamic status and a reduction in 
the fr~ uency of VPCs. If this can be ;achieved and 
if the underlying disease can be successfull y 
resolved , the need for drug therapy should also 
disappear. If the underlying problem is not 
amenable to treatment, long- term drug therapy 
may be neccssary. There is no evidence th:lI :uni
dysrhythmic drugs used under these circum
stances will prolong the duration of the animal's 
life but the quali ty of life may improve if the 
frequency and duration of syncopal at!:'lcks arc 

reduced. Unfortunatcly, it is equally possible that 
some arrhythmias can be worsened by long-term 
administration of anti-arrhythmic drugs. The sig
nifi cance and incidence of worsening of arrhyth
mias by the drugs used to trcat them can only be 
assessed by studies which use continuous ambula
tory ECG monitoring. The usc of two drugs with 
different mech;anisms of action (such as propra
nolol and procai namide) may produce a synergis
tic effect. This may allow a reduction in the 
dosage of the twO agents used, which is benefi cial 
since it should reduce the side effects of the drugs, 
including their pro-arrhythmogenic potential 
(Tilley, 1991 , Hamlin, 1992b). 
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Diseases of the Respiratory 
System 
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I INTRODUCTION 

In dogs and cats the respiratory system hu sC'vC'r:ll 
functions. The most important function is to trans· 
fef oxygen and carbon dioxide bctween blood and 
the atmosphere outside the animal and thus regu
laiC' the homeostasis of oxygenation and acid- base 
balance. In dogs the respiratory system has a sig
nifican t role in thermoregulation by means of heat 
loss which occurs due to evaporation from the 
surfaces of the ;tirways lnd the mouth when the 
animal is panting. Vocalization is anOlher function 
of the respiratory system in both dogs and cats. 

Respiratory failure and death may be the out
come of some progressive d iseases affecti ng the res· 
piratory system, for example laryngeal obstruction, 
whereas other conditions may cause obvious din
ical signs and discomfon to the animal but pose no 
danger of resriratory failure. Chronic sinusitis is 
an example 0 such a condition. 

As a generalization it can be said that diseases of 
the respirarory system usually produce d inical 
signs w hich 2fe re;r.d ily :lpp;r.rent to the owner :lnd 
to the veterinarian. It is not usually necessary 10 

do extensive investigation to confirm that a dog o r 
cal has a respiratory problem but it is quite ohen 
necessary to do considerable testing to identify 
the n:!.ture, extent and cause of the d isease process. 

I HISTORY AND PRESENTING SIGNS 

A complete and careful history is the essential first 
step in the investigation of a respi ratory problem 

Nasal cavity and nasopharynK 347 
LalYnK 351 
Trachea, bronchi and lungs 353 
Mediastinum and pleural cavity 362 

but the principles involved in collecting the his
torical information are largely the same as for 
o ther body systems and do not require extensi\'e 
discussion here. 

Specific inquiry regarding possible exposure to 
infectious agents should be made. Dogs which 
have recently been in kennels may have been 
exposed [0 the :lgenlS which cause infectious 
tracheobronchitis where;r.s cats in a boarding 
cattery may have come in contact with viruses 
which cause upper respiratory t r.lCt infections. 
The vaccination status of the animals is also 
relevant in this reg3rd. 

Yeast and fung:ll infec tions often have specific 
geogr.lphical distributions and should be sus
pected if the animals have visited or lived in areas 
where diseases c3used by these o rganisms arc 
endemic. 

The m:ljo r presenting signs of respir:Hory dis
eases in dogs and cats arc sct out in T :lble 35. 1. 

I PHYSICAL EXAMINATION 

It is very impo rtant to st3nd b3ck and observe the 
whole animal before performing a detailed exami
nation of the respiratory system. At this stage 
abnormal beh3"iours such as coughing or sneez
ing may be seen o r the sound of stridor may be 
heard . With the animal 3t rest dyspnoea may be 
evident 3nd the rate and character o f respira tion 
should be noted. The respiratory system should 
then be examined in det3il in:l systematic way. 
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346 I DISEASES OF THE RESPI RATORY SYSTEM 

Tlble 35.1 Presenting signs of respiratory disease 

Sneele SneeZing is caused by irritation Wlthm the nasal caVIty and localizes tile problem to the nose. 
Nasal cllscl!arge This may come trom one nostril or both and may be serous. purulent or haemorrhagic or any 

combination. Problems causing nasal discharge largely arise Irom Ihe nasal cavity. nasopharyrut or 
frontal sinuses. 

Haemoptysls 8leei1ing from the lungs or bronchi is an unusual presenting sign in dogs or cats, II usually IndICates 
a serious problem InvoMno the IUAg 

eougl! The receplors lor the cough reflex are silualed in Ille larynx. lrachea and bronchi so cougllino Is a 
leature 01 diseases invoMno tllese structures, In dogs coUOhlng Is otten a feature 01 Iett-sidei1 heart 
enlargement where the enlaroed lett atrium presses on tile brooch], 

Tacl!'flInoea 

Oppnoea 

Unusually rapid respiration IS a feature of dISeases which restnct lung expanSion, ThiS may be due to 
pulmonalY fibrosis or to diseases involving the pleural cavity, In dogs tachypnoea must be dllfelemlaled 
from panting which IS a physiologICal response brought on by hyperthermia. exeltise and excitement. 
This term is used when an animal Shows a degree of brealhlng eHort which is inapprOjlria18 for the 
amount of exercise the anlmat has recently taken. Dyspnoea is recognized and assessed by noting 
changes in the rale. rhythm or character of rllSplration. Dyspl'\Oe8. can be a presenting feature of many 
respiratory diseases and Is a measure 01 tile anlmars attempts to maintam gas exchange In a situation 
where resplratory lunctlon is falling 

Orthopnoea 
Stridor 

This lerm describes the Situation where an animal can only breathe easily when it is standing 
This Is a loud and uSlJal1y IIlgh·pttched noise produC8d when aIr moves rapid~ Ihrough a narrow open· 
ing Stridor is most commonly caused by lesions which narrow the Ia~eal openmg but It can occur 
WIth tracheal stenosis, 

Inspection of the nose and face will reveal 
I~sions involving the bones of the nose although 
these arc fairly uncommon. The pres~nce and 
character of any nasal discharge should be noted 
and whether it involves on~ nostril or both. The 
patency o f the nasal cavity can be determined by 
nOling wh~l her there is 5uflici~n t air movement to 
displace a wisp of cotlon held ncar the nostril. 

Inspection of the pharynx and larynx can only 
be carefully carried OUt when the animal is heavily 
sedated or anaesthetizcd. A laryngoscope is a 
useful instrument fo r depr~ssing the tongue and 
epiglottis and illu minating the opening 10 the lar
ynx. Palpation of the larynx and cervical trachea 
forms part of the examination but rarely detects 
significant abnormality. Pal pation of the thoracic 
wall sometimes dctccts rib fractures or 1l('Oplaslic 
masses but in many cases is not informativc. 

Percussion of the chest detects changes in reso
nance and infcrences can be made concerning the 
contents o f the thorax. An increase in resonance is 
associated with :tn increased amount of air in 
the chest as happens in pneumothorax whereas 
dullness o n percussion indic:nes the presence of 
dcnscr substances such as fluid or solid organs. 
Dogs v:t ry 50 much in size. shape and degree of 
subcut:tneous fat th:tt there is no standard mea
sure of resonancc so the chest should be percu5sed 
dorsally and ventrally. left and right listening for 
asym metry in the resonant sounds. 

Auscultation, using a stethoscope, :tHows 
recognition and characterization o f sounds arising 
from the respiratory system. In general the sound 
is lo udest when the head of the stethoscope is 
placed close to the origin of the sound. A stetho
scope can be used to listen to abnormal sounds 
uising from the lary nx but it is mainly used to 
examine sounds arising within the airways of the 
chest. The terminology used to describe the find 
ings on auscultation has recently been much 
simplified ;md old terms have been discarded. 

Normal breath sounds arc produced by air 
moving through the conducting airways and in 
heahhy dogs and cats at rest these sounds may be 
so quiet as to be inaudible. In the e)(amination 
room dogs often pant duc 10 excitement, high 
ambient lemperature, pyrexia and some diseases. 
In these animals the increased air fl ow causes 
quite loud, harsh breath sounds clearly audible all 
o\'er the chest. Animals with some respir3.tory 
diseases may have an increased rate and depth of 
respiration and again breath sounds may be 
dearly heard . In dogs and cats with diseases 
involving the airways and lungs. abnormal sounds 
may be detected although they arc certainly not 
present in the majo rity of animals with diseases in 
these areas. The abnormal sounds arc described as 
crackles and wheezes. C rackles arc dicking, pop
ping, bubbling sounds which arc usually discon
tinuous and best heard during inspiration. The 
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crackles arc thought to be producro by the sud
den opening of small ;tirways which were previ
ously blocked or occludro. Wheezes are whisliing 
or sque;tking sounds which are long and drawn 
out and produced by air passing through narrow 

• aIrways. 
For cats and most dogs thc arc;t for auscult:nion 

of the respiratory system is fairly small and the 
informnion obtained by auscultation is largcly 
limited to recognizing that an abnormality exislS. 
The nature and the extent of the abnormality is 
better determined by other tests. 

Abnormal respifl.tory signs can be p roduced 
by diseue processes which originate in other 
pans of the body ;tnd o nly indirectly affect the 
respir:uory system. Ex;tmples include cardiac 
enlargement causing coughing, diabetic kelOaci
dosis producing metabolic acidosis with com
pensatory hyperventilnion, and gross abdominal 
distension causing dyspnoea. A complete physi
cal examination and review of the history will 
usually reveal whether the diseue primarily 
involves the respintory system or whether it 
originates elsewhere. 

Dogs and cats hl.ve substamial reserves of res
piratory function. Many pets live very quiet and 
sedem:lry lives so the dise3Se process is often very 
advancro by the time the anim;tl shows signs 
which are recognized by its owner. If the l.nimal is 
dyspnoeic at rest it h3S almost exhaustcd all its 
reserves and very little stress in the nature of 
restr;tint or positioning for diagnostic procedures 
may predpitate fatal respiratory fai lure. 

THE APPROACH TO THE 
INVESTIGATION OF A RESPIRATORY 
PROBLEM 

There are so many diagnostic procedures which 
can be carried OUt on the respiratory system that it 
is essential, for cost and effi ciency, to localize thc 
problem befo re resoning to detailed investiga
tions. Fonunatdy, in most cases, using informa-

• 

rlble 35.2 localiling features of respiratory disease 

NASAL CAVITY AND NASOPHARYNX 1 347 

tion from the histo ry and physical eltaminatio n it 
is possible to narrow the dysfunction to one of 
four areas (T;tble 35.2). 

I NASAL CAVITY ANO NASOPHARYNX 

I Olagnosllc procedures for the nasa l 
cavity and nasopharynx 

RadlDIDgy 

This is a most useful technique for elt;tmining the 
nu;tl caviry and the nasal sinuses as air provides 
good contrast for outlining the turbinates and 
surrounding bones. Correct positioning is \'ery 
imponant to avoid superimposition of the 
mandibles. For the nasal cavity the dorsoventral 
exposu re with :10 intr.aor;tl film or a ventrodorsal 
projection with the mouth openro wide give the 
most diagnostic films . Lateral views arc usually 
less informative ahhough they do show whether 
the dise3Se process extends to the frontl.1 sinuses. 
If the frontal sinuses arc involved it may be neces
sary to uke skyline views so that left and right 
sides can be compared. 

C hanges noted on radiography include loss of 
turbin.ate deuil, increased radiopacity, septal 
devi.ation, vomer erosion .and mineralization 
within the nasal caviry. Destruction of the maxil 
lary and palatine bones sometimes occurs and 
elttranasal soft tissue ml.sses ml.}' be seen. 
Turbinate destructio n and increased radiolucency 
arc features of chronic infections, such as 
aspergillosis, whereu increuro radiodensiry 
occurs when the n.asal passages become filled with 
dischaTJ;e or tumour (Gibbs tl al., 1979; Sullivan 
N aI. , 1986. 1987). 

Computed tomography is an excellent tech
nique for demonstrating proliferative and 
destructive lesions within the nas;t l C:lvity but 
at the present time this technology is not 
widely available for small animals (Codner et 
aI. , 1993). 

SUI Hlslory and clinical signs 

Nasal cavity and nasopharynx 

... """ Trachea. bronchi. lungs 

Mediastinum and pleural caVIty 

Sneezing, nasal discharge, obstructed air flow. somellmes facial delormity 
Airway obstruction. stndol'. coughing 
Couglling. sometimes d)'Spnoea, tactlJ'Pl1oea or obstruction. Sometimes abnormal 
airway sounds 
Dyspnoea. taclrypfloea. sometimes coughing 
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348 I DISEASES OF THE RESPIRATORY SYSTEM 

Endoscopy 

The rostral part of the nasal cavi ty can be exam
ined with :m otoscope and this instrument may 
allow identifie;a tion :md removal of a recently 
inhaled foreign body. Most neoplasms arise 
from the ethmoturbinate region in the caudal 
part of the nose beyond the reach of an Oto

scope. 111e naS31 cavity can be thoroughly 
examined using a rigid endoscope of the !"ype 
used for ;a rthroscopy, however there are some 
diffi cult ies with the technique. Diseased nasal 
chambers almost always contain mucopurul ent 
disch;arge which has to be flushed away before 
the nasal C3vity :md mucosa can be seen. 
Irrigating saline can be infused alongside the 
endoscope or a Foley catheter can be passed 
through the mouth into thc caudal nares and 
used to flush the nose. The presence of more 
than a very small amount of discharge indicates 
some disease process in the nose. The nasal 
mucosa is easi ly damaged and this leads to 
copious haemorrhage making endoscopy diffi
cult . Foreign bodies and fu ngal plaques arc usu
ally eas ily recognized but neoplastic and 
chronic inflammatory lesions are often hard to 
recognize especially if the mucosa is still intact 
(Sullivan, 1987). 

Tumours somctimes invoh'e the caudal narcs 
and this area can be examined using a dental 
mirro r after pull ing the soft palate rostrally. 
Alternatively a fibrcoptic bronchoscope may be 
used in large dogs. The instrument is inserted 
through the mouth and the tip is turned behind 
the soft palate to view the nasopharyngeal open
mg. 

Microbiology 

Examinations for bacteria are oftcn performed 
on nasal diseharges but the o rganisms isolated 
are usually sccondary invaders and rarely of 
pathogenic significance. CryptocOCC31 ol1pnisms 
can be easily recognized on smears and can be 
cultured. Fu ngal infections are usuall y due to 
Aspergillus o r Penicil/ium species. Smears and 
cultures arc not \'ery reliable tests for fungal 
infections in the nose as they sometimt.-s fail to 
hnd the organisms and positive culture o f these 
commo n environmental organisms may occur in 
dogs without the disease. Serological tests are 
useful as affected dogs usu;l. lly give positive 
reactions whereas Ilealthy dogs have no 
Aspergillus o r Penicillium antigens or antibodies 
(Sharp et al., 1991 ). 

Cytology 

Samples fo r cyto logy arc usually obtained by 
inserting a cytology brush o r swab into the nose 
and then rolling the cells on to a slide. Cytology 
is particularly useful fo r diagnosing neoplasia 
although in some cases the test may be negative if 
the lesion is not exfoliating cells. Inflammatory 
changes are commonly seen but are usually non
specific and therefore of lim ited assistance in 
diagnosis (French, 1987). 

Biopsy 

Tissues may be obtained for histology via the 
nares or by exploratory rhinotomy. H owever, 
rhinotomy invo lves major surgery and is to be 
avoided unless there is a good chance that it can 
help the patient. Several biopsy techniq ues have 
been described using cuning needles such as the 
Tru-cut biopsy needle or aspiration of pieces of 
tissue using rigid o r soft catheters. When using 
rigid needles or catheters it is important to avoid 
penetrat ing the cribriform platc so the distance 
from the nares to the mass is measured on a radio
graph and used as a guide for the distance the 
need le should be inserted (Withrow cr al .• 1985; 
Love et al., 1987a). 

I Disease conditions of the nasal cavity 
and nasopharynx 

AcutB rhinitis 

Acute onset of a nasal discharge may be due to 
trauma, foreign material in the nasal ca\·ity or infec
tion with distemper or the feline respiratory viruses. 
H owever, in these cases diagnosis is usually fai rly 
easily madeon history and physical examination and 
the d ischarge resolves spontant,ously or in response 
to treatment of the underlying cause. Nursing care 
is import'ant so that the external narcs do not become 
blocked with dry discharge. 

Foreilln body rhinitis 

Dogs with foreign bodies in the nasal cavit), arc 
usually presented with acute sneezing and nasal 
irritation. Foreign bodies arc rarely the cause o f 
a longstanding nasal discharge in the dog :lIld 
almost never in the cat. Foreign bodics are usually 
composed of plant material and arc similar in 
radiodensity to surrounding tissues. They usually 
occupy the rostral part of the nasal cavi ty and arc 
best diagnosed by endoscopy and removed with 
fo rceps. 
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CryptocDwl "'Inltls 

lnftttion with the yeast organism CryplOCOCCUS neo
/OTmIJnscan im'oh'C';a num~r of tissuC'S of the body 
but thC' rusal Clvity is ;a common sitC' in the ~t 
although IC'Ss so in the dog, N:wl infection m3.Y 
extend to involve the bones and subcuuncous tissue 
so that in addition to rwal disclufl;e affected ;animals 
sometimes have swelling ;and distortion of the faee, 
The organisms are usually present in luge num~rs 
and can be readily found on Sme2n1 from the noSC' or 
lTUlC'ri.:t! Upir.lled from the swC'lIings (Fig, 35,1), 

Allure 35.1 Nasal cryptococcus infection in a cat. The 
right side 01 Ihe nasal cavity shows increased radio· 
density and some loss ol lurtlinate detail. 

T re21ment with 211lifung2l drugs h25 produced 
encounging resuhs although, 25 yet. there is no 
;agreed protocol for choice of drug, d05.1ge or dura
tion. Ketocona.zole is usu3. lIy effe<:th'e in cm and 
dogs with minim;al sidC' effects but tre3.tment hu to 
~ continued for several months. It hu ~en sug
gested th3.t combin:uion ther3.py with ketocon:l.zole 
:and flucyto5i ne m:l.y gh'e beUC'r resuits but flucy
(osine is expensive :md sometimes provokes skin 
re:l.ctions in dogs :a lthough this docs not seem to be 
a problC' m in cats (Sh:aw, 1988). Clinic21 studies have 
shown th2t itt;lcona2ole is also effective with fewer 
sideeffccts lh:l.n ketoconazole(MedlC'3.uer a/.. 1995). 

He21thy C2ts and dogs :arc scrologically ncgati,'e 
for cryptococcus 2ntigen (MedlC'3.u er al .• 1990) 50 
2migen lC'vels can be used to monilOr the progreS5 
of therapy. ThC'rapy hasto becontinued for months 
2nd recurrencC' m3.Y still h:appen ;after all signs h;a\'C' 
de2red up :and :antigen levels h3.\'e (;allen to zC'ro. 

Fungll "'Inills 

Fung21 inf«tions devclop in the nU21 ~"itiC$ of 
dogs but not in ~ts. The dise3.Se hu been reponed 
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from many p2fts of the world but there docs seem 
10 be somC' gcogr:tphic3.1 v3.n:uion in the prev;a
lenee of the dise;l.5C'. ThC' principal org3.nisms 
in\'o lved 3.re lupergillus /umigatus and Pt'lli
cil/ium species. 

Adults of the long-nosed breeds 2fe usually 
involved and present with 2 copious purulent 
disch2fge which is sometimes h3.emorrh:l.gic. 
The org3.nisms c2nn0l21wlYS be isol;ated from the 
discharge and funhermore Aspergillus 3.nd 
Penirillillm species arc commonly present in the 
environment 3.nd c;an sometimC's be isol;ated from 
the noses of healthy dogs. R3.diogr:tphic changes, 
ahhough not completely specific. 3.re suggestive as 
there is usually turbin3.te denruction accompa
nied by ;ncre3.$ed r:tdiolucency in the rostral part 
of Ihe nasal c3.vi ty. Diagnosis is confirmed by 
viewing a rnyccli:al plaque on endoscopy or by 
posi tive serologic3.l lest (Fig. 35.2). 

Success or p:l.rtial success has been claimed for 
:a number of treatments including Icc21 ther:l.py 

Figure 35.2 Nasal aspergillosis in a dog. The left nasal 
cavity shows turbinate destruction as increased radiolu
cency and atrsence 01 turbinate pattern In the mld·section 
of the radiograph. There is illCreased radiodensity in the 
caudal part of the left nasal cavity due to dIsplacement of 
air by lungus or exudate. 
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such ;u surgery o r flushing with enilco nazole o r 
dotrimazole o r systemic therapy with antifungal 
drugs such as thiabendazole, ketoconazole, itra
conazole lnd fluconazole. From a number of 
reporls on clinical cases it seems that systemic 
therapy is successful in about 50% of cases 
whereas local irrigation of the nose can be suc
cessful in up to 90% of cases (Sharp et al., 1992). 

Mycotic infection of the nasal mucosa with 
RhinorporidiJI11l subil has been reponed in a 
small number of dogs in Nonh America. Affected 
animals develop proliferative lesions which arise 
from within the nasal cavity. Recurrence may fol 
low surgical removal and ,hCfl: is little informa
tio n on medical therapy (Allison ttl al., 1986). 

Parasitic rhlnllis 

Infestation with nasal parasites is not a problem in 
cats and occurs o nly very rarely in dogs. The par
asite Lingl/a lll/Il ItrTala is well described in dogs 
but appears to be extremely roue. The nas;!.1 mite 
P11t'lImonYSloidt'f (formerly Pnl'JI11lollYwu) can
inlln/ occasion;!.l1y infects dogs and causes signs of 
nasal irritation. Successful tre;\lment has been 
reported using i\'ermectin at a dose rate of 
0.2 mg kg-I, orally o r by subcutaneous injection 
(Marks rt al., 1994). 

Neoplasia 

In the cat the nasal ca\'ity is an uncom mon site for 
ncopl;uia. A report on 16 cases of neoplasia 
involving the feline nasal passages and nasal 
sinuses described fi\·c animals with adenocarcino
maS and five with undifferentiated carcinomas 
(Cox ('t III., 199 1). The small number of cases 
cxamined by the author have been mainly of lym
phoid o rigin. Canine nasal tumours usually affect 
middle-aged or elderly animals, especially those 
wilh long noses. The presenting signs include 
sneezing, epistaxis, respirator), noise, nasal and 
ocular discharge (Morrison et al .. 1989). In a 
minority of cases the lesion involves the bones of 
the face and leads to deformity. The tumour usu
ally remains in the primary si te until a late stage in 
tile disease but extension into the cranium and 
distant metastasis have been reported (Smith et 
al., 1989; Hahn and Matlock, 1990). 

Radiography is a usefu l step in diagnosis. The 
lesion usually involves one side of the nose Illore 
than the other so there is a lack of symmetry o n 
the radiogr.'tph. Radiodensity is usually increased 
:'IS air is replaced by tumou r and discharge and 
there is usually an obvious loss of bone detail in 
the areas of the turbinates (Fig. 35.3). Endoscopy 

Figure 35.3 Nasal adenocarcinoma in a dog. The mid 
and caudal parts 01 the left nasal chamber show 
increased radiodensity and loss 01 the turbinate pattern 
due to the presence 01 tumour tissue. 

is of len of liule \'alue as blood and d ischarge 
restricts the view and even when the nose is 
cleared a mucous membrane-co\'ered tumo ur may 
be hard to differemiate from normal structures in 
the nose. 

Diagnosis depends on identifying neoplast ic 
processes by cytology o r histopathology. 
Cy[Ology specimens arc easily obtained but arc 
not always diagnostic whereas histopathology 
will usually gi\'e a clear answer provided the 
correct tissue has been sampled. Most canine 
tumours develop in the ethmoturbinate rq;io n 
which m;'lkes them less accessible for accurate 
biopsy and in a small number of cases explor.'ttory 
rhinotom y may be required [0 examine the lesion 
and colleel samples. 

Adenocarcino ma is probably the most common 
type of nasal tumou r but chondrosarcoma 
and Osteosarcoma arc also fair ly common. 
Unfortunately most of the nasal neo plasms carry 
a poor prognosis. The published results of cases 
treated surgically show that the median su!'\'ivaJ is 

A 



Tlble 35.3 Drugs for nasal diseases 

ON, Species Dose and rout' Imo kO") 

Keloconazole C,O 10. p_o 
Uraconazole C,O 10. p.o. 
Enilconazole 0 10. as a 5% 

SOlution tor nasallmgatiOfl 
Mrmectin 0 0.2. s.c. or p o. 

(nol used in Colh, dogs) 

C. cat: D. dOlI. 

very short and current chemotherapeutic agents 
have little effect on these tumours. Orthovohagc 
and megavo ltage radiotherapy has been used fol
lowing surgical debulking with some reasonable 
survival rates. Computed tomography gives a 
good indic;l. tion of the extent of the neoplasm 
and helps plan therapy. One series of 77 cases 
reported an o verall survival of 60% at one year 
and 38% at two years [rheon et aI. , 1993). 
Brachytherapy using intracavitary iridium iso
tope after surgery also produced some reasonable 
survival times. However, these treatments are not 
without difficuhies ;l.nd complications. 

ChronIc mlnltls 

A number of conditions can lead to chronic 
non-specific inflammatory changes in the nasal 
mucosa. In animals which have dysphagia due 
to ;I. ph;l.rynge;l.l disorder food material may 
enter the nose from the n;uopharynx and cause 
sneez.ing ;l.nd a purulent discharge. Similar corn
piic:ltions usually follow oronasal fistula where 
there is a defect in the palate due 10 trauma or 
neoplasia. If the underlying problem can be 
corrected the signs of rhinitis usually dear up 
quickly. 

Nasopharyngeal polyps can e:luse dyspnoea and 
nasal discharge in young c;l.u. The lesions arise in 
the middleear or eustachian tU be and can be detected 
on radiography or by inspeclion of the n;uophar
ynx. Although the lesions can be easily withdrawn 
from the custachian tube recurrence is quite likely 
and much better results arc achieved if a bulla 
osteotomy is also carried out (Kapatkin I't aI., 1990). 

It is quite common to find dogs with radio
graphic changes involving the IUrbinales and 
chronic inflammatory changes on biopsy o f the 
mucosa and turbinates but no aetiology can be 
determined. These e;ues are simply cI;l.ssified as 
chronic rhinitis. Lymphoplasmacytic rhinitis has 
been described in a small series of dogs ;l.lld cor-
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Fr,qu,nq Duration Indl~tlonl 

12h 3-6 months Cryplococcal mmltis 
24h 3-6 monlhs Cryplococcal rhmllis 
120 7-10 days Nasal aspergillosis 

0"", PneurnonyssoU1es 
caninum 

tic05leroid Iherapy controlled the clinical signs 
(Burgener 1'1 a/., 1987). 

Sinusitis 

The frontal sinuses in cau and dogs arc often 
involved in disease processes as an extension of 
conditions in Ihe nasal cavit),. However, cau are 
sometimes presented with a chronic purulent dis
charge and radiography shows that the most sig
nificant changes arc in the fronta l sinuses which 
arc full o f pus. It has been postulated that sce
ond;l.ry bacteri;l.l infection follows upper respi r;J. 
tory tract viral infection, but Ihese calS often do 
not have a very convincing history of viral 
infcnion. Studies have shown that these C;J.ts do 
not have a high prevalence of feline leukaemia 
or fcline immunodeficiency virus infection 
(Norsworthy, 1993). Alllibiotic therapy usually 
reduces the discharge while the cal is on treatmenl 
but the signs recur when trealmenl ends. These 
animals o ften improve considerably afler surgery 
to remove pus from the frontal sinuses, curette the 
diseased mucosa and enlarge the o pening between 
the sinuses and the nasal cavity. 

I LARYNX 

The larynx is a complex struclureof canilages, mus
cles, nerves and mucosal folds. It funetions;u a valve 
controlling air flow into and out o f the trachea and 
also prevents the ;upiration of material during eat
ingand drinking. Theemrance to the larynx, kno wn 
as the glonis, is formed by the uytenoid cartilages 
and vocal folds o n either side and when the glonis 
is closed these structures meet in the midline. Further 
protection of the airway is provided by the back
ward reposit ioning of the epiglottis during swal
lowing. Thesound waves of phonation are produced 
in the larynx and change in bark or meow may be 
an early sign of laryngeal discase. 
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Abduction o f the arytenoid c<ln il<lgcs ~nd vocal 
folds to increilse the airway diameter is produced 
by contraction o f the dorsal cricoarytenoid mus4 

des. These musdes are innerv:ned by the caudal 
laryngeill nerves which arc branches of the vagus 
nen 'es. 

• Diagnoslic procedures for the larynx 

Radiology 

Rldiography Cln provide good images of the 
structures of the ncck and Ilrynx but the com* 
plexiry o f Ihe laryngeal canilages and the adjacent 
hyoid appaTltus sometimes makes interpretation 
difficult. Allhough mass lesions will be seen o n 
Tldiography they c<ln usually be identifi ed more 
easily on endoscopy or palpillion. 

Endoscopy 

Endoscopy pro\' ides useful information in bryn. 
geal disc"se bUI has to be c"rried out undcr gen
er;!.1 an;!.eslhesia or deep sedation which can have 
some risks in <lni mals with airway obstruction. A 
laryngoscope can be used to depress the tongue 
and epigloltis and illuminale the opening (0 the 
larynx. 

Struclural ilbnormalicies can be recognized cas· 
ily but function;!.1 ;1bnorm;1lities arc more d ifficult 
to identify. Anaesthesil depresses respiratory 
fun ctio n ~nd laryngeal movement so th~t animals 
which are bre;!.thing quietly often show little o r no 
laryngeal movement. As ;1naesrhesi;1 lightens and 
the animal starls to swallow, cough o r hyperven· 
tilate abduction and adduClion of the folds and 
arytenoid carti l;!.ges becomes obvious in norm;11 
animals but asymmetrical or depressed in 1aryn· 
geal paral ysis. AI this stage the animal may be 
so lighliy anaesthetized that swallowing and 
chewing mo \'emenlS make examination difficult. 
Positioning is import"nt when comparing move· 
ment of the right and left aryu:noids and the an i ~ 
mal should be in sternal recumlxncy. The major 
functional abnormality is luyngeal par:tlysis 
where the abductor muscles f;!.il to open the 
larynx during inspiration. 

Olher lesls 01 laryngeal function 

Mild degrees of ai rway obstruction ha\'e liltle 
effect on blood gas tensions but severe obstruc· 
fi ons lead to lowered oxygen tensions and raised 
carbon dioxide tensions. This test is not nect'Ssary 
for di"s nosis as severely affected animals are 

easily recognized o n clinical examination but 
changes in blood gas values ha\'e been used to 
evaluate improvement in respiratory fu nction fol ~ 
lowing surgical procedures (Love CI aI. , I 987b). 
Assessment of air fl ow c"n be made by tid,,1 
breathing f1ow-\'o lume loop analysis. In this 
technique, tidal air fl ow in conscious ;!.nimals is 
measured and, by electronic processing, produces 
loop patterns which arc distinctively d istoned in 
animills with ai rway obstructions. The technique 
has been used to document laryngeal obstructions 
and improvement fo llowi ng surgery on the air~ 
ways (Amis t'l aI. , t 986; Burbidge et " I. , 1991). 

Electro myography of the dorsal cricoarytenoid 
muscle usually detects evidence of neurogenic 
atrophy in cases of laryngeal paralysis. The cost of 
Ihe equipment and difficulty in placing the 
recording elect rode in severely atrophied muscles 
are limitations of the technique (G reenfield, 
1987). 

• Disease conditions 01 the larynx 

Laryngllls 

Primary and localized inflammatory disease of the 
larynx is unusual but the mucosa of the larynx is 
o ften inflamed when the animal hilS an infection 
involving the respi ratory lract such as tracheo~ 
bronchitis or the lnim,,1 is coughing from 
whatever C;1use. Inflammation of the mUCOS;1 may 
C;1use a change in tile tone o f the animal 's b"rk and 
on laryngoscopic eX;1min;1tion the mUCOS;1, partic
ularly round the arytenoids, is rcdder than 
no rmal. The mucosal ch;!.nges reverse quickly 
when the underlying problems resoh'e. 

Laryngeal paralysis 

This cond ition is quite common in dogs but has 
been described rarely in cats. In some cou ntries 
the problem occurs in young dogs of the Siberian 
Husky and Bouvier des Fbndres breeds and there 
;s evidence of " h m; lial distributio n. However, 
the problem is most often seen in middle-aged or 
old dogs of the larger breeds. The aetiology is 
unknown but the pathological changes of neuro· 
genic atrophy of laryngeal muscles and Wallerian 
degener:ttion of the recu rrent laryngeal nerves 
have been described. In the literature there h;1ve 
been suggestions thai affected animals may have a 
generalized neuropathy o r may be hypothyroid. 
Evidence from sevenl published case studies now 
shows that few dogs have Ihese complications. 

Bilateral paralysis of the abductor muscles is 
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usually gndual in onset and the dog develops 
stridor associated with irupintion. diminished 
exercise tolerance and sometimes signs of 
hypoxia. Diagnosis is made by endoscopy when 
me arytenoid cartilages and the vocal folds fail to 
abduct during inspiration and in severe cases they 
may be drawn towards the midline during inspi
ration (G reenfield. 1987). 

Treatment of larynge;ll paralysis aims to 
inc~ase the larynge;ll opening without destroying 
iu function in protecting the airway. Partial 
laryngectomy which involves removing the vocal 
fo lds and part of one arytenoid cartilage has been 
widely used (Ross ct at., 1990). The technique is 
reasonably successful but docs have a number of 
failures due to aspiration of food or water o r due 
to recurrence of obstruction. The technique cur
rently favoured is arytenoid latenalization (White, 
1989) where one arytenoid is fixed in an abducted 
position. Altho ugh good results have been 
reponed there are $lill some problems with aspi
ration. 

L.ryngell ",nasis .nd I.ryngflll collapSfl 

The aetiology of these conditions is not entirely 
clear. In laryngeal stenosis. fibrous tissue narrows 
me entrance to the larynx and the arytenoids 
cannot be even passively abducted. Endotrache,d 
intubation via the larynx is difficult or impossible 
in these animals. 

In laryngeal collapse, the arytenoid cartilages 
lose their rigid structure so that the cuneiform 
processes become drawn into the laryngeal lumen 
and the corniculate processes which normally 
maintain the dorsal arch o f the glottis collapse 
toward the midline thus completely obstructing 
the airway. These changes are probably secondary 
in brachycephalic breeds where high negati\·e 
pressures arc generated when the dog tries to 
d raw :tir through restricted nasal passages. When 
collapse occurs in dogs without obvious nasal 
obstruction the lesion may be due to laryngeal 
paralysis or, perhaps, there may be some degener
ative change in [he cartib.ge itself, Laryngeal col
lapse is a difficult problem to dul with as the loss 
of cartilage rigidity makes it hard to reconstruct a 
f~e airway. 

Pani;1llaryngeal obstruction may be caused by 
eversion of the mucosa of the lateral ventricles and 
by displacement of the glosso-epiglottic mucosa 
but these conditions can be treated surgically 
(Bedford, 1983). 

StenosiJ of the larynx due to neopbsi;1 is 
uncommon in dogs but cats occasionally have 
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diffuse infiltration of the laryngul mucosa with 
lymphoid neoplasms. 

I TRACHEA, BRONCHI ANa LUNGS 

I Diagnostic procedures for the 
trachea , bronchi and lungs 

Radiology 

Radiography is a ,·ery useful t« hnique for identi 
fying and defining lower respiratory tract disease 
but attention to positioning and exposure is nec
essary to obtain di;1gnostic films. General anaes
thesia, c,'en of short durat ion, resul ts in decreased 
aeration and increased blood flow in the depen
dent lung which can then appear to be abnormally 
radiodense, This can be partly corrected by posi
tive pressure ventilation prior 10 exposing thc 
film. In order to examine the lungs fully it is nec
esury to obtain both left and right i:ner;11 views as 
well as ventrodorsal or dorsoventral "iews. 

The ,·olume of the dependent lung in later.ll 
recumbency is half the volume of the lung when 
the patient is in sternal T«umbency. N on-visual
izatio n of a moderately radiodense lesion ill a 
dependent lung is due to the combined effects 
of reduced aeration, compression and increased 
blood flow in normal lung surrounding the lesion 
(Biller and Myer, 1987;Steyn and Green, 1990). 

Fluoroscopy using an image intensifier is :I. 

good method for diagnosing tracheal ;1nd 
bronchial collapse provided sedative drugs 
which suppress the cough centre are not used, 
Contrast t«hniques can be used to outline the 
trachea and the bronchial trcc but arc seldom 
used as more information c;lon be obtained by 
bronchoscopy. 

Endoscopy 

Endoscopy can provide useful information on 
the lumen ;1nd lining of the trachea and bronchi 
and can identify areas to sample fo r c),tology or 
histop;uho logy. The conducting airways arc easy 
to examine with an endoscope as they are air filkd 
:l.nd have rigid walls. Rigid ;1nd flexible endo
scopes both give good views in the dog but it can 
be difficult to find an endoscope long enough and 
fine enough to usc in the cat. General anaesthesia 
is essential for bronchoscopy and care musl be 
taken to prevent hypoxia when the endoscope fills 
a brge proportion of the trachea. In brge dogs the 
bronchoscope is passed through the endotracheal 
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tube which has a T ·connectio n allowi ng anaes· 
thetic gas to pass alongside the scope. 

With rigid bronchoscopes [he carina and pans 
of both major bronchi can be seen but fl exible 
endoscopes c:ln be advanced furt her imo the 
bronchial tree and :m.' more useful for sample col· 
lection. The endobronchial anatomy is described 
by Amis and McKiernan (1986) and the fl exible 
bronchoscope can be di rected lmo the bronchi of 
specific lung lobes. Standard human broncho· 
scopes are too short to reach far into the bronchial 
tree of I:uge dogs and they are usually tOO large to 

pass down the tracheas of cats. The lining of the 
airways is smooth and pink and there is normally 
liule or no discharge or exudate within the lumen. 
Diseased animals have thickening and reddening 
of the mucosa and often considerable amounts of 
dischargc comi ng from the more distal bronchi. 
On lKcasion parasitic nodules, foreign bodies or 
tumours nlay bc secn. 

Tracheal, bronchial and alveolar cytology 

Microscopic examination of exfoliated cells and 
discharges can be belpful when dealing with 
animals with a bistory of chronic cough. Samples 
may be obtained from the tracheobronchial 
mucosa or fro m the bronchoalveolar lining. The 
choice depends on where the disease process is 
thought to be located. Samples from the tradlea 
and bronchi may be obtained using a guarded 
sterile cytology brush passcd through a bro ncho+ 
scope or may be obtained by tracheobronchial 
lavage; the laner technique may be carried out 
under general anaesthesia or in a conscious animal 
if it is cooperati\'e. Bronchoalvcolar lavage 
involves passing a catheter or bronchoscope much 
further into the bronchial tree and then using 
saline to flush and aspirate cells from the alveoli 
and distal bronchi (Hawkins et al., 1990). 

Cytology sometimes cstablishcs the cause of 
the problem, for example when neoplastic cells or 
fungal o rganisms arc fou nd but this is relatively 
uncommon. Changes in the numbers and mor· 
phology o f the ccll types give useful information 
on the underlying pathological processes and 
help to narro w down the list of likely causes 
(H offmann and Wellman, 1986). Fungal organ· 
isms were identified in bronchOllveolar lavage 
fl uids from six out of nine dogs with pulmonary 
blastomycosis, histoplasmosis o r coccidioido· 
mycosis (H awkins and DeN icola, 1990). 

T ransthoracic fi ne needle aspira tio n cytology is 
possible for large lung lesions lying near the chest 
wall but most lu ng lesions arc small, multiple and 

diffuse and in these cases aspiration cytology is 
usually disappointing. 

The \'alue of cytology sa mples obuined 
fro m lungs by using Menghini aspiration 
biopsy needles was assessed in a series of 41 
dogs and two C:l ts (feske et al., 1991 ). The 
cyto logical diagnosis was accurate in 83% of 
cases but 31 % of the ani mals developed 
pneumothorax after the procedure and five 
animals d ied. 

Histopathology 

Samples of bronchial mucosa may be obtained 
with fine biopsy forceps passed through a bron· 
choscope. The samples arc very small and difficult 
for a pathologist to orient:lte but they can give 
information o n the nature of inflammatory 
changes in the mucosa. Samples o f diseased lung 
may be obtai ned at thoracotomy but it is some
times hard to justify the risk and expense of [his 
procedure. Lung biopsies c:ln be obtained with 
forceps through a bronchoscope but there is a risk 
of perforating the lung and causing pneumo· 
thorax. 

Microbiology 

A slUdy on 33 normal dogs showed that swabs 
from the lower trachea fai led to isolate bacteria 
from 63 % of the animals (Mc Kiernan et a/., 
1984). In animals with chronic diseases of the 
lower respiratory tract it is unusual to find 
bacteria which could be considered to be 
primary respi ratory tract pathogens and it 
is likely that most of the o rganisms arc 
secondary invaders. Bordetellil bronchiseptica. 
canine adenovi rus and canine plrainfluenza 
virus can be isolated from dogs with acute 
tracheobronchitis and fcline herpesviru s and 
feli ne calici\·irus can cause similar problems in 
cats. However, microbiology is rarely needed 
to diagnose these conditions. 

Parasitology 

Certain parasitological tests are useful when 
investiglting diseases of the lower respiratory 
tract. Respiratory signs arc common in heart· 
worm disease and this possibility should be 
checked out early in the investigation. 

Examination of bronchial discharges can also 
be carried out but it is usually easier although less 
se nsitive to look for swallo wed larvae in faeces. 
Lungworm infect ion in CltS is usually diagnosed 
in this way. 
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H.em,'ology 

Most of the haematological changes in animals 
with bronchial or pulmonary diseases are non
specific. Occasionally:l. m:l. rked rise in ci rcuLating 
eosinophils occurs in a dog or cat with respiratory 
signs and suggests an allergic or parasitic cause for 
the problem. Chronic respiratory disease with 
low oxygen tension may induce secondary 
polycythaemia. 

Blood I/'S lenslons 

Blood gas tensions remain at fairly normallevcls 
until the animal goes into serious respiratory fail 
ure and from this point the fall in oxygen tension 
parallels the decline in respiratory function. 
However, clinical signs alone arc enough to indi
cate that the animal is in serious difficulties. It is 
fairl y unusual to find elevated carbon dioxide 
levels in a conscious dog even if it has quite severe 
lung disease but raised carbon dioxide levels arc 
common in animals with respiratory depression 
due to illness or anaesthesia. 

Pulmonary function lests 

A range of function tests measuring flows, com
pli:l.ncc and volumes arc widely used to monitor 
respiratory discues in humans. Many of them 
require patient cooperation and arc not easily 
adapted to small animal patients. 

Values for respiratory compliance and pul
monary compliance have been published for dogs 
(Corcor:tn, 1991) but the necessity to make the 
measurements under anaesthesia and the variabil
ity in the normal values due to variation in the size 
:l.nd chest shape of different canine breeds limits 
the application of this measurement. 

Pulmonary scintigraphy 

Scanning techniques can be used to measure the 
distribution of radioisO[opes in the lungs. Usi ng 
special techniques, measurements of air flow and 
blood flow can be made. These techniques require 
expensive equipment and the usc of radioisotopes 
and are limited to only a few specialist centres 
(Bauer and Thomas, 1983). 

I olsa.sa conditions of Ihelr.che. , 
bronchi and lungs 

Infectious tracheobronchitis In dOllS 

This condition, which is often referred to by its 
common name of kennel cough, spreads readily in 
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kennels or pounds where numbers of dogs arc 
kept together. Affected animals suddenly develop 
:I. harsh hacking cough but in mon cases the dogs 
show no systemic illness and the cough resolves in 
a few days. Diagnostic tests a~ rarely indicated 
for this self-limiting condition but it is important 
that affected animals arc recognized and isolated 
as the disease can spread readily in hospital wards 
or via anaesthetic equipment. Several infectious 
agents arc involved and the~ is still some debate 
as to which arc the most significant. Routine 
canine vaccin t!S often include canine parainfluenza 
\'irus and canine adenovirus 2 and a vaccine for 
Bordetclid bronchiseptica is also available. An 
epidemiological study on the effectiveness of the 
vaccines indicated that vaccination reduces the 
risk of contracting infectious tracheobronchitis 
(Thrusficld et al., 1989). 

TrachtllJi and bronchial collapse 

Tracheal collapse is a common condition affecting 
dogs but not cats. Affected dogs arc middle-aged 
or old and belong 10 the toy breeds. The aetiology 
of the condition is unclear but grossly and histo
logically there arc degenerative changes in the car
tilaginous rings and the dorsal tracheal ligament 
which leads to dorsoventral fl amning and reduc
tion in the cross-sectional area of the trachea (Fig. 
35.4). Secondary inflammatory changes occur in 
the tracheal mucosa. The cervical or thoracic tra
chea or commonly parts of both may be involved 
and sometimes the mainstem bronchi may also 
collapse. Affected dogs are usu:l.lly presented with 
a long history of hush paroxysmal coughing but 
the animal is usually otherwise bright and well. 
Exercise and excitemelll often brings on the 
clinical signs. 

Plain radiographs may show a narrowed 
tracheal lumcn but may also fail to demonstrate 
collapse as it only occurs during certain stages of 
the respiratory cycle. Over-extension and over
flexion of the neck can produce apparently :l.bnor
mal tracheal outlines in nonnal animals. 
Definitive diagnosis can be made by endoscopy 
whcre the loose: dorsal ligament folds into the air
way and instead of a circular cross-section the tra
chea has an elliptical shape. Fluoroscopy is also :I. 

good method of diagnosing tracheal collapse. The 
occlusion of the airway is very obvious when the 
dog coughs and fluoroscopy reveals the location 
and extent of the abnonnality. The cervical tra
chea collapses during the inspiratory phase of the 
respiratory cycle whereas the thoracic trachea and 
bronchi collapsc during expiration. 
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Figure 35.4 The specimen on the left shows the shape 
of a normal canine tracheal ring. On the right the dorsal 
tracheal ligament is excessively stretched. The change in 
shape leads to occlusion of the airway. 

Many of the dogs with tracheal colbpse also 
have other chest pathology such as bronchial 
thickcning, obesity or left atrial di lation. It i5 not 
really clear what role these factors play in the 
aetiology of trachcal collap5e o r indeed which 
hClors arc C3.using the dog 10 cough. 

The disease is usually progressive l nd the signs 
get worse with time. Medical treatment to control 
the signs includes bronchodi lators, sedatives, 
antitussives lnd short courses of corticosteroids 
and these usually produce impro\'cment. In the 
author's view glucocorticoids lre much more 
efft"Ctive than the otiler drugs but side effects Inay 
be a problem on long-term Iherapy. In a series of 
100 cases reported by While and Williams (1994) 
71 dogs on medical treatment sllOwed resolution 
of clinical signs for longer then one ye3r. 

The role of surgery in this condition is still sub
ject to some debate. Good resul ts were claimed 
for a technique using a spirnl prosthesis applied 
around the trachea lnd sutured to the rings to 
restore rigidity (Fingland, 1989). However, 
further study has shown that in some lnimll5 the 
trachea becomes de\' italized due to damage to seg
mental blood vesscls which supply the trachea. In 
a modification of the original technique care is 
t3ken to preservc thc blood supply o n one side of 
the trachea (Coyne et aI., 1993). An al tcrnative 
u-chnique uses a number of separate ring prosthe
ses c3refull y placed to avoid damagc to too much 
of the v3scular supply. 1111' technique is not 
applicable to collapse of the tho racic trache3 and 
in practical terms many o f the cues ;I.fC not suit
able su rgical candidates and should be managt-d 
medically. 

Tracheal and bronchial fomign bodies 

Fo reign bodies in the conducti ng airw3Ys are 
uncommon in dogs 3nd vcry rare in Clts. The 
most common foreign bodies 3re grlss, wheat or 
b:trley 3wns. In some PJ.rts of the world there arc 
species of grasses which 3re particularly likely to 
cause this problem. A variety of other objects, 
many of them rad iodense, havc also becn 
reported. The fo reign objects commonly lodge at 
the carina or in a branch of the bronchial tree. 

Affected animals typically have a history of 1 
very sudden onset of sevcre coughing. Sometimes 
this stage is missed or no action is taken and thc 
dog develops 3 very chronic cough. Hal itosis is 
often a feature of chronic Clses but in gcneral the 
dogs arc quitc well. Radiography will reveal 
radiodense foreign bodies lying in the caudal part 
of the trachea but will not reve31 grass awns which 
ha\'e a radiodensity similar 10 surrounding tissues. 
Grass awns usually lodgc in a caud31 lobe 
bronchus and on radiography thcre is often a focal 
ill -defined increase in radiodensity round onc of 
the caudallobc bronchi. Bronchoscopy wi ll often 
l llow visualiz.ltion of part of a foreign body but it 
may bc necessary to first flush and aspirate sur
rounding exudate. The foreign body is removed 
using suitable forceps guided by endoscopy o r by 
fluoroscop y if the object is radiodense. Thcse 
cases usually hlVC a good prognosis (Dobbie et 
aI., 1986; Lotti and Niebauer, 1992). 

Canine chronic bronchial disease 

This is a rather ill -defined condition o r series of 
conditions affecting the bronchi. Other authors 
have used the terms chronic bronchitis, 
eosinophil ic bronchitis and allergic bronchitis but 
at this stage little is known about the aetiology 
and it is not clear whether there arc several dis
eases or variable manifestations o f one condition. 
The presenting signs arc similar regardless of the 
underlying aetiology. 

Affected dogs are middle 1ged to elderly and, 
although some authors say small breeds arc more 
commonly affected, it can occur in all sizes of dogs. 
The history of these Clses includes a long period of 
coughing sometimes with periods of rcmission but 
there is a tendency for the cough to become mo re 
troublesome. Sometimes there arc signs of ai rw:ay 
Obstruction but apart from thesc signs the dogs 3re 
usuall)' well. The findings on chest auscultation are 
variable but in some cases crackles and wheezes 3re 
pronounced. On radiography the lungs often show 
increased imersti ti31 density and pronounced peri-
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bronchial density but in milder form these changes 
resemble the pattern commonly :mributed to age
ing (Fig. 35.5). Patrid and Amis (1992) question the 
attribution of bronchial changes to ageing as they 
believe that these animals have true bronchial 
pathology. Cytology on bro nchial washings from 
a series of 16 cases revealed that neutro phils were 
the predominant cells in 14 dogs whereas 
eosinophils were the main cells present in two 
animals (Patrid et ai., 1990). 

FigUrt 35.5 Chronic bronchitis in a dog. The arrows 
Indicate thickened bronchial walls which show as distinct 
parallel lines in longitudinal projection and as circles in 
transverse projection. 

On endoscopic examination the bronchial 
mucosa appears thickened and inflamed and there 
is a considerable amount of a thick mucopurulent 
exudate. There is some discussion in the literature 
about the prevalence of secondary bacterial infec
tion but in one study bacteria were isolated from 
only a small proportion of dogs with chronic 
bronchial disease (Patrid et ai., 1990). The 
pathological changes include thickening of the 
bronchial mucosa with inflammatory cdl infiltra
tion and increased mucus production (Pirie and 
Wheeldon, 1976). 

Respir:uory function studies o n a series o f dogs 
with chronic bronchial disease showed that some 
of the animals had low blood oxygen tensions but 
all had nonnal carbon dioxide tensions. C hanges 
in expiratory air flow pattern and in the regional 
distribution of an inhaled radioaerosol were also 
found in some dogs. The findings are compatible 
with obstructive disease in the airways. Followi ng 
bronchodilator therapy the expiratory flow 
improved but there was no improvement in blood 
oxygen tension (Patrid ct at., 1990). 
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Bronchiectasis is a term used for irreversible 
bronchial dilation caused by the destruction of 
the elastic and muscular components of the 
bro nchial wall. The cause of these changes is 
unclear and it is unknown whether bronchiecl:l.sis 
is :an cll"tcnsion o f th~ dis~ase proc~ss in ~hronic 
bronchitis o r whether there is some o ther aetiol
ogy. The dilated segments of bronchi fill with 
secretion resulting in :a chronic cough. Diagnosis 
is made by contrast radiography of the bronchial 
tree and as this technique is infrequently per
formed the true prevalence of bronchiectasis is 
unknown. In the dog the crani:al and middle lobes 
are more frequently involved and it is usual for 
seyerallobes to be involved . Unless the lesion is 
very res tricted and can be excised [he outlook for 
tr~atment IS poor. 

Congenital :abnormalities in the structu re and 
function of epithelial cil ia hav~ been reponed in 
dogs. The term ciliary dyskinesia has been used 
to describe the dysfun ction which results in 
poor clearance of respiratory secretions. Young 
dogs are affected and have chro nic accumulation 
o f nasa.l and bronchial discharges. Diagnosis is 
made on recognizing the abnonnalities in cil ia 
obtained by bronchi:!.l biopsy and examined by 
electron microscopy. However, it has been said 
that abnormal ciliary ultrastructure can be pro
duced by acquired respirato ry dise:l.5es. Dogs 
with primary ciliary dyskinesi:a may have other 
congenital abnorm:alities such as immot;le sperm 
and situs inversus where there is tr.tnsposition 
of the he:art and abdominal organs (Crager, 
19')2). 

The lo ng-term prognosis for chronic bronchial 
disease is not good as the disease process is rarely 
reversible. However, medic:al ther:apy can often 
relie\'e the signs to a considerable extent. Ther.tpy 
may include bronchodilation, conieosteroids to 
reduce airw:!.y inflammatio n and antibiotics to 
contro l infection but it should be noted that the 
majority of cases prob;t.bly do not have signific:ant 
bacterial infection. Obese dogs have large accu
mulations of fat within the mediastinum and a 
weight reduction programme often improves 
respi ratory function in these cues. Mucolytic and 
expectorant drugs may help to clear bronchial 
secretions but there is some debate on the effec
tiveness of dru gs currently available for this 
purpose. The use of cough suppressan15 may be 
criticized on the grounds that retention of excess 
secretions may enhance the dam:age to the airways 
but in some c:l.5es symptomatic rel ief from almost 
continual coughing is essenti:ll fo r the dog and its 
owners. 
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FtlllnB bronchial disease 

Bronchial disease in the cat is no t particularly 
common and differs in many respects from the 
d isease in dogs. The conditio n has some similari
ties CO human as thma and the terms feline asthma 
and fcline allergic bronchitis have been used. 
Young adult animals :lre usually invoh·ed and the 
clinical signs arc often interminem with normal 
respiration in between. The main presenting signs 
arc periods of coughi ng and airway obstruction. 
On ph ysical examination no abnormality may 
be found but during attacks the cat may show 
obvious expiratory difficulty and on auscultation 
wheezes may be heard during expiration. On 
radiology the lungs may appear over-inflated due 
to air lupped b)t bronchial constriction. 

Bronchial wash cyto logy often reveals 
increased numbers of eosinophils, macrophages, 
neutrophils and lymphocytes but o nly in a small 
proponion of cats are eosinophils the prcdomi
n;am cell type (Corcoran et al., 19'15). 

The aetiology of the conditio n is unclear but 1I 

hypersensitivity response is thought to be respon
sible fo r causing intermittent bronchospasm, 
although the inciting ;agents have not so far been 
identified. 

Treatmem involves corticosteroids and bron
chodilalOrs 10 control the condition but for some 
cats long-term treatment is needed (Moise et aI., 
1989). 

Baclerlal bronchopneumonia 

Acute bacterial bronchopneumonia is uncommo n 
in cats and dogs which are vaccinated against 
respiratory viral infections ;and have w;arm dry 
ho using. A report on 42 canine cases found that 
sporting and working dogs were more likely to be 
involved and 47% of the dogs were less than one 
year o f age. The clinical presentatio n can be quite 
vari;able. Coughing is common but nOt ;a feature 
of every case. Pyrexia and signs o f systemic illness 
are also common. Radiographic changes in the 
lungs arc variable in extent and include interstitial 
and alveolar radiodensities. The white cell picture 
typically shows a neutrophilia with a left shift and 
bronchial cytology reveals a septic mucopurulent 
exudate. Gram-negative organisms predominate 
(Thayer and Robinson, 1984). 

Acute necrotizing pneumoni;a due to strepto
coccal infection has been reponed in mixed 
breed dogs admitted to 2 research establishment 
(Garnell c1 ai., 1982). A similu o utbreak with a 
high mo rtal ity caused by streptococci has been 
seen by the author in a greyhound kennel. Acute 

cases o f bacterial bronchopneumonia may die 
before theupy C:ln be instigated but less acute 
cases can be expected 10 respond to antibiotic 
~herapy .an~ supportive therapy ai med at improv
mg respIration. 

C hronic bacterial bronchopneumonia is not 
commo n in dogs or cats although cases are 
occasionally seen. Unusual organisms such as 
actinomyces may be found in the lesions. The 
patho logical proceSses may be reasonably 
restricted to o ne or mo re lobes and will be seen as 
conso lidated areas o n radiography. On bron
choscopy pus will be seen coming frum the 
bronchi of affected lobes. Treatment of this type 
of pneumonia is difficu lt and may not be very 
rewarding. The animal may improve while on 
antibiotics only to relapse when treatment stops. 
If medical treatment is to be successful it witi h;ave 
to be continued for several months so a non-toxic 
d rug must be chosen. If the lesion is confined to 
o ne lobe surgical excision may be useful but it is 
likely that at tho racotomy the presenee of addi
tional small focal lesions shows that the disease is 
more widespre;ad than indicated by radiography. 

Asplrallon pneumonia 

Aspiration pneumonia can present as an acute o r 
chronic problem. The acute fo rm is more dn.
matic but the chronic fo rm is probably more com
mono Acute aspiration occurs when 2n animal 
vomitS and inhales food and gastric secretions 
while recovering from anaesthesia. Veterinarians 
are well aware of this risk and the measures to be 
taken to prevent it. Another cause of acute aspira
tion is near drowning where water is inhaled. This 
is nOt a common accident and in the author's 
experience it usually involves young dogs foalling 
into swimming pools. 

Chronic aspiration occurs in animals which 
have swallowing difficulties due to dysfunct ion o f 
the pharynx or oesophagus or abnormal laryngeal 
function due 10 disease or follo wing surgery. The 
pneumonia is often limited :wd mild but the 
animals have a cough. Diagnosis of inhalation 
pneumonia is usually made o n history and clinical 
signs. On radiography there are one or more large 
areas of consolidatio n usually involving the 
dependent parts of the lungs but the radiographic 
findings are not pathogno monic although they do 
give a good indication o f the cxtent of the disease. 

For chronic aspiration the prognosis is quite 
good for the small number of cases where the 
underlying pro blem can be corrected. Acute aspi
ration is often a serio us si tuation where extensive 
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lung d~struction will occur despi[~ vigorous cor
rectiv~ and supportiv~ ther.lpy. 

p,,,,/tfc Inf,ctlon 

H~anworm diseas~ caused by Dirofilari4 immitis 
is prevalent in many parts of the world. The pres
ence of adult worms in the pulmonary arteries 
leads to inflammatory changes in the arteries and 
the lung parenchyma and severely affected dogs 
ar~ oft~n pr~s~nted with a history of coughing and 
poor exercise toler.lnce. Heartwo rm disease must 
always be includ~ as a possible caus~ of dis~ase 
of the lower respir.ltory tr.lC[ in dogs which have 
lived in a r~as wh~r~ the disease is endemic. The 
diagnosis and treatment of Dirofilaria infection is 
discussed in Chapter 48. 

Angiostrongylus vasorum is a nematode parasite 
which appears to be increasing in prevalence in a 
number of Europ~an countries. The l if~ cycle of 
this parasite involves an int~rmediat~ host and 
s~v~ral species of snails and slugs ar~ known to be 
involved. Aduh parasites reside in the right v~n
tricle and branches of th~ pulmonary artery. Eggs 
hatch in the pulmonary vessels and first stage lar
va~ pass into the alvwli and th~n via the bronchi 
and alimentary tract to the faeces. Common 
presenting signs in infected dogs arc coughing, 
dyspnoea and reduc~d exercis~ tolerance. 
Radiographic changes commonly found in dogs 
with c1inic:a1 signs are numerous ill-defined focal 
areas of increased radiodensity throughout th~ 
lung fields. Specific changes associated with right 
v~ntricle or pulmonary artery involvement are 
less common. 

Studies on inf~cted dogs have recognized a 
number of clinical signs not directly :mributable 
to respiratory disease. It is known that the para
site can occasionally be found in the synemic 
circulation and it is postulated that unusual 
signs may be produced by inflamm:uion o r 
thrombosis due to parasites which have lodged 
in systemic art~ri~s. Diagnosis is best confirmed 
by finding larvae in faeces o r bronchial wash 
specimens. Sueeeuful treatment has been 
reported using oral fenbendazo le at a dose rate 
of 20 mg kg-' dar ' for three weeks or 0.2 mg k ' 
ivermectin by subcutaneous injection o n one 
occasion o r on two occasions a w~ek apart 
(Martin e l aI., 1993). 

Ae/urostrongylus absrrusus is a common para-
5ite in c:au in many areas of the world (Fig. 35.6). 
The parasite has a somewhat complicated life 
cycle involving an intermediate host (slugs and 
snai ls) and sometimes a transport host (bird, frog 
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FlgUft 35.6 Aelurostrongylus la rva in callaeces. 

or rodent). The adult parasite develops in the 
terminal bronchioles seuing up bronchiolitis and 
interstitial pneumonia. Although infection is very 
common most cats are asymptomatic. However, 
cats arc occasionally presented with severe dysp
noea and a marked cough. On radiographs of the 
chest there arc multiple, ill-defi ned o pacities 2-
) mm in diameter widely disseminated through
Out the lung fields. There arc alveolar, bronchial 
and interstitial changes but the bronchial and 
interstitial changes may become more obvious 
when the alveolar changes clear (Losonsky tt al., 
1978) (Fig. 35.7). Diagnosis can be confirmed by 
finding larvae in bronchial washings or in faeces 
(Willard et aI., 1988). Treatment with fenbcnda
zoic must be carried out fo r several days to kill the 
adult parasites and corticosteroids and bron
cho?ilators may be r~uired for s~verely dysp
noeic cats. 

FilaroiJes oslen is a canine parasite which has a 
wide geographical distribution but a low preva· 
lence of disease. The parasitcs produce multiple 
granulomas, several millimetres in diameter, in the 
trachea and bronchi near the carina. A common 
mod~ of transmission is from mother to pups and 
it is suggested that this occurs when the mo ther 
feeds the pups on regurgit:ued food. Affected 
dogs have a loud and persistent cough and very 
severe cues milY have il degree of airway o bstrut
tion. Diagnosis is easily made on endoscopy but 
the granulomas are sometimes seen on radio 
graphs and the larvae may be found in faeces o r 
bronchial washings. In the literature there are case 
report:s o f successful treatment with a number of 
anthdmintics but no carefully followed-up trials 
to ~st2bl i sh the effectiveness of treatment for this 

• parasite. 
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Flgurtl 35.7 Severe Aelurostrongylus Infect ion in a cal. 
There are numerous ill-defined radiodense foci through
out the lungs. 

Eosinophilic pneumonia 

At the present time the disease or complex of dis
eases associated with hypersensitivity reactions in 
the lower respiratory tract arc nOl clearly under
stood. The main reatures arc inflammatory 
changes in the bronchi o r lung parenchyma asso
ciated with substantial eosinophil infiltration and 
quilc of len an elevation in the number of circulat 
ing eosinophils. A number o f names have been 
used for this condition including eosinophilic 
bronchitis, allergic bronchitis. pulmonary 
eosinophilia and pulrnonary infilu-;uioll widl 
eosinophils. The disease process is thought 10 
invoh,c an IgE-medialed allergic reaction to as yet 
unidentified allergens. 

Dogs with this cond ition have a history of 
persistent coughi ng, sometimes with evidence o f 
dyspnoea and airway obstructio n on chest auscul
tation. Bronchoscopy shows infl ammatory 
changes in the "irways with numerous eosinophils 
preselll in bronchial wash samples. A circulating 
eosinophil ia is common but not invariably present. 
The radiographic changes are variable but uJuall), 
include peribronchial thickcning and increased 
interstitial radiodensity but alveolar changes arc 
also sometimes present (Fig. 35.8). At an t"arty stagt" 
of the d isease investigation it is importanl to rule 
OU t parasi tic infection as heartworm cases often 
have eosinophilia and a history o f coughing and 
mher paruites may also cause eosinophilia. 

Treatmenl with prednisolone usually produces 
a good clinical response and SOllIe degree of reso
lution of the lung pathology as assessed by radiol
og)'. In a series o f 14 C;\scs 12 dogs went into 
complete remission on prednisolone therapy 

Figure 35 .B Eosinophilic pneumonia in a dog. There 
is marked peribronchial thickening seen as circular 
radiodensities round the end-on bronchi. There is also 
considerable interstitial radiodensity. 

alt hough six dogs required continuou~ or 
repeated medication (Corcoran el ai., 1991 ). 

Pulmonary humorrhage 

Radiographic studies on injured dogs have shown 
that a high proportion have some degree of pul
monary haemorrhage shonly after Ihe accident. 
O n radiography there are patchy alveob.r densi
ties with air bronchograms and in some cases 
whole lobes rna)' be consolidated . These haemor
rhage~ arc usually not, in themselves, life-threat
ening and many dogs show no clinical signs o f 
pulmonary inju ry. The damage normally resolves 
in a few days without active treatment. 

The imponance of lung contusion lies in the 
risk il adds to animals which have anaeslhesia and 
surger), for other injuries. Unless there is a com
pelling necessity for immediatc surgery it is best 
to delay repair o f injuries fo r 24--48 h to allow full 
evaluation of the injured animal including assess
ment of respiratory function . 

Pulmonary oedema 

Veterinarians arc very familiar with left-sided 
heart failure in dogs where the animals ha\'e a 
hislOry o f coughing and rad iographs of the chest 
show left atrial enlargement and pulmonary 
oedema. Howc\'er, it seems likel y that in many 
cases the cough is due to the dilated left 
atrium pressing o n the left mainstem bronchus. 
Dyspnoea is usually a more obvious sign of 
pulmo nary oedema than coughing especially in 
the cat. 
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The pathogenesis of pulmonary oedema is 
fairly complex but the most important facto rs 
arc increased C2pillary hydrostatic pressure and 
changes in alveolar and vcssel wall permeability. 
Pulmonary oedema can be classified into hydro
static o«iema and permeability oedema although 
some aetiologies cause both types of change. 

Hydrostatic oedema is a common cause of 
respiratory signs and respiratory failure in small 
animals. It is usually produced by left-sided heart 
failure resulting from mitral valve insufficiency 
in dogs 3nd cardiomyopathy in dogs and cats. 
Hydrostatic oedema can be iatrogenic due to 
overtransfusion of colloids but dogs with healthy 
kidneys are fairly resistant to overtransfusion 
although more care may be necessary in cats. 
Textbooks describe a number of causes o f perme
ability oedema such as ncar drowning, smoke 
inhalation and electrocution but all of these arc 
uncommon. 

It is often impossible to make a diagnosis of 
pulmonary oedema on history and physical exam
ination alone as the signs 3re variable in presenta
tion and not sufficiently specifi c. Dyspnoea with 
rapid shallow respiration is seen in severe cases. 
On chest auscultation there may be abnormal 
airway sounds and in cases with cardiac disease 
heart murmurs or arrhythmias may be dctected. 
Radiogr.aphy of the lungs is very helpful in est:lb
lishing a diagnosis of pulmonary oedema but 
distrcss«i animals must be handled carefully and 
radiography may have to be delayed umil respira
tory fai lure is controlled. Radiographic changes 
include coalescing fluffy densities and air bron
chograms and the lesions have a perihilar, dorsal 
and bilateral distribution. If the oedema is due to 
C2rdiovascular disease changes in cardiac omline 
may also be noted (Allen and Kruth, 1988). 

It is important to recognize that the clinical 
signs of dyspnoea and sometimes coughing 
develop late in the process when the animal's 
respiratory reserve is all but exhausted. In severe 
cases emergency resuscitation may be required. A 
number of measures can be helpful. 

Administration of oxygen can relieve hypoxia 
provided the animal does not struggle too much. 
Exercise restriction by cage rest of len produces a 
marked improve.ment and sedatives can be used 
but must nOI cause respiratory depression if the 
animal is ncar respin.tory failure or vasodilation if 
this is contr.aindicated by the animal's clinical 
condition. 

Diuretics such as frusemide are usually very 
effective in relieving pulmonary oedema in the 
initial stages but they will become less effective as 
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the underlying disease causing oedema pro
gresses. Overuse of diuretics by reducing extra
cellular fluid can lead to inadequate circulating 
blood volume. 

Pulmo nary oedema can reflex ly induce bron
choconstriction so bronchodilator drugs may be 
helpful. In cases where the oedema is due to 

changes in permeability glucoconicoid drugs may 
be indicau.'Ci. 

The prognosis for animals with pulmonary 
oedema is gcnerally not very good. The immedi
ate therapy for the oedema is usually effective but 
many of the underlying diseases such as cardio
myopathy and valvular disease :ue progressive so 
the aim of treatment is to improve the animal's 
condition and extend iu life by therapy which 
assists cardiac function and controls oedema. 

Paraquat tOllclty 

Acute respiratory distress and renal failure a few 
days after accidental ingestion of the herbicide 
paraquat has been reported in dogs. Affected ani 
mals sho w signs of progressive respi ratory fai lure 
associated with alveolar haemorrhage, oedema, 
nccrosis of the bronchial and alveolar epithelium 
and pulmonary fibrosis (Darke et aI., 1977). The 
prognosis is extremely poor but there is a report 
of one case treated successfully with supportive 
therapy (O'Sullivan, 1989). 

Pulmonary nBop/asla 

Secondary tumours which develop after metasta
tic spread from a neoplasm elsewhere arc com
mon in small animals. Common cani ne tumours 
which readily spread to the lungs include mam
mary gland carcinoma. fibrosarcoma. melanoma. 
ostcosarcoma and haemangiosarcoma. Sccondlry 
tumours rarely produce clinical signs of respi ra
tory disease. unless miliary in nature. 

Primary tumours arising from bronchial or pul
monary tissues are rare in catS but are found occa
sionally in o ld dogs. The clinical radiographic and 
pathological features of 17 fcline cases have been 
described (Barr rt a/.. 1987). In a survey of 2 10 
canine cases 75% were adenocarcinomas and 20% 
were al\·eolar carcino mas (Ogilvie et al. , 1989a). 

Dogs with primary pulmonary ncoplasms have 
variable prrsenting signs which may include 
coughing, dyspnoea, lethargy, weight loss and 
diminished exercise tolerance. The radiographic 
appearance of the lesions can be variable and 
sometimes quite confusing. in some cases there 
arc single well-circumscribed masses and occa
sionally thcrc are multiple masses. Other cases 
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362 I DISEASES OF THE RESPIRATORY SYSTEM 

Filiura 35.9 Bronchial carcinoma in a dog. The large 
radiodense lesion is fairly well circumscribed in the 
caudal lung lobe. 

show lobar consolidation or diffuse infiltration 
throughout most of the lung (Fig. 35.9). These 
variable radiographic changes mimic those pro
duced by many non-neoplastic condi tions so that 
final diagnosis depends on finding neoplastic cells 
in samples obtained by fine needle aspiration o r 
bronchial wash o r biopsy at tho racotomy. 

On rare occasions dogs with lung neoplasms 
den~ lop paraneoplastic syndromes of which the 
most common is hypertrophic osteopathy in 
the bones of the distal parts of the limbs. In 
the series of 210 cases mentioned above hyper
trophic osteopathy was fou nd in six dogs and 
other parancoplastic syndromes were even less 
common. 

The results of surgical excision of primary lung 
neoplasms in dogs has been assessed in a series of 
76 cases. When all macroscopic tumour was 
removed and there was no obvious lymph node 

enlargement the median survival was 330 days. 
H owever. animals with widespread tumours or 
lymph node enlargement had a much shorter 
survival (Ogilvie et al .• 1989b). 

Pulmonary thromboembolism 

Acute thrombosis of the pulmonary :lrten es ean 
cause severe illness and death in dogs. The condi
tion is not easy to diagnose and most o f the infor
mation comes from necropsy surveys. Affected 
dogs are usually middle aged or old and are 
affected with underlying conditions such as 
cardiac disease, neoplasia. hyperadrenocorticism, 
disseminated intravascular coagulation or sepsis 
(LaRue and Murtaugh, 1990). In a series of 31 
dogs treated fo r immune-mediated haemolytic 
anaemia 10 animals developed pulmonary 
thromboembolism (Klein el al., 1989). 

The clinical signs of respiratory dimess and 
the changes o n plain radiographs arc not diag
nostic. Pulmonary arteriography or combined 
ventilation and perfusion scintigraphy will 
demonstrate the vJ.scu]ar occlusion but these 
facilities arc not readily available and the dogs 
are often very ilt. At thc present time the prog
nosIs IS very poor. 

I MEDIASTINUM AND PLEURAL CAVITY 

Changes within the mediastinal and pleural spaces 
occur in a number of disease conditio ns in dogs 
and cats. The mediastinum connects cranially 
with the deep fascial planes of the neck through 
the thoracic inlet and the mediastinum also com
municates with the peri\·ascular and peribronchial 
interstitial spaccs of the lung. Thcre is normally 
no communication between the mediastinal and 

Table 35.4 Drugs lor diseases of the trachea, bronchi and lungs 

Oro, Species Don and roule (m; kg-') Frequency Durallon Indications 

ThltDphyiline 0 9. p.o. 6h as required Broochodllation 
Theophylline C 4. p.o. 8h as reqUIred BroochodilatlOn 
TerbutaHne C 0.6. motcal 12h as required BrOfichodllalion 

p.O .. s.c. 
Codeine 0 0.2, p.o. 6h as ,eQuhed Cough supp,ession 
Dexlromelhorphan 0 1.5. p.o. 8h as ,equlred Cough suppression 
Butorphanol 0 0.5, p.o. 12h as required Cough Supp'e5sion 
Fenbendazole C SO, 110_ 24h "'.ys Ae!urostronayius 

abslrusns 

C. cat; 0, dog. 
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plcunl spaces but lesions developing in the 
mediastinum, fo r example tumours, o ften cause 
changes in the plcunl c:lviry such as effusion. 

In most dogs and CatS there is not a tight air or 
fluid sW bctwttn the left and right pleur.tl 
cavities. Ventral puforations in the mediuunum 
make it likdy that a disease process will involve 
both sidc:s although occasionally unilateral 
changes are sttn. 
Dyspn~a is a common clinical sign in animals 

with mediastinal o r plcun.1 diseases. Thest ani
mals develop conStrictive respir.llory failure when 
fluid or solid structures limit lung expansion. 
Mediastinal masses may connric1 veins and lym
phatics and may interfere with the function of th C' 
~sophagu5, trachea and vagus nerves producing a 
wide range of possible clinical signs. In normal 
cau the anterior PUt of the chest is quite pliable 
and can be easily compressed bUi in c:us with 
mediastinal neoplasms, for eX:Iomple Iymphosar· 
coma, the chest feel s solid and resists eompres-

• 
slon. 

I Diagnoi lic procedures for the 
medlasllnum .nd pl.ur.1 c.vlty 

Ri dl%IY .nd ultrl,onoo"phy 

Radiology is ohen helpful in identifying medi
astinal o r pleural lesions. Air within these 
spaec:s produc(:5 an increase in radiolucency and 
flu id o r solid lesions or org."ns arc radiodense 
and conceal many of the normaJ structur(:5 o f 
the ch(:5t. Removal of a m:lojor pan of the flu id 
may be necessary before di:lognostic fi lms arc 
obtained. Fluid is, however, useful fo r ultra· 
sound examination of the chest as flu id con
ducts sound much better than air-filled lungs. 
OccasionaJly solid organs such as the liver may 
be identified in animals with effusion fo llowing 
diaphr:logmatic rupture. 

Enmlnillon of pl,u,,' nuld , nd tlISU' ISpl",1S 

Thoracocentesis is indicated in cases where there 
is fluid in the pleural cavity. Samples are normally 
obtained by insening :10 needle thro ugh the sev
enth or eighth intercostal space a little higher th :lo n 
mid way between the sternum and the spine. Most 
infonnation is obtained from the protein content 
of the: fluid, the number and type of cells in the 
fluid and the presence or absence of bacteria. Fine: 
needle a.spiration cytology o f luge" mediastinal 
muses will ofte:n confirm that the lesion is neo· 
plastic. 
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Exploratory IUfg'ry ,nd ,ndoseopy 

In a small number of cases a de"finitive: diagnosis 
cannot be established and exploraro,), thoraco· 
tomy may be required but this is probably o nly 
justificd in cases where there is some prospect of 
removing the lesion. Endoscopic technique'S haVe" 
bee:n described for the mediastinum and pleura 
but u anaesthe:sia and full asepsis is re:quircd the"Y 
seem to have little adv:lontage over thoracotomy. 

I Di ..... condilions olth. 
m.dlasllnum and pl.ur.1 c.vlty 

Pn.umom,dlasllnum 

This condition usually arises after a motor vehicl e: 
accident but it can arise: from an injury at the base: 
of the ne:ck extending into the trachea. In mOSt 
cases the o rigin of the air in the mediastinum is 
unknown but is tho ught to arise from :10 small rup
ture: of lung tissue at the hilus of the lung. The air 
tracks along the: connective: tissue to the medi
u linum and thcn to the: subcutaneous tissue: via 
the: entrance to the chest between the first ribs. 

Conside:rable amounts of ai r can accumulate: 
causing quite" markcd diste:nsion of the subcuu· 
neous tissue of the hud, neck :Iond thorax. The 
condition is euily recognized on p;alpation of 
the distende"d subcutaneous tissue where" there: is 
cre:pitation o r a crackling sensation. On che:st 
radiography several normal structur(:5 which arc 
not normally visible arc clearly ddine:a ted by air 
in the mediu tinum. Both inner and outer aspects 
o f the trachea will be seen plus major branches of 
the aorta, the cranial vena can and the azygos 
vein. Gas shadows may be seen extending from 
the: tho r:locic inle"t into the tissues of the neck 
(Fagin, 1988). 

Although the clinical presentation o f sub
cutaneous emphysema looks quite dr:lnullic the 
:Ionimals do not appear sick unless they have other 
injuries. In a series of 17 case:s 14 of the dogs also 
had pneumothorax (Van den Brock, 1986). The: 
cond ition is usually self-limiting and the subcuta
neous air is re-absorlxd in a few days. 

M,dl,stln,' n.op/II', 

Primary mediastinal neoplu ms may arise from 
lymph nodes, thymus, aortic body chemo recep
tors o r ectopic thyroid o r parathyroid tissue. 
Lymphatic tumours involving thymus or lymph 
node arc by far the most common. Mediastinal 
tumours cause: clinical signs by rcs tricting lung 
expansion or by compressing and some:times 
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invading the vena nva. thoracic duct, oesophagus, 
tN.chea or heart. The dise.ue process often leads to 
fluid collecting in the pleural cavity. The lesion is 
usually identified on radiography as a large mass 
in the cranial mediastinum although in some cases 
fluid will have to be drained before the tumour 
can be demonstrated. On a venlrodoml view it is 
o hen noted that the ai r· filled trachea is deMly 
deviated to o ne side by the mass. Confirmation of 
thC" disC"lIC" is nudC" o n finding nroplastic cells in 
pleural flu id or o n fine needle aspiration cytology 
of the mass. 

Thc prognosis for these neoplasms is not very 
good. C hemotherapy may be considered fo r 
lymphatic neoplasms. Some succC"ss has been 
claimed for surgically resttt ing some mediasti
nal tumours but in general most of these 
tumours :'Ire tOO malignant or too extensi",: for 
sUf1)ery. 

Pneumothorax 
Pneumothorax nil arise from a penetrating 
wound in the thofilcic wall or from perforation 
of the thoracic oesophagus o r trachea or from 
tesions in the lung such as bullae, foreign bodies 
or tumours. Howt'\,er, ,hese arc uncommon 
causes. In moS! cases pneumothorax follows a 
motor vehide accident and the air is presumed 
to comt' from ;II small teu in the lung. As the 
pleural space fills with ai r, lung expansion 
be-conlcs much reduced and the animal becomes 
obviously dyspnoeic. An uJXrimenu.l study o n 
hel.lthy dogs found that they cou ld tolerate a 
volume o f ai r in the thorax equal to 150% o f 
lung volume witho ut overt distress. Increasing 
the pneulllothorJ.x to over 175% o f lung 
volume caused distress (Bennett et al., 1989). 
Increased resonance may be detected on chest 
percussion and the diagnosis is easily made by 
radiograph)' when the collapsed lungs are seen 
to be surroundl-d by radio lucent areas with tl O 

bronchial pallern . Usually the air extends to 
both sides of the chest. 

Animals with pneumothorax often have other 
injurie:s such as pulmonary hae:morrhage, 
hat'mothorax or diaphragml. tic hernia. The lung 
tel.rl tend to sc11 after the lung collapses. Animals 
with moderate d yspnoea will rtto~' er in 3-4 days 
with cage feSt alone. Fo r animals with severe res
piratory problems provision should be- made for 
continuous drain;!.ge: until leakage of ;!.i r stops. If 
the pro blem cannot be contro lled this way 
thoracotomy to identify and dose: the Icak may be 
considered but fOrtllnately is rarely required. 

Hltlmothorax 

A degree of hacmothorax often accompanies 
other traumatic injuries to the chest. In the: 
absence: of any histo ry of trauma warfarin poison· 
ing is probably the most likely cause of severe 
intrapleural haemorrhage. A prolonged activated 
cloning time in a sample of circulating blood 
suggests further im'esligation of ;1. c01gulation 
disorder. 

Signs o f haemorrhagic shock hccome ob"ious 
when a dog loses 30 Illi blood kg-' body wcight 
from the ci rculat ion (20 ml kg ' for a cat). Severe 
shock occurs when a dog loscs 40 ml kg-' or a cat 
loses 30 ml kg-'. About 30 ml kg-' o f Auid must 
accumulate in the pleural space before a dog 
shows any signs of respiratory difficul ty at rest 
1nd al least 50-60 ml kg-' must accumulate befo re 
a dog shows severe d yspnoea (Crowe, 1988). 
Thus thc absence of dyspnoea cannot be Ilken to 
rule: out thoracic haemorrhage and the increase in 
respiratory rate which occurs with haemothorax 
is largely due to hypovolaemic shock. 

Radiogr1phy and ultrasonography will confirm 
that thcre is Auid in the thorax and an aspirated 
sample will establish a diagnosis of haemothoru. 
Blood lost into the pleural 'pact' usually docs not 
clot. This is due to r.apid defibrinatio n and activ;!.
tion of fibrino lytic mechanisms. If a sample: 
obtained by tho racocentesis clots th is suggests 
that the sample has been obuined by tr.aumatic 
damage to ano ther structure. 

A substJ.ntial proportion of red cells shed into 
the pleural space are eVentU111y re-absorbt'd into 
the circulation so haemothorax is usually man
agt'd conservatively without chcst drainage. If the 
animal shows severe s llock or se" cre dyspnoca 
auwtransfusio n may be useful particularly in 
C.:l.SCS with anticoagulant poisoning. H ere blood is 
lSpiratcd fro m the chest and re-introduced into a 
vein. There may be some risk of release of inAam
matory factors from damaged platelets but the 
risk may be justified whcn dealing with an acute . . 
emergency SltuatJOn. 

There is some controversy in the liter.ature 
about the eomplicltions of haemOlhorax. It is 
suggested that 011 some occasions fibrin deposited 
on the pleura o f the lung leads to COntracting 
fi brous tissue and res tricted lung expansion. It is 
unclear whether this complication occurs to a 
significant extent in dogs ;!. nd cats. 

Pleural e"us/on 
The pleural ca"iry in a normal cat o r dog contains 
2-1 0 ml Auid. Pleural fluid fo rmatio n is con-
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u-ollt'd by the balance of Starling's forces; munely 
colloid oncotic pressure and capillary hydromtic 
pressure. 

The hydrosu.tic pressure in the u pillaries 
which supply the parietal pleura is higher than the 
pressure in the pulmonary capilbries which sup
ply the visceral pleura. Hence, fluid is product'd 
on the parieul pleura and absorbed on the visceral 
pleura. Some absorption also occurs vialymphat
ics on the parieul pleura. Accumuluion of fluid in 
the pleural space comes about due to decreued 
absorption or increast'd production (Forrester, 
1'88). 

The mechanisms causing pleur;ll fluid to accu
mulue are: 

I. lncreast'd capillary hydrostatic pressure, for 
example congestive heart failure; 

2. Decreast'd capillary oncotic pressure, for 
example hypoalbuminaemia; 

3. Increased capillary permeability, for example 
inflammation or neoplasia; 

4. Lymphatic obstruction, for example neoplasia. 

The presence of pleural fluid is normally recog
nizt'd on thoracic radiographs. Dogs and cats which 
have dyspnoea at rest have very large amounts of 
fluid in the pleural space and this is easily secn on 
radiographs. The presenceoflarge amoums of fluid 
will obscure the radiographic details of structures 
such as the heart and lungs and removal of much 
of the fluid may be necessary in order to look for 
o ther thoracic lesions, particubrly neoplasms. 
However, before removing the fluid ultrasound 
examination may be worthwhile. 

Examination of a sample of fluid is an impor
tam step in the diagnostic process. Most informa
tion is obuined from the protein content of the 
fl uid, the number and type of cells present and the 
presence or absence of bacteria (Forrester et aJ., 
1'88). 

Pleural effusions can be classified as transu
dates, exudates or chylous effusions. Pure transu
dates have a protein content of less than 25 g 1-' 
and a nucleatt'd cell coum of less than 1000 ml-'. 
The presence of fluid in the pleural cavity can set 
up an inflammatory response with an increase in 
protein above 25 g 1-' and an increase in cells up to 
5000 ml-'. The fluid is then usually described as a 
modified transudate. Exudates have a protein 
concentration over 30 g 1-' and in excess of 7000 
nucleated cells per ml (French, 1990). C hylous 
effusions have a milky colour and contain large 
numbers of chylomicrons_ 

The common causes of pleural effusion arc 
listed in Table 35.5. 
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PfBUflJ transud,tes 

The term hydrothorax is sometimes used for the 
condition where transudate accumulates in the 
pleural cavity. Pure transudates are not very com
mon in cats or dogs and when they do occur they 
arc most likcly associated with low oncotic pres
su re due to hypoalbuminaemia. Modified transu
dates arc quite common in both species due to a 
number of causes which include right-sided heart 
fai lure, neoplastic obstruction of venous or 
lymphatic drainage and diaphragmatic hernia 
with occlusion of venous drainage from herniated 
liver lobes_ Sometimes neoplastic cells are obvious 
on cytology but in o ther cases the cause of the 
pleural transudate must be sought by using other 
diagnostic techniques. 

Thoracic drainage is indicated to relieve imme
diate respiratory distress and to allow furthe r 
radiographic investigation of the thorax, but is 
unlikely to prevent further effusion. Diuretics and 
increasing the serum albumin concentration may 
give shon-term relief but are not of much value 
unless the underlying cause of the hydrothorax 
can be corrected. 

PI'Ufll,xud,t,s 

The term pyothorax is sometimes used for the 
condition where exudate accumulates in the 
pleural cavity. Exudates may be classified as septic 
or non-septic. Septic exudates cont:l.in bacteria 
and signs of neutrophil degeneration in response 
to the bacterial infection whereas non-septic 
exudates have no bacteria and few degenerative 
neutrophils. 

Dogs and cau with pleural exudates may have 
systemic signs such as pyrexia and anorexia but it 
is surprising how often an animal is presented 
with only a short hislOry of dyspnlXa yet on 
examination a very large amount of exudate is 

Table 35.5 Common causes of pleural effusion 

00111 

COllOestlve heart failure 
Neoplasia 
O~hragmalic hernJa 
LymphalIOiectasia 
Trauma 
Anticoagulanltoxlcity 
Bacterial infec1ioo 
Hypoalbumlnaemla 
Oesophageal perforation 

c •• 
Bacterial infection 
Feline infectious peritonitis 
Neoplasia 
Congestive heart failure 
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present in the thorax. The condition usually 
involves both sides of the chest bur is occasionall y 
confined to one side (Fig. 35. 10). 

In the author's experience bacterial pyothonx 
is more common in the cat than in the dog and 
in the cat a mixed infection is usually involved 
including anaerobes. Infcelions with Nocardia 
and Acrinomycef species arc more likely to occur 
in the dog than in the cat (Fooshee, 1988). 

Figure 35.10 Septic pleurisy in a cal. Auid in the pleural 
cavity has reduced the air filled lung and completely 
masks the cardiac outline. 

Although there are se\'eral routes by which 
organisms might re:!.ch the plcur:!.1 tavity in most 
cases it is impossible to find out how the infection 
gOt there. 

Treatment is along the same lines as a septit 
lesion anywhere else, namely drainage and 
antibiotics. Immediate dninage should be 
carried out through a thoncostomy tube. This 
allows improvement in respi ratory function. 
Good results have been reponed using continu
ous chest drainage for several days until the 
chest is radiographically clur. Interminem 
drainage and pleuralla\'age may be less success
ful in clearing the exudate. Continuous chest 
drainage requires 24 h supervision so the alter
native is thoracotomy to remove all the pus and 
clean up the pleural cavity. The mediastinum 
may need to be broken down to drain both 
sides of the chest or thoracostomy tubes placed 
in both sides. 

Antibiotic therapy is continued for 3 months. 
In a series of 22 canine cases !re;ned by aspiration, 
d rain3.gc or thoracotomy 14 dogs madc a long
term reco very (Ro bertson et al., 1983). In another 
series of 12 dogs trc3.tc:d by continuous tube 

drainage there were eight long-term recoveries 
(Turncr 3.nd Breznock, 1988). 

N eoplasia and fcline infectious peritonitis ar~ 
causes of non-septic pleural effusion (Fig. 35.11). 
In cases with tumours the neoplastic cells may 
sometimes be secn in the fluid but they have to be 
differentiated from reactive mesothelial cells. The 
exudate in cats with feline infectio us peritonitis 
has a high protein content in the order of 4~ 
60 g 1-' with gamma globulins making up a highcr 
than no rmal pro ponion of the protein coment 
(French,I990). 

A series of 82 fcline cases of pleural effusion 
were reponed by Da\·ies and Forrester (1996). 
These cats were commonly suffering from medi
astin3.1 lymphom3., pYOlhof3x, cardiomyopathy 
or feline infectious peritonitis. Cats with pyotho
rax or effusion secondary to trauma had the best 
prognosis but for the other conditions the prog
nosis was guarded lO poor. 

The criteria for determining the nature of 
pleural fluids were :assessed in a study o n 
samples from 22 cats (Stew3.n ('1 al., 1990). 
Exudates had a ratio of pleural fluid protein 

• • •• concentration to serum protein concentr3.l!on In 

excess of 0.5. Exud3.tes had lacl3.te dehydro
genase levels in excess of 200 I U I" . Three cats 
wilh scplic pleural effusio n had glucose concen
tr3.tions less than 0.6 mmol I" , pH less than 6.9 
and neutrophils fo rming over 85% of thc nuclc
atcd cells. Eight cats with pleur3.1 effusion due 
to malignancy had fluid with a pH grc3.tcr than 
7.2 and neutrophils comprising less than 45% of 
the cells. 

f igure 35 .11 lymphosarcoma in a dog. A large neo· 
plasm in Ihe mediastinal lymph node is displacing the 
trachea upwards. The thorax also contains a consider· 
able amount of lIuld which is masking the cardiac 
outline. 
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Chy/alhorn 

Chyle is Iymph.uic fluid which originates in the 
intestine :lnd is conveyro to the cranial vena cava 
via the thoracic duct. The fluid contains a high 
conccntr:l.tion of fat in the form of chylomicrons 
which gives the fluid its while opaque colour 
although chyle can have a pinkish tinge if it 
cont:!.ins some blood. Chyle often contains large 
numbers o f lymphocytes. Not all white flu ids 
aspirated from the thorax ccnuin chylomicrons. 
Some contain cholesterol and arc often called 
pseudochylous effusions. 

The b6t method for determining the n;nure o f 
the flu id is to measure the uiglyctridc .and choles
tero l concentrations rdative [0 pluma (Fo55um rt 
111.,1986:1.), 

Chylous effusions contain concentr.nio ns of 
triglycerides in excess of \ .2 mmol \" . A simple 
lest oft en used is 10 add elher 10 Ihe flu id which 
dears if it contains chylomicrons. 

Confusion hu occurred in the veterin:lry litera
ture where the tenn pscudochylous effusion hu 
bttn used for flu ids which appear chylous from 
cues where no ruptu re of the thoracic dUCI can be 
demonstn.ted. Pseudochylow effusions are reall)· 
modified u ansudates and perhaps the term 
pseudochylous should be dropprti :IS it tends to 
confuse the identi ty of these flu ids. 

For m:lny years chylothorax was thoughl to be 
mainly due to rupture of the thoracic duct but :I 

study of 34 canine ca$CS found thai five were uso
cialed with tn.uma, five were caused by neoplaSlic 
obstruction and 24 were idiopathic associaled 
with Iymphangiecwia of the romal part of the 
thoracic duct (Fossum tt al., 1986b). O bstruction 
or Ia«n.tion of the thoracic duct W:lS experimen
tally induced in six dogs. All the dogs developed 
chylothorax bUlthe condition wu of short dura
tion and resolved spontaneously within two 
weeks. This re5uit docs not support the ide:l th:ll 
rupture of Ihe thor:l.cic duci is a caUSe of chylo
thorax (Hodges t!t al., 1993). C hylOl hor:l.x has 
been reportrti in cats :lSsociated with Ihoracic 
duct lymphangiectasia, cardiomyopathy and neo
plasia (Fossum, 1988). 

MrtiicaiuC2tmenl 2nd repe2trti cheSt drainage 
arc of limited value fo r long-term mam.gemem of 
cues of chylothorax. The outlook is very poor if 
the underlying C2USC such u neoplasia or cudio
myopathy C2nnot be conrrolled. Thoracic duct 
ligation hu been quite widcly used for cases with 
rupture or lymph2ngiecwi;a of the Ihor:l.cic duci 
bUI the rublished results hnc ~n v:lri:able. In a 
series 0 15 c2ninc cases there were eighl long-
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lerm, disease-free survivors (Birch2td t!l al., 1988). 
In a repon on 37 e2ts with chylothorax 15 anim2ls 
were trealcd by ligation of the thoracic duct or 
cysterna chyli bUI this resuhrti in complete reso
lu tion of pleural flu id in only 20% of Ihe cases 
(Fossum t!t al., 199 1). 

Oblileration of the pleural space by provoking 
a fibrous re:action is termoo pleurodesis :and has 
been used fo r ehylothot2X and other pleuul effu
sions. The lechnique was used 5ucce"fu lly in five 
OUI of nine dogs with chylothoru (Orsher and 
Harvey, 1990) although less successful resul ts 
h;a\·e been reported by o thers. Two techniques 
have been used to 2110w the flu id to enler the 
abdomen where it is absorbed. One technique 
makes a mesh-covered hole in the d i:l.phr.tgm and 
the other uses a silastic lube and pump 10 push 
fluid from the chest to the :abdomen. SucceSS has 
been claimed for both techniques but there :l.re as 
yet insufficierll cues to asse" whether they offer 
a practic:l. l solution to the problem5 C:l.used by 
pleural effusion. 
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I INTROOUCTION 

The aliment2ry tr:aC[ may be described as the hol 
low, often tubular, organs of the digestive system 
extending from the lips to the anus (Concise 
Veterinary Dictionary, 1988). 

Together with the associated sal ivary glands 
and pancreas the alimentary tract is involved in 
the acquisition of waler, macro- 3nd micro
nutrients 2nd the elimination of waste. The 
gastrointestinal tract (C IT) has also an impor
[ant immunological role being the largest 
lymphoid organ in the body and is involved in 
the dual processes of protection against disease 
and tolerance to food allergens. Failure of this 
immunological function is responsible for 
many of the chronic alimentary diseases that 
are seen. 

Alimentary tract dysfunction is extremely com
mon and a major reason for clients to seek veteri
nary advice and assistance. Although vomiting 
and diarrhoea are classically associated with ali
mentary dise:ue this is not an exclusive relation
ship. A significant proportion of gastrointestinal 
(GI) cases do not present with these signs. 
Moreover, vomiting and diarrhoea can be associ
ated with non-GIT disease. 

Good historical detail is vitally important in the 
investigation of GI disease as, in many cases, 
physical examination and basic laboratory data 
are unrewarding. 

Oesophageal disease 389 
Gastric disease 398 
Small intestinal disease 416 
Colonic disease 432 
Diseases althe anorectal region 438 

I HISTORY 

The classification of G I disease into acute and 
chronic conditions can be helpful. Acute disease 
presents a real diagnostic challenge since, 
although the majority are self-limiting and 
require liule if any treatment, acute life-threaten
ing conditions such as parvovirus infection, 
intussusceptions. gastric dilation/volvulus 
(GOV) need to be identified and treated 
promptly and aggressively. Chronic disease is 
less likely to respond to symptomatic therapy 
and frequently requires sp«ific ther.tpy after a 
definitive diagnosis has been made. 

Historical details are important when making 
the initial decision in a case that presents with GI 
signs as to whether this indeed reflects primary 
disease of the alimentary tract or is secondary to 
systemic disease. 

The following historical information is helpful 
in reaching this decision and planning any neces-

• •• sary mvesugauon: 

• Age - congenital. acquired, infectious and neo
plastic conditions tend to be age-linked; 

• Breed - genetic and predisposing factors, e.g. 
GOV in deep chested dogs, adenocarcinoma in 
Siamese cats; 

• Sex - few Gl diseases show a sex predilection 
although other conditions that can cause 
vomiting and diarrhoea do, e.g. pyometra; 
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• Prf:v ious hislOry of iml:s ti n3.1 disease (N.B. this 
C2n be mislc3ding); 

• DUI'21ion of signs; 
• Major presenting signs - vomiling. diarrhoc;li, 

dysphagia ctc.; 
• Associ;l.led systemic signs - depression, 

lethargy. in;appclJ.nce, wt'ight loss; 
• Indications for involvement of other organs -

respir:uory signs, polydypsi.t; 
• HI.";a lth of other anim:als in the group; 
• Diet; 
• Lifesty le. e.g. ;lCCf:SS to toxi ns. scavenger; 
• Current mcdicnion - prescribed :lnd non

prescribed. 

• Vomiling 

The following should be asccnaincd in rc:l:l tion 10 
• • 

vomiting: 

• Rdationship to rceding; 
• Frequency; 
• Progr(5sion; 
• Nature of yomit: 

undigested I p;ani:l.lly digested food 
unproductive 
frmh 
bile 
proj«tile 
smell. e.g. fetid 
blood - fresh or 'coff« grounds' 

• Chang(!s in body weight. 

• Diarrhoea 

The following sho uld be considered: 

• Freq uency; 
• Consistency and co lour; 
• Vo lume' , 
• Prnence of mucus o r blood including distribu

[ion of blood within [he faeces, i.e. fresh blood, 
on su rface o r mixed throughout stool, o r tarry 
melaena; 

• P:ain o r d ifficulty in passing faeces; 
• Changes in body weigl1l; 
• Continence; 
• Urgency. 

Having obtained a good history it is essential 
that the information is interpreted in the correct 
manner as this c:an ha\'e major implications in 
diagnostic planning. The following distinctions 
;lire extremely helpfu l in dr:awing up an init ial 

diagnostic plan. (Sec relevant C hapters in Sectio n 
I for a more in-d epth discussion.) 

• Dysphagic o r anorexic? 
• Vomiting, regu rgitation o r retching? 
• Large or sm;lill bowel diarrhoea? 
• T enesmus (st(;tining to pus faeces) or 

dyschezi;li (pain and/or difficulty in passing 
faeces)? 

I PHYSICAL EXAMINATION 

A complete physic:al examination should be per
formed in all cases to confirm the abnormalities 
described by the owners and to evaluate the major 
body systems in o rdcr to differentiate between 
alimentary and s)'stem;c diseue. In geriatric cues 
it is also imponant as intercurrent disease may 
ad\'erscly affect the prognosis and limit the range 
of tre:umenlS available. 

In many cases, the clinician should be in a posi
tion to make a diagnosis o r, in the c;lise of acute 
disease, be confident that the process is sel f- limit
ing. If a diagnosis is not :apparent it should be 
possible to direct the investigation :and treatment 
by answering the following questions. 

• Is the condition life-threatening requiring 
immedi;lite investigation and treatment ? 

• Arc signs of systemic disease p~senl? 
• If so which body system(s) is (arc) affected? 
• Do the history and clinic,tl cnmin:ation sup

pon a primary aliment.try problem? 
• Which partes) of the alimen!ary tract appear(s) 

to be involved ? 
• Is the patien! retchi ng, regu rgitating or vomit

ing? 
• Is the di,trrhoea likely 10 be of larse or small 

bowel origin? 

I CLINICAL INVESTIGATION 

An enormous variety o f di:lgnoSlic proeedures 
can be used to investigate alimcntary diseue. The 
results o f the history and physical exami nation 
should indicate in which direction the investiga
tion sho uld proceed and which tcsts arc likely to 
be of high d iagnostic \'alue. 

It is panicularly impon ant in alimentary dis
ease that a logical progression ror the investiga
tion is adopted as 'going back' to a test th;lit should 
have been perfo rmed euiier c,tn sometimes be 
made very difficult by subsequent inve5lignions 
and IreatmenlS. 
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• Haematotogy and biochemistry 

Routine blood u.mpling Icnds to be: a low yield 
di:l.gnostic procedure in :Ilimentary d ise.ue but is 
helpful in ruling out systemic caus~ of GI signs, 
10 scrttn geriatric p:uienu for inu~.rcurrcnl discasc 
and to aS5C55 the status of p,uienrs with ;1CUIC, life
threatening intestinal conditions. 

Anaemia 

GI bleeding can be a major nuse of unexplained 
anaemia. The presence of blood in the fattes is not 
alw;ays recognized by the client and, if the bleed is 
acute, it m3.y [;'Ike some lime before blood appears 
in the Slool. Intestim.l blttding usually resulu in 
a regencr:ltive anacmi:l. and is associated with 
hacmau.·mcsis. melaena or haematochczia. Non
regenerative anaemia wilJ also occur with chronic 
G I haemorrhage secondary to iron deficiency or 
in :lcutC haemorrhage (l~s$ than two days) where a 
regenerative rC5pome has yet to occur. 

While blood cell ch,ng" 

ChangC5 in white cell indiccs are more frequently 
detected in GI disease but are often non-specific. 
Eosinophilia is perhaps the most helpful and can 
suggest eosinophilic gutroenteritis or parasitism. 

Table 36.1 .Associations !lel\l;een biochemICal changes and 
alimentary dl$em 

Biodt,mJul thang, 

HypocalCaemia 

Hypochloraemia 
ttyperChOlesterotaemla 
ttypoch0i8slerolaemia 

ttyperglycaemla 
Hypogtycaemla 

Hypokalaemla 

Hyperglobullllaeml3 

HypoalbtJmlnaemla 

Hyponauaemla 
U"""" 

(kcurr,nttln GJ dl"H' 

OIetary Jmbilance. 'ntesllllal 
malabSorption. necrOltZlno 
pancreatJ\tS 
Voml tino 
PancreallllS 
MaJdloeSlionImatabSorptlOn. 
protetn·loslno enteropathy. 
exocrine pancreatic insullicieney 
Acute pancreatitis 
Intes1lnal malabsorption. 
Insutlnoma 
Vomiting. dlarrhou. laxatives. 
anorexia 
Chronic Inll!Stlnallnllammallon. 
especauy mflammatory bowel 
d'Sease and neoplasia 
Maldiges!lOn, malilbsorphon. 
malnulntlOn, prolein-iosU1g 
enteropathy (alSo 
hypoQlobulinaemla) 
Severt dl3n1'IOU, vomillno 
Intl!'Stlnal bleeding 

CLINICAL INVESTIGATION I J7J 

Leucopeni2 is commonly observed during the 
acute phase of viral infections panicularly 
parvovirus 2nd distemper. 

Bloch,mlslry 

Changcs in routine biochemical parameters are 
uncommon in chronic alimentary disease but. 
whcn they occur, can bc of valuc rr able 36.1). 

Sitology 

Feline leukaemia virus (FcLV) and feline immuno
deficiency virus (FlY) testing should ~ carried 
out on all cats with chronic or recurrent disease. 
This is particularly important in cues of gingivitis 
and stomatitis and ;!.Iimentary lymphosarcoma. 
FIV-;!.ssociated I;!. rge and small bowel diarrhoeas 
arc also seen. Thyroid hormone levds arc a valu
able screening test in older C;!. IS (greater than 6-7 
years) with weight loss (particularly in the face of 
polyphagia) and/or chronic diarrhoea. 

I Trypsin-like Immu.oreaellvlty (lLl) , 
folate and cobalamin 

These tem have become firmly established 10 

usess exocrinc pancreatic and small intestinal 
function. and small intcstinal bactcrial over
growth in dogs (fable 36.2). The valuc of folate 
and cobalamin in fdine intestin;!.1 diseuc is Icss 
well established as the reference !'.lnge is very 
wide. 

TLI measures the combined activity of trypsin 
and trypsinogen in a serum sample and is both 
highly sensitive and specific for the diagnosis of 
canine exocrine pancreatic insufficiency (EPI). 
Blood should be t;!.kcn aft cr a fast of seve!'.ll hours. 
The result is unaffected by administration of oral 
pancreatic supplements. Dogs that have 2n 
equivocal result usually have a normal result or 
one consistent with EPI on retesting. Fdine TLI 
testing is not currently avail;!.ble in the UK but 
is performed in the USA. Exocrine pancreatic 
insufficiency is. however. !'.lre in cats. 

• Faecal a.aly.ls 

Faecal analysis should ~ performed as pan of 
budine data collection in cases of chronic vomit
ing andlor diarrhoea. Microscopic eX2mination 
for evidence of undigested food as an indication of 
501211 intcstin21 discase tcnds 10 be subjcctive and 
imprecisc since it is innuenced by diet and faecal 
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rlilit • . 2 Sites 01 absorption 01 1000te and cobalamin and Interpretation 01 aboonnal results 

Fola'e Cobalamin 

SillOllblQrptlon 

IlItrused .. rum levll. 

Duodenum and proXimal jejunum 

51BO 

OI'Stal teJunum and Ileum 

VrtMnln supplementatIOn 
'PI 
V'ltimll'l supplementatiOn 

Demued serum I,v," Severe drsease 01 prOXImal small intestme 
1 unaln drugs (phenytOin, sulpl1asalaDne. 
sulphonamilJes) 

Sevele dlSease 01 dIStal smallinleStirle 
SI80 
'PI 
Absorption defects (Iliant schnauzers, 
Shar pm (USA)) 

EPt uocrioe pancreatk: insuffiCIency: 5180, unall intestinal baclerial CM!rgrowth. 

tr:l.nsi t time, although the presence of undigested 
starch gr:l,nulcs, which c;l.n be suinw with Lugo]'! 
iodine, arc suggestive of EPI. The presence of 
ClollriJium pt·rfringl'1ls spores in:l fatta! sme:!f is 
highly suggtstivc o f diarrhoea due 10 C. perfrin
gcm-associ;ued cndoloxicosis. If G I haemorrhage 
is suspected then cnmination for occult blood 
C;ln be performed but false positi\'(S art common 
and may be: dut to tht ingestion of oral iron. 
aspirin. cimetidint or significant quantities of 
vtgtuble haem-prou-in o r red meat. 

A single. negative, direct smur, flotation or 
S«iimentation analysis docs not reliably rule OUt 
the presence o f tndoparuites o r protozoans 
particubrly Giardia Llmb/ia. In such cases 
prospective treatment with be:n7.imidazolcs or 
melto nid37.ole in the face of a negativt fatcal 
sample may be warr:mted. 

Faecal culture should also be carried out for the 
presenct of C(JmpylobfUTer or Salmonella species. 
The interpretation of the significance of a faecaJ 
bacterial load, especially if these organisms arc 
part of the 'normal' gut flon, is very difficult and 
the diagnosis o f bacterial overgrowth can rardy 
be made in this manner. 

Faecal examination using electro n microscopy 
(EM ) o r immune-based techniques fo r the pres
ence of enteric viruses is of value in specific cases. 
It is important that a faecal sample nther than a 
swab is submitted for examination. 

FII Ind c,rbohyd,." ml/lbsorplfon 

A variety of tests ha\'e been described for evalua
tion of fat and carbohydra.te absorption in sm,,11 
intestinal disease. Few. if any. ha\'e been shown to 
be P?ctical and of diagnostic value in clinical 
practice. 

Enl,rop,'hou,nlc Escherichia call (EPEe) 

Considerable reccnt interest has bcen focused on 
the importance of EPEC in chronic diarrhoea. 
These coliforms produce a variety of different 
[Oxins which arc capable of initiating diarrhoea. 
Diagnosis is based on using polymerue chain 
reaction techniques on coliform colonies isobted 
from a faecal sample. The significance of EPEC in 
cats is less clear as EPEC can be isolated from 
many normal cats. 

• Breath hydrogen testing 

Breath hydrogen tcsting can be used to evaluate 
small intestinal carbohydrate m:!.l:!.bsorption and 
bacterial overgrowth (Wuhabau et (J/., 1986; Muir 
et al., 1994). The test relics on there being few b:!.c
uria in the sm:!.11 intestine to ferment food and 
little carbohydl"3le esc:!.pes the small intestine to 

be broken down by colonic b:!.cteria. Where small 
intestin:!.\ bacterial overgrowth (SI80) exists c:!.r
bohydratt ftrmtntation occurs in the SnI:!.1) intes
tine rtsuiting in production of incrtascd :!.mounts 
of hydrogen. Carbohydr:ut malabso rption. on 
the other hand, permiu undigested carbohydr.lIc 
to pass through to the colonic bacteria whtre 
fermenl:!.tion occurs. The hydrogen released is 
absorbed into the:: circui:l.tion and liberated in the 
exhaled bre:lth. Stand:!.rdization of Iht test 10 

permit its clinic:!.1 use in dogs invo lves fasting 
followed by the oral admini$ll"3tion o f I:!.ctulose, a 
compltX sugar which is poorly :!.b50rbed in the 
small intestine and normally metabolized by the 
colonic flol"3 . This test aids the diagnosis o f SI80 
(Fig. 36.1 ) but is of no v:!.lue in the diagnosis of 
carbohydl"3tt malabsorption. 

. ... __ ''0 
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Figure 3&.1 Breath hydrogen test results after 
administration of lactulose from an 8·year-old, 
neutered, male. standard poodle with a 4-year 
history of intermittent dlarr1loea before and after 
antibIotic treatment (oxytetracycline 20 mg kg-' 
tid for one month). 

! ': Uwer ~rnt 01 the 
- - - - - - - relerenc:e range 

, , 
" "" '" '" Tlme after LactuIose actmiristration (~nules) 

Exhaled breath is co llected in a latex anaesthetic 
bag via a one way valve and face mask in dogs and 
by pl:tcing cats in a perspex chamber. Samples are 
coll«tcd at 15-30 minute intervals and an aliquot 
immediately analysed. The perspex chamber tech
nique allows automatro continuous monitoring. 
C linically this tedtnique has so far proven more 
usefu l in dogs than cats. 

• Sm.lllntestln.1 permeability testing 

Small intestinal permeability testing is a new and 
potentiall y valuable function tCSt. Subnances, 
without specific carrier systems, move from the 
gut lumen into th o: body by two basic methods. A 
transceilular route for small molecules (less than 
0.4 nm) and an intercellular route, across the tight 
junctions between enterocytes, for larger mole
cules (greater than 0.4 nm). Intercellular transport 
is not no rmally a major route of access to the sub
mucosa. Damage to the small intestinal mucosa 
fr~ucntly results in the reduction in transcellular 
transport capacity due to villus blunting and atro
phy and an increase in intercellular tr:msport as 

the tight junctions between enleraeyles become 
more 'leaky' (Fig. 36.2). 

By selecting suiuble probes that arc no t 
digested or degraded and arc excreted intact by 
the kidney, intestinal function can be assessed. 
Early methods used chromium-51 ()ler) EDTA, 
polyethylene glycol and xylose (Maxton CI al., 
1986; Hall, 1989). Ho wever, radioisotopes are not 
easily handled and single sugars can be influenced. 
by gastric emptying, intestinal transit time and 
renal excretion rates. For these reasons a two 
probe system was developed using probes of dif
ferent sizes o ne of which was absorbed by a trans
cellular route and the other via an intercellular 
route. Cellubiose/ mannitol (Hall and Batt, 1991 ), 
lactulose/ mannitol (Papasouliotis et aI., 1993a) 
and lactulose/ rhamnose (Quigg tl ai., 1994) have 
been usro. 

Measuring differential recovery in the urine 
allows a better evaluation of small intestinal func
tion, as both probes should be similarly influ
enced by gastric emptying, intestinal transil time 
and glomerular fi ltration rate. The final data arc 
expressed as a r.ltio of the percentage o f the large 
to small probe recovered in the urine [fable 36.3) 

Table 36.3 Mean oormal lactl/lose (large sugar) and rhamnose (small sugar) excretion with lactulose:rhamnose ratios together with 
examples Irom clinical cases with abnormal permeabilities 

PlItI0100Y 

Mean (normal dogs) 
Eosinophilic enteritis 
Alimeniary lYmphosarcoma 
Alimentary lYmphosarcoma 
lympilOcylic/plasmaC)1tc entemls 
Eosinophilic enteritis and villus alrophy 
Inllammalory bowel disease 
lymphangiectasia 
l ymplla n giectasia 
l ym phangiectasia 

% mimnOSI ercrelion % laetuloSlllcretion 

16.0 1.8 
25.2 3.4 

3.0 1.0 
40.3 36.5 
12.3 13.3 
7.5 1.8 
6.4 5.9 
9.8 7.3 
63 1.7 

154 7,2 

IlCtulou:rtllmnOie ralio 

0.12 
0.13 
0.33 
0.91 
092 
024 
0.92 
0.7 
0.27 
042 
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figure 38 .2 Diagram of the passage 
of small and large sugars through 
(a) normal and (b) diseased small 
intest inal wall. Note the diseased 
small intestine has a reduced surface 
area and therefore there is less 
transcellular transport. Intercellular 
junctions are more leaky increasing 
absorption of larger molecules. 
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measured by high performance liquid chromatog
"phy (HPLC). 

The lactu lme/ rhamnost· test req uires O\'ernight 
fasting and an empty urinary bladder. 1be lactu
loselrhamnose solution is administered orally and 
the dog is kennelled. After 5 hours, 10 ml of urine 
is co llected into thiomers31 and the sugars arc 
assayed. As 13ctulose has been giYen, a bre;lIh 
hydrogen test can also be conducted over the 
same time period. 

• Diagnostic Imaging 

Diagnostic imaging can be of major value in the 
investigation of oropharyngeal disease, dyspha
gia, some motilit), disorders, and in the detection 
of tumou rs, foreign bodies and intussusceptions. 
In cases of chronic vomiting and diarrhoea, it 
tends to be a low yield d iagnostic procedure. As 
wi th :til radiography, pl3in survey hlms should 
always be o btained before contTast studies are 
performed. 

Ultrasonography of the aliment:try tract gener
ally requires an experienced ultrasonographer but 
c:tn be of particuLar value for assessing the pan
creas, intestinal wall thickness and the detection 
of CIT-associated masses. The ability to perform 
ultrasound-guided fine needle aspirates or tru-cut 
biopsies of masses enables a diagnosis to be 

o 'Yo in urine increased 

• 'Yo in ume reduced 

~ : inaeaud (>O.12J 

reached without the need for a laparotomy and, 
where appropriate, chemotherapy can be insti
gated immediately the diagnosis is obtained. 

Following plain su rvey radiographs, contrast 
studies provide further information about the 
structure and function of the C IT. In most 
inst'ances liquid barium or a barium meal are the 
most appropri:ue techniques. If there is a possibil
iry of alimentary perforation an iodine-based 
contrast medium is preferred as, unlike barium, 
it is rapidly removed from body cavi ties . 

Evaluation of the oral cavity 

Adequate evaluation of the oropharynx generally 
requires heavy sedation or general anaesthesia 
except in the most cooperative patients. Standard 
dorsoventral and lateral views of the skull and 
pharyngeal area arc required. Cood positioning is 
essential as :m efaclS associ:lted with rotation arc 
easily created. Oblique views of the mandibles 
and maxilla are of value in specific conditions. For 
a detailed discussion of dental radiography the 
reader is referred to specialist texts (Douglas t't al., 
1987). 

Evaluation of swallowing 

Fluoroscopy is the technique of choice for imag
ing the swallowing reflex. Paste, liquid and bar
ium mixed with food given in small amounts to 
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the conscious patient can be followed as they are 
coUccted as a bolus at the base of the tongue 
before initiating the swallowing reflex. The bolus 
can then be followed along the ocsophagus and 
into the stomach. The presence of gutrie reflux 
can also be detected. If sedation is necessary then 
low dose aeepromazine has minimal effects on the 
swallowing process. 

Evaluation of the oBsophagus 

Megaocsophagus can be frequently diagnosed on 
plain radiographs. A conscious or lightly sedated 
patitnt is ntcessary for ocsophagtal evaluation as 
htavy sroation o r anatsthesia can create an ane
factual megaoesophagus. A 'herring bont' pattern 
in the caudal third of the ocsophagus follOWIng 
administration of contrast is a normal finding in 
cats. If partial obstruction of the ocsophagus is 
suspected then mixing barium with food provides 
a more effective contrast slUdy. 

Evaluation 01 the stomach 

Gastric mOr1)hology 
Positive contrast gastrography o r do uble contrast 
procedures require large volumes of dilute barium 
(30% wlv barium; 10-20 ml kg-i) to cause mild 
gutric distension. Dosi ng can usually be best 
achieved by stomach tubing rather than force 
feeding the animal. B:trium will normally begin to 
move into the duodenum within 30 min. Ideally 
four views of the stomach arc required (both lat
erals, a ventrodorsal and dorsoventral) fo llowing 
administration and then :tt intervals there:tfter 
depending on the spero of gastric emptying. It is 
easy to create an :trtefactuallesion and care must 
be taken nOt to over-interpret the films. For a 
lesion to be regarded as pathological it should be 
present on more than ont view and preferably at 
mort than one time point (sec Chapter 5). 

Double contrast gastrograms can be performed 
by administering 2 mVkg- ' of barium and then 
insufflating the Slomach with air. Alternati \'ely the 
stomach can bt inflatro afttr a positi\'e contrast 
study o nce the majority of b.uium has e:nter~ th e: 
small intestine. 

Gastric motility and emptying 
Fluid and solid mattrial adopt different routes o f 
travd through the stomach and use different 
physiological mechanisms for gastric emptying. 
In gentral, the gastric emptying of fluids is of less 
clinical value htnet it is difficult to combine a 
morphological and functional study of the stom
ach as one procroure. Moreover, gastric emptying 

CliNICAllNVESTIGATtON I 377 

times arc very variable and have been quoted at 
0.5-2 h (Miyabayashi et ai., 1986) and 1- 7 h 
O .... kovljevie, 1988) in dogs and 1S-120 min in cats 
(Morgan, 1981). 

A more reliablt method of examining gastric 
emptyi ng involves a barium meal or barium 
impregnated polyspheres (s~ later). For a barium 
meal 5-7 ml kg-I of 60% wl v barium is added to 
8 g kg-' of ground kibble. Normal emptying times 
of 7-15 h (mean II h) have been reponro in dogs 
(Burns and Fox, 1986) and 9.S-13.7 h (mean 11.6 h) 
in cats (Steyn and Twedt, 1994). Emptying times 
arc affected by caloric dtnsity, nutrient composi
tion, osmolality and panicle size of the test meal 
so should be standardized wherever possible. 
Emptying times can also be affected by physio
logical factors such as stress, pain or sedation as 
wdl as metabolic factors such as hypokalaemia. 

Evaluation of the smal/lntestlne 

Small intestinal morpho logy and transit times can 
be assessed following administration o f liquid 
barium. Similar care should be adopted when 
interpreting the results as fo r the stomach and 
normal anatomic variations disregardro. Normal 
transi t times of around 3-5 h in dogs (Miya
bayashi et aI., 1986) and 30-60 min in cats (Hogan 
and Aronson, 1988) arc quoted. 

Eva/ual/on of the large Intesllne 

The large intestine can not bt evaluatro in a fo l
low-through study bUi requirts 1 barium enema. 
Parient preparation is crucial to avoid :tnefacts 
and achieve complete filling of the colon. The 
patient should be Starved and given warm water 
enemas and oowd de<lnsing solutions (t.g. Klean 
Prep - Norgine). The colon is filled with 30% wl v 
barium to give a positive contrast study via a bal 
loon-tipped catheter. The barium is then drained 
:tnd <li r introduced to provide double contrast. 

• Barium Impregnated poly.phere. 
(BtPS) 

BIPS arc of two sizes (5 mm and 1.5 mm diameter) 
presemed in gelatine capsules and arc designcd to 
mimic the passage of food through the GIT. SIPS 
can be helpful in detccting physical obstructions 
(including partial obstructions) (Fig. 36.3) and 
intestinal motility disorders such as debyed 
gastric tmptying. They have potential ad vantages 
O\'er barium contrast studies in these areas as the 
BIPS are of consistent size and formulation, arc 

Avtorsko zasc !e'lO gradivo 



378 I DISEASES OF THE ALIMENTARY TRACT 
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Figurt 36 .3 Algorithm showing the use of barium impregnated pOlyspheres on an empty stomach in the diagnosis 
of alimentary tract Obstructions . • HypokaJaemla, acute pancreatitis, severe acute gastroenteritis, acute hepatitis, 
anticholinergics, previous abdominal surgery. ' lactated Ringers + KCI, metoclopramide, cisapride, antibiotics. 

easier and cleaner to administer and require fewer 
r:adiographs to be taken. If surgical intervention is 
required leakage into the abdomen is less likely. 
lbey arc o f limilN value in animals that arc vo m
iting and in critically ill patients as the time taken 
to reach a d iagnosis may be too lo ng. BIPS can be 
administered to animals after fasting or in con
junction with a sundard meal. Interpretation is 
based on the position, sc:m ering and relationship 
between the small and large BI PS, e.g. persistent 
bunching in the small intestine is suggestive of a 
physical obstruction whereas wide scattering sug
gests poor mo til ity. Passage of the small BIPS but 
retention o f the large spheres is suggestive o f a 
partial obSlruction. 

• Endoscopy 

In the majority of cases of chronic alimentary dis
ease, a definitive diagnosis can o nly be obtained 
by histological examination of the G IT. Material 
can be obtai ned by fine needle aspirate or tru -cut 
biopsy under ult rasound guidance where there is 
an identifiable mass. O therwise, endoscopy or 
explo ratory cocliotomy is required. 

Flexible endoscopy has several distinct adv;m
!:l.ges over exploratory coeliotomy and has 
revolutioniZed veterinary gastroenterology over 
the past few years. However, the limitations of 
endoscopy must always be borne in mind (Table 
36.4) when deciding on the most appropriate 
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Table 36.4 Umitations 01 flexible endoscopy 

• Requires general anaesthesia 
• Requires a wide range of scope sizes to enable a!! 

pal ients to be eumllled 
• Distal Jejunum and ileum not actesSible to examination 
• Poor assessment of lntesllnal function 
• Only detects mucosaVsubmucosallesions 
• Only small biopsies can be obtained whiCh may not be 

representative and can be difficult to orientate 
• Consldernble 'start-up' and maintenance costs Involved 

diagnostic test. Endoscopy circumvenu the need 
fo r invasive surgery which can be a particular 
problem in some patients which may be immuno
suppressed and have poor wound healing capacity 
such as dogs with protein-losing enteropathy. It 
also allows direct visu;lliZ;1 tion of the mucosal 
surface and multiple biopsies c;ln he t;tken. 
I mmunosuppressive treatment, if required can 
commence:u soon as the biopsy results ;Ire avail
able without the delay necessary to ;1l1ow wound 
healing follo wing b parolomy. Endoscopy is indi
cated in many al imenu ry conditio ns (fable 36.5) 
and is associated with a relatively low complica
lion m e (f:tble 36.6). 

Endoscopic enmination of the upper G IT 
requires an overnight fast and water should be 
withheld on the day of endoscopy. Lower GI 
endoscopy can be carried out under sedation but 
in most cases genenl anaesthesia is preferred. 
Thorough patiellt preparation is required, the 
patient sho uld be starved for at least 24 hand ;1n 
oral laxative, e.g. Klean-prep (Norgine»)O ml kg-I 
given twice one hour apart the night before. O n 
the day of endoscopy two warm water enemas 
should be given. 

Endoscopy is of limited value unless f:tcilities 
for raking biopsies are available. Many diseases do 

T~ble 36.5 Principal indicationSicontraindications for endoscopy 

Upper GI endoscopy lowe, Glendoscopy 
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Table 36.6 Potential complications following GI endoscopy 

• GI per/oraUon either by overinsuHlation or follOWing 
biopsy. espeC!a:11y 01 ulCerated areas 

• Oecreased venollS return fOllOWing overinnation 01 tile 
stomaCh 

• Mucosal haemorrhage 
• TransmisSion of enteropathogenic organisms to other 

patll!nts 
• Acute braQycar<l ia 
• Damage to major blood vesselS or adjacent organs 
• Postendoscopy gastrtc dllatation-vOlvulus 
• ? bacteraemia due to increased bacterial translocation 

following insuMlalJon 01 the small IIltesline rncreasing its 
permeabllrty 

not cause gross changes in the intestines and of 
those that do, very few have pathognomonic 
features. Multiple biopsies (6-10) should be taken 
from both the stom;1eh and the duodenum. Serial 
biopsies taken every 5-10 cm along the length of 
the eolon should be obtained. 

Successful endoscopy requires dexterity in 
manipulating the cndoscope, particularly when 
passing the scope through the pylorus, and an 
appreciation of the normal anatomic appearance 
of the intestinal system. 

Patients should be placed in left latenl recum
bency as, in this position, the pylorus is sus
pended making passage into the duodenum easier. 
During large bowel endoscopy lefllalenl recum
bency faci litates drainage of fluid into the 
descending colon from where it can be :t.spir:tted 
more easily. 

Upp" GI endDSCDPY 

The endoscope is lubricated and introduced into 
the proximal oesophagus with the neck extended. 
The oesophagus is distended with air and the 

Contnlnditatlons 

Evaluation 01 dysphagl3. 
Evaluation 01 regurgItation 
Evaluation of chronic vomiting 
Evaluation 01 haematemesls 
Evaluation of melaena 
[ valuation 01 chronic diarrhoea 
Retneval 01 oesophageal foreign body 
Bougienage of oesophageal stricture 
Placement of perendoscopic 
gastrostomy tubes 

EvaluatIon 01 perSistent Memalochezia 
Evaluation of persistent tenesmus 
Evaluation of faecal Incontinence 
Evaluation of chronic diarrhoea 
Evaluation 01 persistent mucoid stools 
Evaluation of dySChezia 

Pa~nt unfil lor anaeslheS13. 
Patient too small 
Perforation ol ltle bowel suspected 
Patient inadequately prepared 
Patient has a severe bleeding tendency 

I 
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scope is advanced towards the cardia; there should 
be little resistance. Biopsies of the oesophagus are 
not easily obtai ned and in most cases unnecessary. 
The cardi3 is slit- like and often has a reddened 
appearance representing the transitio n from 
oesoph3ge31 to gastric mUCOSa. The endoscope 
normally passes easily into the stomach which 
should be examined in a systematic way. As pro
longed inflatio n of the stomach can make passage 
into the duodenum more difficult, visual inspec
tion of the sto mach can be carried out at this stage 
and biopsies taken ahu examination of the duo
denum. Examination o f the area around the cardia 
r~uires retroflexion of the endoscope as a 'j' 
manoeuvre (Fig. 36.4). The endoscope is then 
advanced into the pylorus which lies ventral to the 
incisura angularis. The pylorus can be identified 
as a sphincter lying centra lly in the antrum. 
Pasnge of the endoscope through the pylorus 
requires practice. The endoscope should be 
advanced keeping the pylorus central which may 
require torquing of the endoscope. h is o ften 
helpful to have one o perato r applying gcntle for
ward pressu re as required while the endoscopist 
keeps the tip of the scope in the pylorus. As the 

Figure 36.4 Endoscopic examination of 
the stomach. 

tip of the endoscope COnI3(15 the pylorus, vision 
will be lost to be replaced by a dark space (the 
pyloric can31) surrounded by a blurred red 
mUCOS3. Intermittent insufflation should be con
tinued but care must be taken not to overinflate 
the stomach particularly when passage through 
the pylorus takes some time. In most instances the 
pylorus w ill yield and the endoscope n n be easily 
advanced into the duodenum. In cascs whcrc pas
sage is d iffi cult, the pylorus can be relaxed with 
glucagon (0.05 mg kg-I i.v. (m;u.imum dose 1 mg» . 
The use of metoclopramide is controversial as it 
can enhance antral contraction (Matz et .,/., 1991 ). 
Once the duodenum has been entered, duoden3.1 
juice can be collected if necessary. Washing of the 
tip o f the endoscope should be a\'oided unti l after 
the juice has been collected as this will dilute the 
sample by an unknown amount. The endoscope 
should be advanced to use the majority of its 
functional length which in most cases will be past 
the duodenal fl exure. In some cats and small dogs 
passage into the proximal jejunum is possible. 
Once the duodenum has been inspected multiple 
biopsies of the duodenum can be taken as the 
endoscope is wi thdrawn into the stomach where 

'J manoetJVle to 
examr.e cardia 
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biopsies of th~ pylorus., antrum, body :md fundus 
can then be obtained. As th~ endoscope is b~ing 
withdnwn into the oesophagus, air within th~ 
stomach should be removed by suction. If aggres· 
siv~ I~sioru are apparent within the stomach 
and/or duodenum a npid diagnosis can some· 
timts be made by preparing a squash pr~pan.lion 
of a suitable biopsy. This may allow treatment 10 

be instigated earlier. 

CDIDnouopy 

Before colonoscopy, a digital examination of th~ 
anus should hav~ been carried OUt as very distal 
Itsions can be ~asily missed. Colonoscopy can be 
performed using a rigid proctoscope or a flexible 
endoscope. Flexible endoscopy has th~ advanlage 
of allowing examin:ation of the whole colon 10 the 
ilrocolic valve. The endoscope is introduced into 
the rectum and the colon insu fflat ed. II is usuall y 
necessary to have an assistant clamp the anal 
sphincter around the scope to prev~nt th~ :lir from 
escaping. The ~ndoscope is advanc~d 10 Ih~ I~ft 
colonic fl~xur~, along th~ transv~rs~ colon to th~ 
right flexure (often inapp;ar~nt) and into the 
ascending colon wh~re the ileocolic valve can be 
vi~wed as a butlon· like protuberance in the wall 
of the colon and the caecum is sttn as a d:lrk pas· 
sage directly ahead. Th~ endoscope is th~n with
drawn, biopsying at intervals along the length of 
the colon if no specific Itsion has been identified. 

• Duod.nailiuld examlnallon 
• 

Duodenal fluid a n be collected using s teril~ 
polypropylene tubing introduced via the instru· 
ment channel of the ~ndoscope and is an accurate 
technique forthediagnosis of giardiasis. Neoplastic 
C(!Us, particularly in ases of lymphosarcoma an 
also be collected using this technique. 

Duodenal fluid collection and quantitative cuI· 
ture is used as a definitive diagnosis of SlBO. 
Colony counts greater than 10' ml-I in dogs (Batt 
tl al., 1983) and greater than 107_10' ml-I in cats 
Oohnston tl al., I99J} arc considered abno rmal. 
Unfortun:uely, in order to accuratdy qU:lntify 
bacteri:ll numbers, particularly anaerob~s, imme· 
diate culru~ is r~uired. 

• Evaluallon 01 brush bord.r .nzymes 

Evaluation of brush border enzymes can be us~d 
as a sensitive indiator of acquired sm.all inltstin.a! 
patho logy which can occur in th~ abs~nc~ of 
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marked histop.athological ch:mges (Batt, 1986). 
Dying or damaged inltsti n.al ~pithelia l cells leak 
their contents o r .are sloughed into the lumen, 
hence .appreci.able rises in serum brush border 
enzyme Ie-vels do not occur. 

• Ur .... acllvlly 

The role of Htl;cobact~r spp. in human intestinal 
dis~ is well established. The presence of th~5e 
spiral organisms in the gastric mucosa of dogs .and 
c.atS has been demonstrated and the association 
b~tween their presence and gastric diseue is 
becoming increasingly probable (Lee et al., 1992). 
Although a variety of tests for hdicobacteriosis 
arc available for use in humans, diagn05is in dogs 
and cau relics either on direct visualization of the 
bacteria in biopsy speci mens or on their ability 10 

splil urea. A ureas~ I~St can b~ simply performed 
by embedding a biopsy in a urea contai ning gel 
(CioteS! - Bripharm Ltd, Surr~y, U K) containing 
a pH-5ensitiv~ dye which turns pink as ur~a is 
split into ammonia. 

• Gaslrlc all.rgy tesllng 

Challenging patients with suspected food all~rgies 
can be a potentially dang~rous procedure which 
can lead to fat.al anaphylaxis. Gastrosco pic food 
s~nsiti v i ty testing involv~s sm.all amounts of food 
extracu being dripped OntO the gastric mucosa . 
Th~ site is then observed for 2-3 minutes for 
evidence of erythema, blanching, oedema or 
petechiation (Guilford rt al .. 1991 ). Gastric 
allergy testing o nly assesses IgE-mediat~d 
immediate type hypers~nsitivity and no t delayed 
type hypersensitivity which occurs in some 
animals. 

• Abdomlnocent •• I. 

Abdominoc~ntesis can be a rapid and valuabl~ 
technique in dogs and cau that pr~s~nt with an 
aCUte abdominal crisis or in cases where abdomi · 
n.al fluid has been detected clinically or using diag· 
noslic imaging. Samples should be submitted 
for cytology, culture, protein estimation and 
cholesterol and triglyceride concentrations where 

• appropnate. 
If only small quantities of fluid are prescnt, a 

umple can be obtained by peritoneal lavage. 
Warmed saline (20 ml kg-I) is introduced into the 
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abdomen and distributed by gentle manipulation. 
After several minutes a sample is withd rawn 
which c:an be submitted for cytological examina
tion and culture. 

• Exploralory coellolomy 

Abdominal surgery is a frequently performed 
procedure in general practice in aoim:als with both 
acute and chronic intestinal disease. Results of 
exploratory surgeries are often disappointing 
both for the owner and surgeon as 'everything 
appeared normal'. Improved diagnoStic roltes can 
be achieved by: 

• More extensive initi:al investig:a tion to give a 
better idea of the pathology likely 10 be 
presenl; 

• Greater su rgical exposure allowing complete 
inspection of the alimentary system and its 
associated structures; 

• Increased sampling; all org:ans that arc sus
pected to be involved in the pathological 
process should be biopsied and the biopsies 
submitted for hislopathology. 

Exploratory cceliOtomy is sometimes req uired 
even where extensive, alternate diagnostic tech
niques are available (fable 36.7). Proper tech
nique is essential for obtaining full thickness 
intestinal biopsies panicularly in patients where 
there is increued risk of dehiseence. 

I OROPHARYNGEAL DISEASE 

O ropharyngeal disease is \'ery common in dogs 
and cats especially as they grow older. It is more 
frequently clinically signifi cant in cats. 

• Clin ical signs 

Primary clinical signs include inappetance, 
halitosis. ptyalism, oral haemorrhage :and oro
pharyngeal dysphagia. Patients with oral disease 
frequently have good appetites and ask for food 
but refuse to cat or take only a few mouthfuls 
when food i5 presented to them. Some eats will 
back away from food as though bitten. Patients 
may adopt bizarre head positions when eating and 
drinking. Pyrexia, pawing or rubbing the face, 
difficulty in opening or closing the jaw5, nual 
discharge and paroxysmal jaw chanering ;tTe al50 
seen. Dehydration can be a significant problem, 
especially in cats, who derive most of their fluid 
intake from food. 

• Physical .. am lnalion 

A complete physic:;!.1 examin3tion is essential to 
rule OUt more generalized disease as a cause of the 
clinical signs, for example animals with chronic 
renal failure m;l,y present with 'rubber jaw' or oral 
ulceration. The mucocutaneous junctions should 
be carefully examined for evidence of auto
immune disease or exposure to caustic chemicals. 
Other mucosal surfaces should be inspected if 
there is evidence of buccal mucosal haemorrhage. 
A neuroiogic:;a.1 examination is required if there are 
problems with prehension and swallowing of 
food. or if there is evidence of facial a5ymmelry or 
ptyalism. 

Examination of the oral cavity frequently 
requires gentral anaesthesia u many patienu 
resent having their mouths forced open and many 
lesions of the onl cavity arc very painful. Even 
with the most cooperative of patients examination 
of the oro- and na.sopharynx is not possible. 

Tlble 36.7 Indications, conlraind~lions all!! major compl ications of exploralory coeIiotorny 

Indlc.tlons 

Rapid decline In palient condltton 
Suspected Inlestillal perforation 
lesion likety to be in jejunumlileum 
Lesions not InvolVing Itle mucosal surface 
Disease 01 associated lymph nodes 
Suspected Intestinal obstruction 
Chrooic pancreatle disease 

ConlJllndicaliOll1 and complications 

DiagnosIS can be obtained non-invasNely 
Wound dehiscence 
Ul'\acceptabie anaesthetiC risk 
Delay In commencing ImmuoosuppresSM! therapy 
Poor woulKl healing likely, e.g. recen t glucocorticoid administlCltiOn, 
protein· lOsing enteropattly 
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• Diagnosis 

In cascs whcrc thc causc of thc problcm is not 
oh\·ious, l dilgnostic investigation should be CM

ried out. This mlY require routine hlematology 
lnd biochemistry, serology (FeLV, FlV), fungal 
(CAndida spp., Cryptococcus spp.) lnd viral (FCV, 
FHV- I) cultures, 1551YS for lntinuclcu mtibody, 
ndiognphy and biopsy. Examination of the 
n:l5opharynx can be carried out under genen.l 
anaesthesia using a small flexible endoseo~ or 
a.Item,uively curved forceps, a light source and 
denw mirror. It is import:mt to examine all are:l5 
of the mouth including the base of the tongue 
where string foreign bodies COln lodge, Multiple 
biopsies of oral lesions should be taken, 
Frequently it is only at the edge of a lesion that 
diagnostic material is present, more centrally a 
mixrure of inflammatory cells lnd necrotic tissue 
is found regudless of the COI.use of the lesion. 

• Stomatitis 

Stomatitis together with gingIvItIs, pharyngitis 
and glossitis Cln result from local and systemic 
dise:l5e (flble 36.8) and is a commonly encoun· 
tered problem particularly in cats. Clinical signs 
are r.trely helpful in suggesting the aetiology. It is 
useful to ascertain from the history whether the 
stomatitis is acute or chronic. Acute disease is 
most frequently :l5sociated with the ingestion of 
caustic o r irritant chemicals which C:lf1 include 
household plantS, e.g. poinsellia. pine needles, 
Philodendron. Electrical burns :l5sociued with 
cable chewing tend to eluse acute, linear lesions of 
the hard palate, gingivae and comminures of the 

,,, .. Oinul InOl:~lIonl 
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lips (Wolf 19')2) and may be :l5sociated with car
diac arrhythmias and pulmonary oedema. Dental, 
immune-mediated and metabolic diseases, nutri
tional deficicncies, neoplasia and microorganisnu 
tend to be associated with chronic progressive 
disease. 

Chronic lel/ne ginglvitls-stom'tltis·ph,ryngitis 

The gingivi tis/stomatitis complcx is l fruSl nting 
condition for thc owner and thc veterinarian to 
dcal with and COI.n be \'cry painful for the COI.t, The 
aetiology is unknown but is likely to be the end 
result of a varicty of discase processes which cause 
infiltn.tion of the mucosa with lymphocytes :!nd 
pl:uma cells. Less commonly an eosinophilic infi l
tn. te is seen. Gingivi tis/stom:!titis Cln lffect cats 
of any age. A relatively mild gingivitis is 
commonly seen in young pedigr~ CliS and is 
frequently self-limiting. 

Feline leukaemia virus (FeL V), fcline immuno
deficiency virus (FIV) and feline c).lici\·irus 
(FCV) have all h«n implicated in the patho
genesis of the diseasc. Around 1~15% of cases 
are FeLVIF[V positive, II is unlikely that theSe 
viroses cause direct damage to the mucosal sur
face but the gingi\'itis/stomaliris arises secondary 
to immunosupprcssion. The role of FCV in 
chronic disease is uncenain. The virus can 
undoubtedly cause severe oral ulceration during 
acute infection but whether this sets up sufficient 
mucosal damage to initiatc chronic progression is 
unclear, FCV can be isoilled from the gingivl of 
many cats with gingivitis and Stomatitis but it has 
also bcen isobted from about 25% of healthy Clts 
at shows (Coutts el ai"~ 1994), Oenul decay 
frequently lccompanies gingivitis and stomatitis 

Dental disease 
Immune-mediated disease Pemphigus. systemic or dIScoid ltipus erythematosus. kIiopathle, lmmunOllelldency, rood 

sel1SltM~, druo reactlons 
Mic:roorganlsms 

",,
Neotllaslil 
Traumatic 
Caustic, toxIC or Irritant 
Nulntlol1ll imbalance 
Chronic disease 

Primarily viral especially FCV, 00· ' , FIV. FtLV. CAV·1, distampil/ vtrus 
Rarely rungar 
Uraemia., diabetes melUtus 
e.\I . squamous cell cardnorm. ribrlHaftoml,lyr'npfloUrtOmi, I'IHmangiosim:oma 
ROid tralflc IIceutent, pilrs'5tent over"'llroomll1\l 
tndudll1\l antineoplastic: therapy 
HypeMtiImln0si5 A, niacin or ribotllYin deliciendes 
Predisposed to stomatItIS and ulU ratlon partICUlarly WIth proleif1-ca1OM malnulritlon 

" k 9 • 
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and many cases respond favounb ly to dental 
hygiene in the short term. A hypersensitivity to 
plaque bacteria has been suggested as a possible 
aetiology. 

Treatment opllons 

I. Init ially, oral hygiene procedures should be 
performed. This involves fu ll prophylaxis 
including subgi ngival eurem ge and polishing. 
Teeth with significant resorptive lesions and 
retained roots should be extr.lcted. Regular 
cleaning is tllen required every 6-12 months. 
The importance of owner compliance can not 
~ overemphasized and good tooth cleaning at 
home should be instituted using oral rinses, 
gels or pastes. 

2. Antibiotics alone rarely produce more than a 
temporary improvemem, but may aid control of 
onl flor.l where tooth cleaning is difficult (such 
cats arc also frequently difficult to medicate). 
Regular intermittent regimes can be successful 
in some cases. Suitable antibiotics include 
amoxycillin/ clavulanate (Synulox; PfiZer Ltd), 
metronidazole/ spiramycin (Stormog),l; Rhone 
Mcrieux Ltd), clindamycin (Antirobc: Upjohn 
Ltd). 

3. Corticosteroids arc most uscfu l in eases whcre 
there is a marked inflammatory cell infihrate 
and hypergammaglobulinaemia. Prior screen
ing for retrovirus should be performed. 
Glucocorticoids arc contraindicated in acute 
cases of FCV or feline herpes virus (FHV - I) 
infection. An immunosuppressive dose (pred
nisolo ne 2-1 mg kg-' di\·idcd bid) for one to 
three weeks followed by a gr.ldual tapering of 
the dose is preferred but in cats that resent oral 
med ication or in cases where the mouth is 
particularly painful parenteral or intralesional 
preparations are indicated. Methylpredni
solone acetate (Depomedrone V; Upjohn ltd) 
can be gi\'en initialty at 2 mg kg-I every two to 
three weeks for three to five doses and there
after at intervals of six to eight weeks. 
T riamcinolo ne (Vealog; Ciba Animal Health) 
at a dose of 0.6 mg injected into each lesio n 
(maximum of 6 mg). 

4. Gold salt thet:l.py has been suggested but its 
efficacy and toxicity in cats has not been 
evaluated. 

5. Diathermy and cryosurgery have been succ~ss
ful in some cases. There is a risk, however, of 
causing exacerbation of the hyperplasia and 
damaging the submucosal tissues. 

6. Radical tooth extraction has been advocated 
and good success rate rcported by some clini-

cians. Success is not guaranteed and full d~nlal 
extraction is an expensi \'e and time consuming 
procedure. Pre- and postexlraclion radio
gt;l.phs shou ld be obtained 10 ensure aU tooth 
fragments hav~ been removed. Initially the 
canines are left;n S;IH to maintain mouth shape 
and ho ld the tongue in place but these may also 
requir~ removal. 

7. Megestfol acetate (Ovarid; Mallinckrodt Vet 
Ltd) has b~en used in many cases o f chronic 
gingivitis/ stomatitis but offers no clinical 
advantage over corticosteroids and is associ
ated with undesinble side effects including 
lethargy, obesity and diabetes mellitus. 

Regardless of the treatment chosen, the prog-
nosis for recovery is poor. Many eases can, how
ever, be adequately controlled for long periods. 

• O,all,auma 

Traumatic lesions are most com monly seen in cats 
following rood traffic accidents and 'high rise' 
syndrome. Separation of the mandibular symph
ysis is most frequently encountered and is easily 
corrected surgically. Splitting of the hard palate 
following rotational forces on the skull or impact 
from a fall ma}' not require surgical intervention if 
ther~ is no communicll.tion with the nasal pas
sages. u.rger lesions require mucoperiosteal flaps. 
For repair of more complex oral defects and frac
tures the reader is referred to suitable orthopaedic 
or surgical texts. 

• O'al n,oplasla 

Tumo urs of the oral cavity are frequently seen, 
with melanomas and squamous cell carcino mas 
being most common in dogs and squamous cell 
carcinomas and fibrosarcomas in cats (Coner, 
1981 ). 

Patients usually present when the mass is quite 
large and is causi ng anorexia, dysphagia, drooling 
or halitosis. Diagnosis is based on histological 
examination of multiple biopsies taken from the 
edge of the lesion. Radiographs to evaluate bone 
involvement arc helpful although it is noteworthy 
thll.t squamous cdl carcinomas involving bone in 
cats carry a slightly better prognosis than those 
that do not. Survey fi lms are also indicated to 
check for pulmonary metastases. 

A wide variety of tumours have been found 
affecling the oral cavity including plasmacytomas, 
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osteosarcomas, haemangios:l.rcomas, lympho
sarcomas, myeloblastomu, rhabdomyomu and 
papillomas. 

Squ.mous cell Clre/nom. 

These tumours can affect any part of the oral cav
ity and tongue and can mimic m:my other oral 
conditions. They range from slowly progressive, 
superficial, localized, erythematous, ulcer:ttive 
plaques to aggressive proliferative mass-like 
lesions. Squamous cell carcinomas of the oral 
cavity invade locally but are slow to metastasize 
whereas tongue and tonsillar lesions appear more 
aggressive 2nd often met:lStasize. 

Radical surgical excision, where possible. with 
adjunctive radiatio n or chemotherapy is recom
mended. Cisplatin is the chemotherapemic agent 
of choice in dogs, but should only be used 
intralesionally in cats as it is highly toxic if given 
systemically. 

Mallgn.nt mel.nom. 
Typic2lly melanomas prcsent as pigmented, fri 
able m:lSses of the gingival o r buccal mucosa but 
amelanotic tumours do occur. Radical surgery 
with adjunctive radiation therapy is re<juircd, 
ho wever the prognosis remains poor. 

Flbrourcom. 
Fibrosarcomas are most commonly found origi
nating from the hard palate or maxilla and arc 
usually 6rm masses. Local invasion and local and 
distant metastaSis are common. Median survival 
time following radical surgical excision is approx
imately 1 t months (Kosovsky ec a/., 1991 ). 

Epulides 

Epulides are generally benign tumours of the 
gingival margin. They are primarily seen in dogs, 
but have been reponed in cats (Stebbins et at .. 
1989). C lassi6eation of epulides is controversial. 
but it is important that they arc differentiated 
from more malignant neoplasms. Acantho mato us 
epulides arc the most aggressive type. All forms 
can be treated with surgical excision. Metastasis is 
rare. 

• Eosinophilic granuloma complex 

Eosinophilic granuloma is seen frequently in cats 
and has been recorded in the Siberian husky 
(Madewell ct ai. , t 980). In cats. ulcers, granulomas 
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and plaques occur. Ulcers most frequently affect 
the upper lip of adult cats and appear :lS 6 rm. well 
circumscribed erosi\'e lesions (so called rodent 
ulcers). The aetiology of these ulcers is unknown 
and eosino phils arc not always seen on 
histopathological examinatio n. Granulomas and 
plaques occur in the mouth as well-circum
scribed. erythematous raised areas o ften associ
ated with a circulating eosinophilia. Squamous 
cell carcinoma is an important differential diagno
sis for these lesions. 

Treatment with systemic or intralesio nal cor
ticosteroids (sec Treatment of gingivitis/s tomati
tis) usually causes remission. Some cases respond 
more favourably to progestogen therapy but care 
must be taken if long-term use is envisaged. 
Surgical excision, cryosurgery or radiation 
therapy has been suggested for refractory lesions. 
The usc o f antibiotics (amoxycillinlclavulanate 
and trimethoprim sulphadiazine) for lip ulcers 
has been advocated and reported to be successful 
(Scott. t 980). 

• Oropharyngeallorelgn bodies 

Fo reign bodies are usually self+evidcnt but string 
foreign bodies can loop around the base of the 
tongue and may not be obvious o n a cursory 
inspection of the oral cavity. Long blades of 
barbed grass can become lodged dorsal to the soh 
palate in the nasopharynx and cause coughing, 
retching and d ysphagia. Fo reign bodies in the 
gingival sulci, tonsillar crypts and tongue have 
also been reported. 

• Nasopharyngeal polyps 

Polyps involving the nasopharynx are thought to 
be the result of chronic inflammation. They arc 
usually attached to narrow stalks extending from 
the middle car via the eustachian tube. In the 
nasopharynx they cause stertorous breathing, 
sneezing and d ysphagia. The majori ty of the mass 
can easily be removed by traction but attention 
should be paid to the underlying cause (usually 
otitis media) and more radical surgery of the 
middle ear may be required to prevent recurrence . 

• Olsorders of Ihe palale 

Cleft palate is seen u a congenital disorder in dogs 
and cats and in some cases may also be heritable 
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(Shih Tzu, Siamese, pointers and bulldogs) 
(Harvey, 1987). C linical signs are usually appar· 
ent from a young age with milk appearing at the 
nostrils during suckling. T realment is surgical. 

Elongllion of the 50ft palate, as pan of 
the brachycephalic airway syndronlC~ , primarily 
affects the respiratory Iract rather than the G IT. 

Congeni tall y short soft palates are Secll in both 
COlts and dogs. The pOllale fails to Cont;Jct with the 
epiglottis and thus does not protect the airway 
resulting in a chronic nasal discharge. 

• Pharyngilis 

'Pharyngitis' is commonly diagnosed in cats and 
dogs with vague signs of inappctance, dysphagia 
and retching or vomiting. Primary disease is rare 
and usually associl.led with trauma or the inges· 
tion of toxic or C;J.ustic substances. The condition 
is more frequently seen secondary to widespread 
oral, respiratory or systemic disease. 

• Tonsillar dls.a., 

Primary tonsillitis is comparatively rare and 
appears most commonly in young toy breed dogs. 
A variety of bacteria have been cultured but may 
not repre.'lent primary agents. Affccted dogs 
cough and gag and then retch or expectorate small 
quantities of white foamy mucus. Patients can be 
depressed, p}'rexic and inappetant. Examination 
of the tonsils under general anaesthC'Sia is usually 
required. The tonsils appear hyperaemic and 
mouled and may have pttechiae and small focal 
abscesses (visualized u white specks) on the sur· 
face. Protrusion of the tonsils is difficult to assess 
as there is grtat variation between individuals. 
The condition is usually responsive 10 anti· 
microbials but tt nds to rtcur. Most animals 
will, howevcr, recover spontaneously with age. 
Tonsillectomy is rarely necessary and can cause 
se\'ere, potentially life·thre.atening, haemorrhage. 

Neopluia generally causes massive enlargement 
of the tonsils resul ting in gagging and dysphagia. 
lymphosarcoma (bibteral enlargement) and squa· 
mous cell carcinoma (unilateral enlargement) are 
most commonly sttn. Diagnosis is bued on the 
clinical picture and th~ results of fine needle aspi· 
ration cytology or histopathological examination 
of grab biopsies. lymphosarcoma can be treated 
wit h standard chemotherapy protocols. Squamous 
cell carcinoma is usually highly malignant and 
aggressive. Treatment is rarely successful. 

• Salivary gland disease 

Salivary mucocele 

Sialoceles result from leakage of the saliva into the 
SUbcUlis of the neck, pharyngeal wall or sub· 
lingual tissue (ranula). The cause is not always 
apparent but trauma e.g. road traffic accident in 
cats is likely. Cervical sialoceles result in unilateral 
swelling below the m;tndibles. Pharyngeal si210-
celes can significantly compromise the patient's 
ability to tat or drink. Ranube appe.ar under the 
tongue. Diagnosis is by upiration of a ';tmple of 
mucoid brown Ouid of low cellu larity. Surgical 
du.inage, marsupialization and removal of the 
affccted gl:md(s) are cur.nive. 

SlalDadenllls 

Trauma to thc saliv.ary glands can result in a 
painful swollen gland with 2Ssociated anorexia., 
pyrexia and pain on opening the mouth. 
Diagnosis is bued on the results of fine n«dle 
upiration cytology. Treatment with antibacterial 
therapy and, occasionally, surgical drainage is 
effective. 

Salivary gland nleros's 

Necrosis is a rare disease of unknown pathogene
sis most com monly reponed in terriers particu· 
larly Jack Russel ls (Kelly et al., 1979). The salivary 
gland becomes enlarged and firm and affected 
animals develop persistent anorexia., depression, 
ptyalism, gOlgging, vomiting and frequent swal· 
lowing. Diagnosis r~quir~s biopsy. Surgical resec· 
tion is sometimes palliltin. 

Salivary gland neoplasia 

Neoplasia is usually s~en in old cats and dogs u 
malignant tumours of epithelial origin. Diseue 
is frequently advanced at presentation having 
alread}T infi ltrated the local area. The prognosis is 
ther~forc poor. 

Ptyalism 
Ptyalism can result from both hypersalivation and 
an in:.abili ty to swallow normal uliva production. 
It can be secn .associated with a variety of salivary, 
oropharynge.al and oesophageal diseases. It 
can also be associated with systemic diseues 
panicularly hepatic encephalopathy in cats. 
Phenobarbitone responsive (3-4 mg kg-I bid) 
hypersalivation has been reported in two dogs 
(C hlpman and Malik, 1992). 



Miscellaneous diseases 

Salivuy gb nd fo reign bodies, sialoliths, auto
immune diU';I.5(! (Sjogren" syndrome) and salivary 
gland fistula are rare conditions in cats and dogs. 

I DYSPHAGIA 

Dysphagia is defintd 2S difficulty in swallowing 
and should be differentiattd from anorexia and 
inappet2nce which may appear similar to the 
owner. 

• Aeliology 

Swallowing requires the coordination of five cra
nial nerves (trigemi nal, facia l, glossopharyngeal, 
vagus and hypoglossal) mtdi3.ted through the 
sW3. l1owing centre (Suter and W3.trous, 1980). The 
longue, hard and soft palates, pharynx and 
oesophagus are intim:uely involved in this 
process. 

Table 36.9 Functional and mechinicaI causes of dysphagia. 
See Tabh! 36.11 IOf causes 01 megaoesophagus which can lead 
to _ , "",..,. 

Fulildional 
dllOld.rs 

Medlinleal 
dbonlers 

Congenital- cncopharyooeal dysphagia 
eNS ieslOl'lS - masses. trauma. 
Inflammatloo 
Paresis 01 cnnlal neIVes V. VII. IX. X or XII 
Mlctoblal- botuUsm. rabies, toxoplasmosis 
Torle -lead 
Neuromuscular dySluoclion - poIymyosi1is, 
myopathles 

Oropharyngeal masses - elongated soft 
palate, neoplasia or abscessatlon of 
eplglotliS, tonsils, pharyflgeal walt or soft 
palate 
Pharyngeal oedema - Insect blteslstl~S, 
caustIC chemicals, excessivety hOI 100<1. 
trauma, allergy 
Trauma - mandibular or hyoid lractures. 
bite wounds 
TemporomandlbLllar loint dysfunctlon
malformation, degenerallW joinl dISease 
cranlomandibutar OSteopathy 
Tongue dyslunctlOll - neoplasia, trauma 
Extra-oral masses causing obstructioo
retropnarynoealtymPhadenopathy, saliYaty 
gland margemenl. trauma/abscessation 01 
penptw,ryngeaillssue 
EOSinophilIC granulOma complex 
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Swallowing is initiattd by the voluntary move
ment o f a food bolus into the phuynx by caudo
dorsal movement of the tongue pressing the food 
bolus against the hud palate (Watrous, 1983). The 
bolus is detected by pharyngeal receptors which 
initiate an involuntary closure of the nasopharynx 
by elevating the soft paJate and closing the 
palatopharyngeal folds. The airway is protecttd 
by closure of the glottis and tipping the epiglottis 
during which time the cricopharyngul sphincter 
relaxes. Pharyngeal muscle contn.ction then 
moves the bolus into the oesophagus where 
peristalsis carries it into the stomach (Zawie, 
1987). 

Dysphagia is more commonly describtd in 
dogs than cats which may rcfl ect lifestyle as dogs 
are more likely to chase and chew sticks and 
scavenge resulting in an incre:ued incidence of 
oropharyngeal trauma and forcign bodies. 
Dysphagi:u can be classified as functional or 
mechanical (fable 36.9) or according to the 
structures involved namely on.l, ph3.ryngeal o r 
oesophageal. 

• Cllnlc.lllndings 

Typically, dysphagic patients show weight loss, 
increased appetite and o ft en appear to be messy 
feeders. When food is given they tend to have 
difficulties in prehending or swallowing food 
although with time many animals will adapt to 
overcome a functional o r mechanical pro blem. 
Pain may eventually lead to reluctance to eat with 
patients continually demanding food but then 
only taking a few mouthfuls or not e3. ting at all 
when it is presenttd to them. 

Modifications in eating behaviour, poor coor
dination of swallowing o r neurological defi cits 
that accompany dysphagia greatly increase the 
risk of :upintion pneumoni:t. Aspiration pneu
monia is characterized by a dr.am3.tic deterioration 
in the patient 'S condition, coughing, t3.chypnoea, 
pyrexia and depression. 

0,./ dysph.g/, 

The patient is unable to prehend food or form a 
bolus which exhibits as an inability to pick up 
food, excessive chewing, throwing the he:td 3.bout 
whilst e:tting, food fa ll ing out of the mouth or 
being held in the cheeks, faci aJ asymmetry, inabil
ity to lap fluids, d rooling saliva and an inability to 
control the tongue. Retching o r gagging are rare 
as the bolus does not reach the pharynx. 
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Pharyngeal dysph.gl. 

These animals are able to prehend food and form 
a bolus but show repeated auempu to swallow 
with gagging, retching and coughing. Food may 
return into the mouth, appear at the nostrils or be 
inhaled. Inhalation resulu in paroxysmal cough
ing. Pharyngeal dysph"gi" occurs due to def«tive 
sensory or mowr function. There is asynchrony 
in protectio n of the "irway, failure of the 
cricopharyngeal sphincter to relax or failure of the 
pharyngeal muscles to cOnlract (Watrous, 198J). 
Eating is 3.5soci;ned with discomfort "nd such 
patients tend to become anorexic. 

Cricopharyngea/ dysphagiA (achalasiA) is a 
specific condition associ"ted with either failure 
of the oesophageal sphincter to di late or, more 
commonly, "synchrony of sphincter dilation with 
swallowing. Suggested aetiologies include neuro
logical deficits, atrophy, fib rosis or hypertrophy 
of the sphincter muscle, trauma, neuromuscular 
deficits and neoplasia. Rudy cricopharyngeal 
dysphagia is :associ"ted with generalized neuro
muscular disease such as myasthenia gr:avis. 
Cricopharynge.tl dysphagi" is very uncommon in 
the cat. 

Most ases are congenital and become "pparenl 
post-weaning (Rosin and Hanlon, 1972) but 
acquired cases do occur. An hereditary predispo
sition h.15 been suggested in cocker spaniels 
(Weaver, 1983) and poodles. Clinical signs are 
similar to other pharyngeal dysphagias. 

Oesophageal dysphagia 

Oesophageal d ysphagia is seen retttively fre
quently (Watrous, 198J) and is associated with 
passive regurgit.ttion o f undiguted food after 
feeding. Aspiration pneumoni" is common. 

• Diagnosis 

Recognition of dysphagia is based on a good 
c1iniC;li history. distinguishing d ysphagia from 
anorexia, regurgitation and vomiting. Physical 
examination should include a neurological evalua
tion. It is often hdpfulto observe the patienl eat
ing rather than rely on an owner's description. A 
distinction between \'omit (acid) and regurgiuted 
or re tched (alkaline) material nn be made by 
measuring the pH of the sample (Shelton, 1982). 
Adequate examination of the oral cavity may 
require sedation or anaesthesia which nn be com
bined with survey radiographs of the head, neck 
and thorax. Where there is evidence of more gen 
eralized systemic disease such as hypothyroidism 
or myasthenia gravis then specific tests should be 
carried OUt. 

Contr:lSI studies, particularly if perfo rmed in 
association with Ouoroscopy (Suter and Watrous. 
1980), allow a detailed study of the swallowing 
process to be performed (fable 36.10). 

• Treatment 

The prognosis for swallowing disorders is 
generally guarded and unless a specific, treatable 
underlying cause can be identified, the response 
to symptomuic therapy tends to be poor. 
Aspiration pneumoni:a shou ld be treated with 
aggressive antibiosis but is liable to recur. Feeding 
can be improved by varying the consistency of the 
diet to one that the patient can cope with beSt. 
Long-term feeding through a gastrostomy tube is 
appropriate in some cases but requires dedicated 
and informed owners and good veterinary sup
pOrt. 

Tlbl.36.10 Clinical aBd Huoroscopic localization 01 disease in the dyspllagic an imal 

Cllnicallilln Type ollfp phlllil 

O~I 

Defacti'le bolus formation + 
Retention ot lood + 
Food lalls oul 01 mouth + 
Nasal egress ollood 
FaIlure 01 pharynx to contract 
RetentIOn ollood In the pharynx -
Cncopllaryngeal achalasia 
RetenttOn ollood In the oesophagus 
RetChIOQ 
Regurilltahon 

Phlrynlleal 

+/-

-
+ 
+ 
+ 
+ 
-
+ 
-

Oelophlgeat 

--

-
+ 
+ 
-
+ 



Cricopharyngeal dysphagia can be successfully 
treated. in around 70% of cases by partial 
cricopharyngeal myoto my. Accurate diagnosis is 
essential as a myotomy performed fo r other 
causes of dysph2gia will worsen the condition 
(Elkins, 1987). 

I OESOPHAGEAL OISEASE 

Oesophageal disease tends to be underdiagnosed 
as most owners perceive the regurgitation that 
occurs as vomiting so that subsequent investiga~ 
tions tend to be directed towards the stomach and 
small intestines. 

• Megaoesophagus 

Alliology 

Megaoesophagus or oesophageal dilation is l 

common cause of regurgitation (Clifford et ai., 
1971; Simpson, 1994). The condition may be con
genital or acquired and hereditary predispositions 
have been reported. in dogs. Idiopathic megaoeso
phagus is inherited in the wire~haired fox terrier 
(Osborne et al., 1967) and miniature schnauzer 
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(Cox et aJ.,1980) and breed predispositions have 
been reported in the Great Dane, Irish seuer, 
German shepherd dog and shar pei. It is reb.tively 
rare in the cat (Harvey et al., 1974) although it 
rna)' 2150 be inherited (C lifford et al., 1971) with 
Siamese-related breeds being predisposed. The 
difference in the prevalence of the conditio n 
between dogs and cats rna)' reflect the predomi
nance of smooth muscle fibres in the feline 
oesophagus. 

Megaoesophagus in dogs under six months of 
age may be due to immaturity of the oesophageal 
muscle and animals can recover spontaneousl)' 
by o ne year of age (Simpson and Else, 1991a). A 
number of causes and disease associations of 
megaocsophagu5 have been documented (Zook 
and Gilmore 1967; Mason, 1976; Sharp et al, 
1984; Leib, 1986; Zawie. 1987; Hoenig er al .• 1990; 
Maddison and Allan, 1990) (Table 36.1 J). 

The aetiology of congenital megaocsophagus 
is unknown. However, current opinion suggests 
that oesophageal motor function remains inuct 
and the disease is associated with a sensory failure 
or a lesion in the swallowing centre (medial part 
of the lateral reticular formation o f the hrainstem) 
(Zawie, 1987). Failure of the high pressure zone of 
the distal oesophagus to o pen is not :.l primary 
problem but occurs due to lack of peristalsis. 

T, II Ie •. 11 causes and disease associations 01 megaoesophagus 

Nltl/roml/UI/lar 

Idiopathic megaoesophagus 
Myasthenia gravis - focal and generalized 
Systemic lupus erythematosus 
Polymyositislpo/ymyopalhy 
Dyslrophin deficiency 
Glycogen storage disease type II 
DermatomyositiS 
~llne dySautonomia 
Giani cell axonal neuropathy 
Immune-mediated polyneuritis 
Gang 110 radiculitis 
Spinal muscle atrophy 
Bilateral vagal daJnaoe 
Familial reflex myoclonus 
Cervical vertebral instabllity 
Bralnstem trauma, neoplasia or vascular disease 
Polyradiculonemitls 
Botull5m 
DIStemper 
Tetanus 

Oesophageal obstruction 

Neoplasia 
Vascular ring anomaly 
Exlra-oesophaoea,l compression 
Strictures (see Table 36. 14) 
Granulomas 
foreign bodies 
Toxic 
Thallium 
lea. 
Organophosphates and anticholineslerases 
AcrylamJde 
Other 
Mediastinitis/mediastinal mass 
Broncho-oesophageal tistula 
Gastnc heterotopia 
HypoadrenocorticiSm 
HypothyrOidism 
PlluitllY dwarfism 
Trypanosoma cruzilnlection (not UK) 
Thymoma 
Poslviral disease in cats 

AYK\rs'(o zas~ e 10 gradivo 
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Cllnlc.1 findings 

The majority of c:lSes present with regu rgit:l tion of 
undigested food shonl}' :lfter euing but some :lni· 
mals will ref:lin food in the dil:lted oesophagus for 
:I consider:lble period of time before rrgurgituion. 
Less commonl}'. patienu will only rcgurgit:lIc 
liquids. especi:llly s:lli\':I., which is unusociated 
with feeding, Some cues of megaorsophagus will 
prr:sent with aspiration pneumonia u the prim:lr}' 
sign. Appetite is usually increuoo initially, but 
becomes depressed if aspiration pncumonia dcvel
ops. Congenital cases fail to thri\'e :lnd gain wright 
where.u adult animals tend to lose cond ition. 

DI.gnD,ls 

History :lnd clinical signs will often suggest 
rnrgaocsophagu5 which can be confirmed, in the 

majority of cases, by :I plain. conscious, lateral 
radiograph (Figs 36.5 and )6.6). TypiuJly the 
dil.ued oesophagus is gas filled which helps to 
outline the dorsal and \'entral walls of the orsoph· 
agus and the dorsal wall of the trachca. Evidence 
of :In a.spiu.tion pneumonia is frequently prC$ent 
in the dependent areas of thecaudal pan of the left 
cranial. right middle. acctssory and caudal lung 
lobes. Contrast slUdies art usually unncctssary 
.. nd .. spirat ion of barium is .. risk. In subllt CUtS 
contrast nudits preferJ.bl}' wi th fluoroscopy may 
bt required. 

Fo llowing confi rmation of a megaocsophagus 
tvery effort should be made to definc a primary 
cause. Some o r all of the following tesu may 
be required; :ldrenocorticotrophic hormont 
(ACfH) stimulation test, thyroid 5limul:lting 
hormone (TSH ) nimulation test, a complete bio-

FIGure 36.5 Idiopathic megaoesophagus in a 6-year-old. female Burmese cat wi th a two-month 
history of regurgitation and dyspnoea. 

Figur' 36 .6 Megaoesophagus secondary to 
myasthenia gravis In an " -year-old. neutered. 
lemale Hungarian Villa dog. Note the gas·filled 
oesophagus allowing the dorsal and ventral wall 
01 the oesophagus (small arrows) and the dorsal 
wall olthe trachea (large arrows) to be seen. 

Av adhvo 



chemical screen, assays for :mtinuclear antibodies 
ilOd acetylcholine receptor antibodies, endoscopy, 
e1«tromyogt2phy, nerve conduction velocities, 
muscle biopsy, serum lead, thallium and botu
linum toxin con«-ntr.uions, acctylcholinestcnse 
activity (Shelmn, 1992; Simpson, 1994). lf an ani
mal is [0 be anaesthetized for diagnostic testing, 
great care must be taken 10 pr~cnt aspiration of 
O6Ophagcal fluid particubrly during inducuon 
and the recovery phase. 

r",tm.nl 
Treatment of mega~sophagus. even when a pri
mary cause has been defined, can be' frustr:lting 
and expensive. Thcnpy for the underlying diseuc 
may help bUI even when the primary condition is 
controlled the meg3ocsoph3gu5 docs nOt always 
resolve. Surgicaltcchniqucs have: been described 
(or the reduction of oesophageal size but success 
rau~s arc generally very poor. 

Symptomatic management should centre on 
providing adequate nutrition in the form of a low 
volume, high energy diet. Patients should be fed 
from an elevated position and encouraged to sit 
for 15 min after (C¢ding. For small dogs or cats it 
is often more appropriate 10 carry them as though 
'burping' a baby. Solid food is generally preferred 
to liquid diets. Long-term gastrostomy feeding is 
suitable (or some patients, but aspiration pneu
monia may Still occur due to pooling of saliva in 
me oesophagus which is then regurgitated and 
aspirated. Where aspiration pneumonia is present, 
broad spectrum antibacterials such as clavulanic 
acid potentiated amoxycillin, fluo roquinolones or 
cephalosporins should be given fo r at least tWO 
weeks. 

Cholinergic drugs such as bethanechol have 
little beneficial effect in dogs as the oe:sophagus 
consists primarily o f skeletal muscle. 
Meuxlopramide is contraindicated as it 
increases distal oesophageal tone which can 
reduce passage of food into the stomach. Due 
to the increased smooth muscle content of the 
feline oesophagus, cholinersic and prokinctics 
such as metoclopramide o r cisapride may be 
more effective. The value of eisapride in the 
treatment of canine meg:tocsophagus has yet to 
be evaluated. 

Care needs to be taken when immunosuppres
sive doses of glucoconicoids are used to treat 
immune-mediated diseases such as myasthenia 
gravis, systemic lupus erythem:uosus (SLE), 
polymyositis or polyneuritis as acute exacerba
tion of aspiration pneumonia can occur. 
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PrognDsls 

The prognosis in most cases of meg2ocsophagus is 
guarded. Oesophageal function in young animals 
will impro\'e as they mature and recovery rates of 
20-40% are reported in young dogs. Occasional 
cases of transient, adult onset, megaoesophagus 
have been reported (Hendricks et al., 1984 ). 
Mcgaoe:sophagus secondary 10 appropriately 
tre:lled polymyositis, polyradiculoneuritis. SLE, 
focal myasthenia gn.vis, hypo:tdrenocon.icism. 
botulism, mediastinitis :tnd broncho-oesoph:tge:tl 
fistul:t may carry a more favourable prognosis. 

• Vascular ring anomalies 

Vucub.r ring anomalies arc rel:ttivcly common 
in the dog (Fundquist, 1970) but arc r:tre in the 
cat (Uzuka :tnd N:tkam:t, 1988). The condition 
appears to be more common in German shepherd 
dogs (Z:twie, 1987), Irish seuc.fS and BOSlon 
temen. 

During norm:tl embryonic development, the 
pulmonary artery and :ton:t devdop in the left 
side of the thorax and :tre connected by the ductus 
arteriosus. A number of different congenital 
v:t.SCular anomalies have been described (Woods 
et al., 1978; v:tn der Linde-Sipm;an. 1981; Hurley 
et al., 1993) although (he molt common is :t 
persistent right :tonic arch. The persistent right 
aonic arch resuiu in the oesophagus becoming 
entrapped between the aona (on the right), the 
pulmonary :trtery (on the left), the ductus (liga
mentum) :trteriosum (dorsally) and Ihe heart base 
(ventrally) (Fig. 36.7). This ring prevents adequate 
dilation of the oesophagus during sw:tllowing so 
food but not Ouid is ret:tined in the oesophagus 
crani:tl to the hurt bue. With time a prestenotic 
dilation of the oesophagus occurs. 

Another, clinicallr. significant, :tnomaly occurs 
when the left subc avi:tn artery originates from 
the right :tortic arch. The vC$JeI follows :t course 
to the left :tnd passes over the top of the ocso
phagus causing constriction. 

CllnlcalslgM 
Classically, regursitation occurs :titer we:tning 
onto solid food . The undigested food is usually 
rcgurgitatt'd shortly after fet'ding and is fre
quently re-eaten. As the oesophageal dil:tt ion 
progresses rcgurgiution c;an become delayed. 
Affected puppies and kittens usu:tlly present 
before siI months of :tge with rcgurgiution, 
failure to gain weight and frequently aspiration 
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Figure 36.7 Diagram 01 the thoracic 
structures in a patient with a persistent 
right aort ic arch that can lead to 
constriction of the oesophagus. 

pneumonia. Occasionally a bulge m;ay appear at 
the thoracic inlet after feeding due to the oesoph 
agus becoming dimnded with food. 

DI,gnosls 

Differentiation from other causes of regu rgilJtion 
is important. This c;an usually be achieved with 
contrast radiogNphy, endoscopy or fluoroscopy. 
Endoscopy is useful in distinguishing extra- from 
inlNmural lesions ausing stricture. Fluoroscopy 
allows a.uessment o f oesophageal motility caudal 
to me stricture which can be ;abnormal in some 
dogs. Angiography is required to csubl ish the 
t)'~ and location of the anomaly. 

TrIBtm,nt 
Early treatment is essential in ordcr to reduce the 
risks of the stricture and d ilation becoming per
manent. A lateral thoracotomy and transection of 
the constricting band forming the vascular ring is 
required. Where possible the nutri tion;a l status of 
the patient sho uld be improved prior to transec
tion which may require the surgical placement of 
a gastrosto my tube. Aspi ration pneumoni;a, if pre
sent, should also be contro lled before surgery. The 
prognosis for complete recovery is guuded with 
up to 50% of dogs still exhibiting signs and as 
many u 40% being euthanaSC'd following surgcry. 

I Oesophag.allor.lgn bodl •• and 
oesophageal perforation 

The OC'Sophagus is an incredibly d istellsible struc
ture and is able to accommodate mOSI objecu that 

..... ......... '" -;"'" ..". .. 

arc swallowed. Foreign body obstructions do, 
however, occur (Spiclm;an et al., 1992) and ue 
more frequently encountered in dogs than cats 
(Ryan ;and G reen, 1975), probably due to their 
scavenging nature, and are prt'valem in small 
breed dogs particularly West Highland whitt' ter
riers (H oulton et aI., 1985). The most common 
ror~ign bodies ar~ bones in dogs and fi sh hooks or 
needles in C;l.1S. Foreign bodies arc usually located 
at the thoracic inlet, heart bue o r diaphragmatic 
hiatus where the oesophagus is least d istensible. 

Foreign bodies can be complicated by 
oesophagitis (and secondary stricture) and 
oesophageal perforation leading to medias tinitis 
o r broncho-oesophageal fistu la formation. 
Recurrent smooth oesophagt'al (oreign bodit's 
such as hairballs in ;a cat should prompt the clini
cian to look for an underlying motility disorder. 

Cllnlca/findlngs 

Patients usually present with an acute onset of 
sal ivation, gaggi ng, retching, dysphagia, regu rgi· 
tatio n or repeated attempts to swallow. Physical 
examination is often unhelpful but the pharynx 
and base of the tongue should be examined care
fully fo r the presence of lint'ar foreign bodies. 

The de\'dopmcnt of coughing, respi ratory 
signs, depression, letharg)', pyrexia and dehydra
tion a few days after the initial signs indicates that 
aspiration pneumonia or oesoph"ge"l perforation 
mOlY have already occurred. 

DI,gnosls 

A di;agnosis COIn generally be made from the 
history and pbin radiognphs u the m;ajority of 



foreign bodies are radio-opaque. Occasionally 
endoscopy or contrast studies are required. If 
there is a possibility that oesophageal perforation 
has already occurred then an iodine-based con
trast medium should be used. Oesophageal perfo
ration is associated with the accumulation of gas, 
fluid or food in the cervical area, medi:tstinum or 
pleural cavity but is not a consistent sign. 

T,,,'menl 

Oesophageal foreign bodies sho uld be viewed as 
emergency cases as the longer they arc present the 
greater the risk of mucosal damage and therefore 
the likc:lihood of perforation or stricture. 
Removal can be accomplished in one of four 
ways: 

1. Endoscopic retrieval per os; 
2. Fluoroscopic-guided retrieval per os: 
J. Manipulation of the foreign body mto the 

stomach ± gastrotomy and removal; 
-4. Thoracotomy. 

In most cases, foreign bodies can be success
fully removed using a rigid endoscopic retrieval 
and large crocodile forceps as the endoscope 
dilates and protects the oesophagus during the 
procedure. Retrieval with a flexible endoscope is 
appropriate for small penetrating objects such :ts 
needles, but c:tn be difficult with larger objects as 
the grab forceps available are often too small and 
basket retrieval is difficult as it can not be passed 
over the foreign body. Whichever method is used, 
only gentle traction should be employed. If the 
foreign body is firmly wedged in the lumen 
oesophageal necrosis may have already occurred 
and surgical treatment may be more appropriate. 

Where the foreign body is lying close to the 
cardia, gentle pressure to push it into the stomach 
is often prcfenble rather than trying to drag it 

lIble 36.12 Aetlopathogen!S1s of oesophagitis 

Renu. oesophagill, 

Il'ICOmpelent gastro-oesophageai Silhincter 
Rellux of irritant substances - gastric acid, pepsin, bile, 
pa rn::reatlc enzymes 
Abnormal oesophageal clearance - decreased peristalsis, 
salIvary bicirbooate or mucosal resistance 
Delayed gastriC emptjiflg 
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along the entire length of the oeso phagus where it 
may become lodged in a less accessible area. 

Thoracotomy and surgical removal is required 
if the fo reign body is tightly wedged or significant 
perfo ration has already occurred. Oesophageal 
surgery should not be undert:tken lightly :ts com
plication rates are high and postoperative manage
ment complex (Ho ulton el at., 1985). Urgent 
referr:tl may be the most appropri:tte w:ty to 
manage such cases. 

After removal o f a foreign body the oesophagus 
should be carefully inspttted for damage. 
Hyperaemia and ulceration arc common findings. 
Survey radiographs and contrast studies may also 
be appropriate to detect minor perforations. 
Small tears and lacentions (less than I cm) can be 
managed conservatively with broad-spectrum 
antibacteri3. ls, mucosal protectants, such as sucral
fate. and resting the oesophagus by feeding vi3. 3. 
g:tstrostomy tube. 

Prognosis 

Initi:tl prognosis foll owing removal is guarded as 
perforation of devitalized tissue may occur and 
strictures can develop some days later. Local 
motility deficits can also occur days to a week or 
more after removal. 

• Oesophagilis 

Clinically significant oesophagitis is uncommo n 
in veterinary practice, however. the prevalence o f 
low grade oesoph:tgitis is probably quite high. 

Aetlopalhogenesls 

Infhmmation of the oesophagus may occur for a 
number o f reasons(f 3.ble 36.12) but can be broadly 
divided into two categories: reflux oesophagitis 
and oesophagitis caused by direct damage to the 

Oinel mllcosal injury 

Thermal Inlury 
SwallOWing strong acids. alkalis or corrosives 
Foreign body obstillction 
Acute and persistent vomiting 
Drugs lodging In oesophagus aller adminiStration - do,.;ycycline, 
tetracycline, NSAID, potassium Chloride, ferrosulphate/sUCCinate. 
ascorbic acid, alprenolol 
Infectious agents - Ieline caliCivirus. papillomatosis 
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oesophageal mucosa. Gastro-oesophageal refl ux is 
l normll phenomenon in dogs and cats but is mi ld 
l nd tnnsiem. Oesophagitis is unlikely to develop 
because of neutralization of the lcid by Sllivl and 
the low co ntact time as the material quickly re
enters the stomach following normal oesophageal 
peristalsis. 

Following the onset o f oesophagitis, the distal 
high pressure zone of the cardia fails allo wing 
further reflu x of gastric lcid :md pepsin to emer 
the oesophagus and the developmem of a vicious 
cycle (August, 1983). 

Clinical sllns 

Clinical signs will Vlry according to the elltem of 
the injury which can range from mild mucoSlI dam
age to deep ulceration involving the muscle layers. 
Oe50phagitis is a plinful condition and patients 
show repeated swallowing behaviour, regurgitation 
of food, reluctance to ClI, sllivanon m d haem
l temesis. Depression and polydypsia may also be 
seen, together with weight loss md regurgitation of 
viscous, oft en blood-tinged, Slliva-like flu id. 

Ol"nosls 

A histo ry of recem general anaesthesia is a 
common featu re in ml ny C2ses. Laborl tOry l nd 
n diographic stud ies arc usually unhelpful 
al though segmemal oesophagC'al narro wing may 
be seen o n plain radiographs. Fluoroscopic stud
ies can be used to show gastro-oesophagC'al reflu x 
and oesophageal d ysmotility. The most semitive 
diagnostic procedure, however, is endoscopy. 

Tre,tment 

Treatments involve correction of the underlying 
disC'ase. where known, l nd symptomatic thenpy 
of the inflammltio n. Oesophageal rcst fo r 24-48 h 

is helpful fo llowed by feedi ng a low fl t diet. 
Prolo nged fasting is not recommended as this 
may increase the risks of stricture fo rmation. 
Reduction in gutric acid ity can be achieved with 
HI blockers such as cimetidine. nnitidine or 
famotidine or using pro ton pump inhibito rs 
(fable 36. 13). Gastro-oesophageal reflux can be 
reduced using p ro kinetics such lS metodo
pramidC' o r cisapride. MucoSlI protection is 
achieved using sucralfate or collo idal bismuth 
suspensio ns. Anti- inflammato ry doses of pred
nisolone may reduce the risk of stricture. Drugs 
that reduce lower oesophageal to ne such as anti
cholinergics and sedati\'CS should be lvoided. 

Pro,nosls 

The prognosis depends on the severity of the 
inflamm;ltio n but is gu;trded in severe or chronic 
cases. Aggressive therapy is requirC'd but 
oesophageal Stricturing may still occur. 

• Oesophageal slricture 

Oesophageal stricture is usually the end product 
of a previous oesophageal insult (Pearson et ai. , 
1978a) (fable 36.14) which results in fi brosis 
reducing the oesophageal d iameter and preventing 
normal oesophlgeal dilation and peristalsis. 
Strictures can be single and localized o r multiple 
and involve a signifi cant length of the oesophagus. 
They can occur at any level of the oesophagus. 
Dilation of the oesophagus cranial to the stTicture 
will occur with time. 

ellnlell Signs 

The clinical signs arc similar to those seen with all 
other oesophageal problems. Liquids tend to be 
tolen ted better than solids. 

Tlble 36.13 Suggested dose rat es of drugs llsed to treal canine and feline oesopllagitis 

Therapy 

MetocJopramide" 

Clsapnde 
CimelJdlne 
Ranilldine 
Famolidllle 
Omepraztlle 
SlIcratfale 
Prednisolone' 

' l k;en$ld preparations 

Dose rate/toute In dOllS 

0.5-1.0 mg kg-' p.OJl.vis.CJl.m. sid-bld; 
1- 2 mg kg-' dar' I.v. by COlllinlKllJ5lnluSion 
0 1-{1.5 mg kg" p.o. bid-tid 
4- 10 mg kg" P.oJl.v. lid-qid 
2 mg kg-' p.o.1i.v. Od 
0.5 mg kg-' /1.0. sld--bid 
0.7 mg kg·' p.o. sid 
0.5-1 g dog-' p.o. bid-lid 
0.5 mg kg-' dar' 

0011 rate{rolile ln tits 

Asd" 

2.5 mo cat' p.o. bid 
4- 10 mg kg"' p.oJlv. tiCklId 
2.5 mg kg·' i.v bid or 3.5 mo kg-' p.o. bid 
0.5-1 mg kg_I p.oAv. sld--bld 
0.75-1.0 mg kg_I p.o. sid 
0.25 g cal ' /1.0. bid-lid 
0.5-1.0 mo kg-' day-' 
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l l bl, 38.14 Predisposing Iaclors wtJiclI may result In 
oesophaoea! strictura lormatioo 

Oesophaoeallorelgn body 
Vascular ring anomalIeS 
_'0 
Oo!- to three weeks postanillSthetJa (secondary to 
oesophaQllIs) 
FoIIowino surgical inteMfltion 
latrogeoic loIowlng endoscopy. $lomactl tubmg 

• Dlagno.ls 

Contrast radiography or endoscopy can be used. 
In cues where the stricture is 5Cvere, contrast 
studies especially if performed in conjunction 
with fluoroscopy help to evaluate the extent of the 

• stncture. 

"',n",m, nt 
Treatment of strictures can be difficult, frustrating 
and expensive. Most cases are treated with 
bougienage or, preferably, balloon catheter dila
tion (Burk et al., 1987; Soay et al., 1987) (Figure 
36.8). The fibrotic tissue is broken down by the 
passage of increasingly large bougies o r by gentle 
inflation of a balloon catheter. Care must be 12ken 
not to attempt overly aggressive dilation as 
oesophageal tearing can result. After dilation, the 
pallent should be encouraged to e.n and pred
nisolone can be given at a dose of 1 mg kif' day-I 
to reduce the extent of the re-stricturing that 

B,"""n cattIeIef dilllion 

Aglre 36.8 Diagram showing the torces exerted on an 
oesophageal stricture by a bougie compared to a balloon 
catheter. The radiallorces created by a balloon catheter 
are a superior method 01 stricture dilation. 
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ineviu.bly occurs. Repeated dilation every }-4 days 
is required which means frequent anaesthetics. 

SurgiC21 techniques have been described 
involving resection of the affected ponion of the 
oesophagus Uohnson et al., 1992) but have a poor 
success rate and are associated with many POSt
surgica.! complications. 

Regardless of the technique employed the 
prognosis for paticnts with oesophage:11 Slricturt 
is guarded . 

• Perl-oesophageal man es 

External compression of tht oesophagus may 
result in ,'arying degrees of obstruction (d. V3.$

cular ring anomalits). Oesophag~a l compression 
can occur secondary 10 t nlarged bronchial or 
mediminal lymph nodes, pt ri-oesophageal 
ab5cesses and tumours o f thoracic structures, such 
as lymphosarcoma, thymomu, ht:trt but masses 
(Zawit, 1987). Obstruction u n be c:lustd by nto
plasm5 affecting tht rttropharynge:11 and cervical 
areas, for example thyroid tumours which can 
:llso be associated with bulging of the cervical 
oesophagus following fceding (G ruffydd-J ones er 
al. , 1979). 

Clln/CII signs 
The clinical signs art similar to those scen with all 
othtr oesophag~al probl~n\S. The on5Ct o f signs is 
usually slow with liquids being toltr:tted beucr 
th:1n solids. Other clinical 5igns usociated with 
the m:1SS may also be apparent. 

Diagnosis 
Survty radiographs usually demonstrate the pres
ence of a mus with contrast sludies determining 
the site and extent o f the obstruction. Ultrasound
guided biopsies can be helpful in making a diag
nosis but in somt casts a tho racotomy is required 
in o rder to obuin suitable biopsy maleri:ll. 

r",tmfnt 
Treatment is highly dtptndtnt o n the C:tuse of the 
mus. In many Cas.t5, tht mu5CS have become 
largt before signs of oesophagc:tl obstruction are 
apparent and htnct the prognosis i.ll o ften poor . 

• Desophag.al dl •• ,tlcull 

Oesophageal diverticuli arc rarely diagnosro in 
dogs and cats :lnd may be congenital o r acquir«i 

a 
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(Pearson ct III., 1978b). The di\'erticulum is usu
ally located at either the thoracic inlet o r just cra
nialto the diaphragm (Simpson and Else, 199I a). 

Aellology 

Acquired (pulsion) diverticuli (Fig. 36.9) arc 
tho ught to occur secondary to increased 
oesophageal intraluminal pressure associated with 
food accumul;lIio n and deep oesophageal inflam
malion which lcads to the mucosa and submucosa 
herniating through the muscularis. Foreign bodies 
arc a common predisposing cause (Pearson et aI., 
1978b). Traction diverticuli occur when inflam
mation causes adhesio ns with surrounding tissue. 
As the fibrous tissue contracts, the oesophagus is 
d isto rted 3.nd the diveniculum forms. 

Congenital d iverticuli arc thought 10 arise due 
to weakness in the oesophageal wall or abnormal 
separation of the oesophagus and trachea during 
embryological development. 

ClinIcal signs 

Regurgitation, oft en unassociated with feeding, 
retching, gagging. and slow weight gain :m: com
monly observed. Impactio n of the divcniculum 
with food may lead to secondary infcction and 
oesophagitis resulting in pain on eating and 
pyrexia. Ulceration and perforation of the diver
ticulum may result in mediastinitis. 

Diagnosis 

Diagnosis relics on radiography including 
contrast studies and/ o r endoscopy. Unlike 

Fillure 36.9 Oesophageal diYfrticulum (arrows) and 
chronic bronchitis in an 8·year-old. male. German 
shepherd dOO with a three-year history 01 regurgitation. 
vomiting and pyrexia. 

oesophageal dilation. oesophageal di" erticuli tend 
to be pouch like in appearance with a narrow 
opening imo the normal oesophagus. 

Management 

Small di verticuli can be managed co nservatively 
with 3. bland d iet. Larger structures require surgi
c3.1 resection. which as with other oesophageal 
surgery carries a guarded prognosis. 

• Oesophageal neoplasia 

Primary and metas tatic neoplasia affecting the 
oeso phagus is rare in cats and dogs. Metastatic 
tumours are more common and include bronchial 
carcinoma, thy mic lymphoma, thyroid carcinoma 
and mammary carcinoma (Ridgeway and SUler, 
1979). Squamous cell carcinomas arc the most 
common primary rumours bUi neuroendocrine 
C3rci noma (Patnaik N al., 1990), leiomyomas. 
OSteOS3rcoma and undifferentiated sarcomas and 
c:trci nomas are described . Fibrosarcomas sec
ondary to SpirO(~r(11 lupi (Fox e{ aI. , 1988) are 
seen in the USA and Africa. 

Clinical ffndlngs 

Initially few clinical signs :tre evidclll but as the 
mass grows it interferes with ocsophageal func
tio n producing similar clinical signs to those seen 
with oesophageal stricture o r obstruction. 

DIagnosIs 

Radiographs will frequentl y detect the presence 
of a mass but confirmation relies o n obt:tining 
biopsy material which is most easily achieved 
during endoscopy. 

Man, gement 

Su rgical resection o f benign rumours is possible. 
Malignam lumours carry a poor prognosis as few 
arc likely to be responsive to chemOlherapy. 
R:td iation therapy is possible but there arc associ
ated risks of radiation-ind uced ocsophagitis. In 
some C3ses palliatio n can be achieved with 
bougien:tge but needs to be performed with great 
care as the oesophagus can rupture easily . 

• Oesophageal motlilly abnormalities 

O esophageal mOlility abnonnali ties c:ln occur 
without mt-gaocsophagus. In many cases this is 
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subclinic21, p2nicularly in Shu peis. Bouviers can 
develop abnormal motility secondary to muscular 
dystrophy. C linical signs arc similar to, but less 
severe than, those of megaoesophagus. uting may 
be painful due to oesophageal spasm associated 
with the passage of a food bolus and aspiration 
pneumonia may occur. The pathogenesis of these 
mobility abnormalities is unclear but it is thought 
they may rcprcscnt an early stage of disease prior to 
the development of megaoesophagus. Dysperi-
5ul5i5 can also occur secondary to oesophagitis and 
mediastinitis (Eastwood ct aI., 1975). 

Diagnosis is made fluoroscopica ll y where coor
dinated oesophageal peristalsis is replaced by ran
dom contractions. T reatment is similar to that fo r 
megaocsophagus with cisapride appearing to be a 
promising therapy. 

• O ... phag.allisiula. 

Fistulae between the oesophagus and the airways 
arc occasionally rcportcd in dogs. Broncho
oesophageal fistu lae (right caudal bronchus) arc 

C. PaJ&06,ophsglal tNlaI hemia 
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most common usually developing secondary to a 
foreign body. Congenital fistulae have been 
reported and Cairn terriers may be predisposed 
(Basher t:r al., 1991). 

C linical signs include regurgitation and 
dysphagia. Coughing associated with eating and 
drinking is frequently seen together with signs 
associated with aspiration pneumonia. 

Diagnosis is based on thoracic radiography 
where localized lung pathology associated with an 
oesophageal foreign body is common. Contrast 
studies should be undert2ken with (:lre due to the 
communication with the airways and fal se nega
tive studies occur. Bronchoscopy and endoscopy 
do not always identify the fi stulous tract. 

Treatment is surgical with lobectomy often being 
required. The prognosis, providing the animal sur
vives the immediate postoperative period, is good . 

• Hlalal h.rnla 

Although rare, both hiatal hernias and gastrO
oesophageal intussusception have been reported 

Filiure 36.10 Classification 01 hiatal 
disease (Modilied Irom Williams. 1990). 
GES, gaslro-oesophageal sphincter. 
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in dogs and cats and can be intermittent o r 
persistent (Fig. 36.10). Congenital defects in the 
diaphragmatic hiatus (Gaskell et ai., 1974), laryn
geal stridor (Burnie er ai., 1989) and an incompe
tent lo wer oesophageal sphincter (van Sluijs and 
Happe, 1985) have been implicated. The condi
tions appear more common in large breed dogs, 
Shu pcis and animals less than aile year old 
(Ellison el ai. , 1987). 

P:lr3o..-sophagcal hiatal hernias (Fig. 36.10) :Ior..
rar...!y reponed in dogs and have not been 
r..-poned in cau. Because lower oesophag..-a1 pr..-s
sure is unaffect..-d they arc frequently subclinical. 

Clinical "ndlngs 

Intermittent regu rgi tatio n. pain o n eating and 
occasionally haematemesis arc Illost commonly 
repo n..-d (Simpson and Else, 1991a). Occasionally 
r..-spi ratory distress may occur ..-spttially with 
coexisting laryngeal paralysis. Many cases, in 
dogs, h:l.Ve seeond:lory oesophageal dilation and . . . 
aspIration pneumoma. 

Diagnosis 

Fluoroscopic examination of the oesophagus 
and cardia provides a more dfectiv..- method o f 
diagnosis than standard contrast radiographs. 
H owever, the diagnosis o f an intermin..-m condi
lio n can be particularly difficult. 

Trealm,nl 

Surgical treatments used ha\'e included fundopex}', 
gastrop..-x:y and repair o f the oesophag..-al hiatus. If 
und..-r1ying laryngeal/ soft patlle dis..-a.s..- is present 
then this should be corr«:ted fi rst. Symptomatic 
medical management of the rdlux o..-sophagitis 
that occurs should also be undertaken. 

I GASTRIC DISEASE 

• Gastric anatomy and physiology 

The stomach has four major fun ctio ns: 

I. Temporary sto rag..- o f food; 
2. Digestion (by secretion o f acid and enzymes); 
3. Mixing and grinding of ingesta; 
4. Controlling the rate of entry of ingesta to the 

small intestines. 

Gross analomy 

The stomach is divided into five regio ns (Fig. 
36.11) but fun ctio nally the proximal pan Stores 

food and secretes digesri\'e juices whereas the dis
tal part regulates the release of hydrochlo ric acid 
and grinds food . The flow of ingesta from the 
stomach to the duodenum is contro lled by the 
pylorus and antru m. Th..- stomach lies to the I..-ft 
of the mid~[ine and is fixed at the gastro
oesophageal sphincter, :ts it p:tsses through th..
diaphragm, and the hepatogastric and hepatoduo
denalligaments of the lesser omentum which ar..
.1ttached 10 the pylorus. Movement o f the pylorus 
is further restricted by the mesoduodenum and 
bile duct. 

The wall o f the stomach consists of serosal, 
muscular, sub mucosal and mucosal layers. The 
submucosa and mucos.:!. art." thrown into folds, th..
gastric plicae or rugae, which run parallel to the 
greater curvature. 

Although the pylorus is considered a distinct 
ar..-a due to the increas..- in muscl..- mass, muscle 
fibres are continuous with the antrum. The 
pylorus of the CAt is unique in that it is narrow and 
has a constant high resistance even when the 
pyloric muscle is paralysed. 

Vascular supply is via the coeliac trunk where 
the hepatic and splenic: aneries give rise 10 th..- Ieft 

I """' .. 
Oesophllgl.l$ 

i Cardia 

Greater 

"""~ 
Figure 36 ,11 Gross anatomy of the stomach. 
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and right gastroepiploic :aneries :and left :and right 
gastric arteries running along the greater and 
lesser curv:atures. Venous dnin:age is vi:a the 
g2Strosplenic :and gastroduoden:al veins which 
fl ow into the porul eircul:acion. 

Innervation is supplied by the v:agus nerve 
whieh cont:ains sensory :and p:arasymp:athetic 
fib res :and is involved in contractility and secre· 
tory :activities. The sp1:anchnic nerve cont:ains 
predominantly sympathetic, mOtor fib res which 
regulate gastric blood now :and modu1:ate g:astric 
motiliry and bicarbon;lte secretion. The sensory 
fi bres present in the sp1:anchnic nerve:are involved 
in the tr:ansmission of viscer:al p:ain. 

Microscopic anatomy .nd the gllst,/c muco$1I1 
barrier 

The stomach is lined with ;l single layer of epithe
lial cells which inv:aginates to form g:astric pits 
cont:aining mucus.secreting cells (Fig. 36.12). 
Gastric glands also cont:ain speci:alized secretory 
cells. In the proximal Slomach these cells consist 
of oxyntic (parietal), chief and endocrine cells. In 
the dis tal stomach the gl:ands contai n primarily 
endocrine cells which secrete biogenic amines, e.g. 
serotonin, and peptide honnones. e.g. gastrin. 
Oxyntic cells :arc responsible for secretion of 
hydrochloric acid whereas chief cells produce 

Isthmus 
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pepsinogen. The gastric mucosa has to protect the 
stomach from damage by abrasive foods. proteo· 
lytic enzymes, low pH, foreign bodies, drugs :and 
toxins. Rapid turnover of the g:as tric mucos:a is 
therefore essential. Mucus is continually being 
produced acting u a barrier berween the hostile 
luminal environment and the epithelial cells. 
H ydrophobic phospholipid membr:anes and 
cytoplasmic bicarbonate provide the epitheli;ll 
cells with some innate resist2I1ce. Epithelial cells 
possess the abiliry to alter their shape :and can 
slide ;llong the basement membrane rapidly to 
dose small mucosal deficits. 

Prostaglandins in the gastric mucosa play an 
import:ant cytoprotective role, inhibiting gUlric 
acid production, stimu1:ating bicarbonate secre· 
tion and incre:asing mucosal blood now. 

Gastric :arterioles pick up bicarbonate, a by· 
product of hydrogen ion production, :as they pass 
the gastric pits. The bicarbonate is carried to the 
mucosa :and submucosa where it c:an r:apidly 
remove free hydrogen ions from ulcer-ued :are:as. 

• MDtillty 

The fundus of the stomach :acts as a reservoir 
relaxing initiall y in response to swallowing. 

Fillure 36.12 Diagram 01 a proximal gastric 
gland showinll the layers forming the mucosal 
barrier. 

Parietal cells 

Basal 
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FUriher relaxation occurs due to pressure caused 
by the fundus fill ing with food (receptive relax
ation). Fundic activity is controlled by the vagus 
nerve and the neurotnnsmiuer v.asoactive intesti
nal peptide (VI P) and nitric oxide. Fundic .acti\' iIY 
is impott2nt in regulating the gastric emptying 
rate of fluids. The distal stomach and in panicular 
the pylorus and antrum arc invo lved in mixing 
and grinding food and thereby contro l gastric 
emptying o f solids (Winans, 1976). 

Gastric motility occurs in the absence of inner
vation. An electrically active area o f muscle, ' the 
pacemaker', is located alo ng the greater curvature 
of the stom.ach which provides the basic electrical 
rhythm. Superimposed o n this background arc 
spikes of activity which, when they coincide with 
a pacemaker peak, initiate muscular contraction. 
Rates of co ntraction arc increased by vagal activity, 
gastrin and cholecysto kinin (CC K) and decreased 
by sympathetic actIVIty, secretin, glucagon, 
somatostatin. VIP and gastrointestinal inhibitory 
peptide. Distension of the stom3ch results in relax
ation of the gastro-oesophage31 sphincter :lOd the 
body of the sto mach, and contraction of the 
pylorus to prevent dumping of stom3ch contents 
into the duodenum. Overdistension of the stom3ch 
with air during endoscopy has a similar effect 
making passage through the pylorus difficult. The 
presence of nutrients and acid in thc upper small 
intestine inhibits gastric emptying as do nutrients 
in the ileum and colon as well as colonic distension. 

Interdigestive motility, housekeeper contrac
tions, occur when the stomach is empty. T hese are 
swe('ping contractions which move any residual 
COnt('ntS of the stomach into the duodenum. 
Intermediate motil ity is seen in the tnnsition 
phase between digestive and interd igestive motil
ity ( ltoh et al., 1977). 

Gastric contents are normally emptied in an 
orderly fashi on with liquids (primarily under 
fundic control) preceding 50lids (H inder, 1983). 
Carbohydrates and pro teins prece:de hts. Fibre is 
retained in th e: stomach until the rem.ainder of the 
nutrients have entered the: duodenum (H inder 
and Kclly, 1977). H igh cdlorie and high viscosity 
diets 3re emptied more slowly than low calorie or 
low \tiscosity diets. The pH , osmolality, fat and 
prot cin content of the chyme entering the: duode
num also affects the: rate of gastric emptying (H all 
r t al., 1988; Sidery et al. , 1994). 

• Gastric secretions 

Gastric secretions have an important role in the 
initi.atio n of protein digestion, absorption of cal-

cium, iron, traee minerals and cobalamin, in the 
sterilization of food, maintenance of the bacterial 
flora and protection of the gastric mucosa. 

Pl1psln 

C leav.age of pepsinogen by hydrochloric acid pro
duces pepsin which degrades proteins by splining 
peptide bonds to produce polypeptides. Pepsin 
itself can 31so catalyse the cleavage of pepsinogen. 
Optimal activity occurs at a pH of 2.0, irreversible: 
inactivation by neutral pH occurring in the duo
denum. The p rimary activity o f pepsin is against 
collagen and therefore its 3etivity is directed 
towards digesuon of meat rather than vegetable 
mauer. It is not, ho wever, an essential pari o f 
digenion. Pepsin also acts to release gastrin and 
CCK. Secretion of pepsinogen is stimulated by 
neural (vagus nerves), hormonal and pancrine 
(histamine, cholinergic agonists, CC K, secretin, 
gastrin and VIP) activity and is inhibited by 
somatostatin, peptide Y and neuro peptide YY 
(Raufman, 1992). The increase in pepsinogen 
secretion following mucosal damage may have an 
important role in the de\·e!opment of gastric 
ulceration. 

Intrinsic factor 

Mucoprotein that binds to cobalamin (B(l) is 
essential fo r its subsequent absorption in the dis
tal small intestine. Humans with gastric atrophy 
have secondary cobalamin deficiencies. 

Mucus 

Mucus, which is a mixture of mucopolysaccha
rides 3nd glycoprotein, forms a protective coati ng 
over the surhce of the stomach (Fig. 36.12). Its 
essential properties of viscosity, adhesiveness and 
gelation are determined by the composition 
which is disrupted at low pH. The pH at the 
mucosal surface of the sto mach is, however, 
neutral but mucus is continually being degraded 
at the luminal surface. Luminal degradation is 
slowed by a surface active phospholipid layer 
(similar to alveolar surfactant) which is 
hydrophobic, repelling aqueous solutions such 
as hydrochloric acid and pepsin (Hills and 
Kirkwood, 1991). Mucus retards the passage of 
macromolecules but permits the movement of 
electrolytes 3nd small mo lecules. It also acts to 
aggregate microorganisms, bind enterotoxins and 
interact with secreted (gA. Mucus production is 
stimulated by cholinergic nerve activity, some 
prostaglandins and gastric inflammation. 
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EIIClrolyt. ,.,,,I/on 
Hydrog~n, chlorid~, sodium, potassium and 
bicarbon ... t~ ions ar~ p~s~nt in gastric s«retions. 
Hydrochloric ... cid is s«reted from the oxyntic 
cells which absorb arbon dioxid~ and produc~ 
hydrog~n ions and bicarbon ... t~. This ~nc:rgy· 
d~pcnd~nt p rocess is c ... t ... lysed by carbonic ... nhy· 
drue. Th~ bicarbon ... t~ produced is returned to the 
plasma and constitutes th~ postprandi ... 1 ·...Jk...Jin~ 
tide'. Chlorid~ is ... ctively transported from the 
plasm ... via the oxyntic c~lIto the gastric lumen. 
Th~ potassium concentratio n in gastric s«r~· 

tions is 1~20 mmol I· ' (2- 5 times the plasma 
conc~ntr.ttion). This is primarily d~rived from 
oxyntic cellular potassium. Th~ sodium found in 
gastric s«retion is derived from the mucosal sur· 
face cells and the passive s«retion of intersti tial 
fl uid. 

The surface mucosal cells secrete bicarbonate 
into the mucus layer, with the Tate of secretion 
being related to the rate of acid production. 
Prostaglandins, c ... lciuffi, CCK, gastrin, peptide 
hormones and cholinergic agents stimul ... u: bicar
bonate s«r~lion wh~reas non-st~roidal anti
inflammatory drugs (NSAIDs) inhibit this 
process. 

R.,ul.tlon of . cld ",,,tlon 
Acid secretion is regulated by an integr.lled mech
anism involving n~urotr:lOsmittcrs, pcptide hor· 
mones and paraerine activity. The cHeelS of thesc 
substances arc mediated by the release of 
histamine, possibly from cnterochromaffin cells, 
whi<ih actS via Hz r«eptors on the oxyntic cells. 
Gastrin and acetylcho line are also important 
mediators of acid production. Selectively block
ing anyone of the thre~ rec~ptors markedly 
reduces the secretory response. Acetylcholine 
r«~ptors ar~ of the M) muscarinic type which can 
be blocked by atropine. Gastrin appears to act 
by stimulating the release of histamine from 
enterochromaffin cells. CCK is a competitive 
inhibi tor of gastrin at its r«eptor site. Acid s«re
tion by the oxyntic cell is mediated via cAM P and 
prot~in kinases which act to increase the activity 
of an ATPase at the lumin ... 1 border which s«retes 
hydrogen ions. It is this ATPase which is blocked 
by p roton pump inhibitors such as omeprazole. 

Acid secretion is down·regulated by s«retin, 
CCK, prostaglandins (produced by CNS and 
loca1 m«hanisms) and dopamine. Acid s«r~tion 
is increased by dopaminergic antagonists such as 
metoc lopramid~. Background acid s«retion, in 
dogs, is approximately 1 % of maximal capacity. 
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Feeding stimulates acid production in thr~e 
separate ph:ucs. The crpba/ic phas~, initiated by 
the anticipation of feeding and hypoglycaemia is 
followed by th~ gastric phas~ which is the most 
imponam d~t~rminant of acid production. 
Rcle;asc of gastrin by m«hanic..11 distensio n of 
the ::tntrum causes acid productio n. Finally, the 
inrcstifUll phase, leads to acid secretion and is 
mediated by food in the small intestines. Acid, fat 
and hypcrosmolar solutions in the small intestine 
inhibit acid sttretion (Debu, 1987). 

• Acute uastrltls 

Acute gastritis is commonly seem in cats and dogs 
and is usually manifest by ... sudden onset of 
... norexia ... nd vomiting. It is importanlto differen
tiate acute gastritis from other caUSeS of non
gastric vomiting (fable 36.15, Fig. 36.13). The 
difference between acute and chronic gastri tis is 
related to the duration of vomiting. 

Vomiting that occurs immediately after the 
consumption of food or water is associated with 
loss of receptive relaxation and therefore an 
increase in intragastric pr~ssure . Vomiting of 
undigested food many hours after ingestio n is 
associated with inflammation and subsequent 
gastric atony. Inflammation can also dir«tly 
stimulate the \'omiting centre rr able 36.16). 

blio/OIY 

Acute gastritis occurs as a result of loss of the 
integrity of the gastric mucosal barrier resu lting in 
increased pcrme.1bility, erosions and in some u ses 
ulceration of the mucoS;!, (Burrows, 1986a). Once 
the mucosal barrier is breached pepsin and gastric 
acid provok~ funhe r infl ... mmation and damage 
establishing ... vicious cycle. Histamine rcleased 
from mast cells in the submucou nuses vasodila
tion and stimulates addition:!.1 ... cid production 

l l bl' 31.15 Some noo-gaslric conditions that may be 
associated with !rue vomiting In dogs and cats 

• Intesllnal obstructlon 
• Acute pantleatlllS 
• Hep.atJtlslhepatic: lailure 
• Renal b.lltJre 
• Peritollllis 
• ColitIS 
• Constipation 
• Toxaemia 

• Pyometra 
• Diabetes meltl1US 
• HypoadrenDCOl1iC1sm 
• Vll:StibUlar dlse~se 
• CHS Itsions 

Tumours 
T~""" 
In",mmallon 
Hydrocephalus 

10 ad 
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l . bl.38.16 AetiolOgy of acute gastritis 

Prlm.ry IIlSlrllis 

Dietary Indiscretion I senSitIVity 
Rlrelgn bodies 

Secondary lIaslrllls 

Poisons, e.g. thallium. ethylene glyc1ll, hea~ metals, tlerbitides 
(orrpnophosphateslchlorides) 

Renallallure (uraemic gastritis) 
Inlectlous disease and sepsis 
HypoadrenocortJciSm 
'Stress' and trauma 

Drugs especially NSAIDs, glococorticOids 
Toxic plants 
Bacterial and fungal toxins 
Bacteria, e.g, Salmonelld 

eNS leSions 
Acute and chronic liver disease 
Vascular compromise 
Disseminated intravascular coagulalJon 

Viruses, e.g parvovlrus. coronavirus, distemper virus, rotavirus 
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Figure 36.13 Pathophysiology of vomiting . 
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(Dunn, 1989). CeHular infiltration of the mucosa 
m;lY occur which increases disruption of mucosal 
function and dttreascs the ability to hul. The pain 
associated with gUlntis is thought to bcduc 10 gas
tric muscular spasm duc to the back-diffusion of 
hydrochloric acid (Burrows, 1986a). Extr3vasation 
of plasma into the gastric lumen occurs via the 
intercdlular junctions or through denuded areas of 
epithelium leading loa protein-losing gastropathy. 

Gastritis can result from a wide variety of causes 
(fable 36.16). Due to its acidity, few bacteria arc 
able to survive in the stomach with the exception of 
spiral bacteria such as Helicobacterspp. Established 
gastritis auses a rise in g3StriC pH towards neUlmi 
due [0 back-diffusion of acid. At more nculnl pH 
bacterial colonization can occur thus ~xac~rbating 
th~ gastriti.s. Entcrotoxins from contaminated food 
can caus~ acute gastritis more commonly in dogs 
due to their fceding habits. Toxins produced by 
staphylococci, Cloftridium pt'rfringt'nl, E. coli and 
Klebsit'liA spp. have been implicated. 

The mucosal surface can be damaged physically 
by foreign bodies, which can also stimulate excess 
acid production by distending the antrum and 
obstructing the pyloric outflow causing retention 
of gastric cont~nts and gastritis. Excessive heat 
and radiation-induced injury as well as a wide 
variety of chemicals and plants have been associ
ated with gastritis in dogs and cats (Guilford :md 
Strombeck,I996). 

NSAIDs 
Dogs and cats are particularly sensitive 10 NSAIDs 
which have a number of :tdverse effects on the G IT 
including mucosal ulc~ration, perforation and 
haemorrhage. Cats have low levels of glucuronyl 
transferase in the liver leading to a prolonged half
life of NSAIDs such as aspi rin. There also appC:trs 
to be breed differences in NSAID half-lives. In 
dogs lesions are most common in the antrum and 
pylorus but can occur anywhere in the GIT. 
NSAIDs damage the mucosal surface in a variety 
of ways including: direct toxicity to epithelial cells, 
increased back-diffusion of acids, decreased syn
thesis of cytoprotective prostaglandins, bicarbon
ate and mucus, reduced mucosal blood flow and 
microvascular injury. 

The adverse effects of NSAIDs can be reduced 
by giving them with food, using buffered 
products or the concurrent administration of 
misoprostol (1-3 ..-g kg-I p.o. tid-qid). 

Sttandlry glStrttis 
A wide variety of systemic disorders or dysfunc
tion of other parts of the G IT can cause gastritis 
(fable 36.15). 
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1. Hyperacidity disorders secondary to gastrin 
secreting tumours (amine precursor uptake .;and 
decarboxylation (APUD) tumours) e.g. gami
nomas, insuiinomas, phaeochromocytomas, 
mast cell tumours releasing histamine or head .. . 
m,urles. 

2. Decreased gastric mucosal blood flow in hypo< 
volaemic shock, ponal hypertension or dis
semin:tted intravascular co:tgulation. 

3. Erosions and ulcers second:try to severe sys
temic disease causing reduced mucosal blood 
flow, reduced mucus 2nd prostaglandin secre
tion :tnd increased gastric acid s«retioo. 

4. Renal disease causes gastric erosions and ulcer
ation primarily by decreased mucosal blood 
flow C:lused by diffuse v:ucular injury, reduced 
renal gastrin metabolism, gastric hypersecre
lion and acidosis. 

5. Hepatic disease can c:tuse gastric lesions by 
reducing blood flow secondary to the forma
tion of thrombi and gastric hypersecretion. It is 
unli kely that hyp~rammoniaemia achieves 
toxic levels. 

6. Gastroduodenal reflux; reflux of bil~ from th~ 
duodenum has been suggested as a cause of 
g:lStritis but this is not well supported experi
mentally (Fonlolliet et ai., 1984 ). 

Clinical findings 

There is a sudden onset of acute vomiting and 
depression. Initially food may be present in the 
vomit but as anorexia develops small amounts 
of bile or blood-stained fluid are produced. 
Palpation of the :tbdomen frequently produces 
cranial abdominal pain and dogs may adopt a 
praying position whereas c:ttS adopt a crouched 
or tucked-up posture. Dehydration and hypo
kala~mia can lead to weakness and collapse. 
Acid-base disturbances occur in approximately 
50% of cases with the majority of animals para
doxically becoming tuidotic. 

Diagnosis 

Most cases of acute vomiting, especially those 
involving dietary indiscretion, are sdf-limiting so 
a definitive diagnosis is not made. However, it is 
important to rule out other causes of :tcute vomit
ing such as pancreatitis, pyloric or intestinal 
obstruction, acute hepatitis, systemic disease or 

• • polsomng. 

TrelJlm,nt 

T rcatmem usually involves symptomatic m:tnage
ment with intravenous fluids, antiemetics and 
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mucosal protection. Once recovery has begun 
dietary management is imponant.1f the gastritis is 
secondary then treatment or management of the 
primary cause is required. 

Intravenous fluids should suppon maintenance 
requirements as well as corrccling pre-existing 
dehydration. An additional 2-4 ml kg-I should be 
given each time the animal vomits to coyer the 
increased Auid loss. Hartmann's solution (Iacuted 
Ringer's) with added potassium (20 mmol I-I of 
fluids for maintenance) is ideal. Once ... omiting is 
controlled oral fluids can be introduced. 

Anlilmilics 
Metocloprluniar (Emequell - pn 7.er) (0.2-
0.5 mg kg-I tid-qid i...... i.m .• s.c. or p.o.; t-
1 mg kg-I day-I as continuous i.v. infusion). 
Metoclopramide's dopaminergie activity is 
responsible for the neurological side effects that 
seem to be more common in cats than dogs. 
Metoclopramide also has a peripheral action 
mediated by 5HT~ and D j receptors accounting 
for its wider spectrum of acti ... ity. Meto
cloprarnide has only a peripheral action in cats as 
central receptors arc lacking. There is evidence to 
suggest that metoclopramide may not be the 
most appropriate antiemetic for the treatment of 
gastritis as it may predispose the patient to gas
tric and duodenal mucosal ulceration. 

Cisapriar (Prepulsid - Jansen) (0.1--0.5 mg kg-I 
tid-qid in dogs; 2.5 mg carl bid) has a similar 
peripheral :l.clion [Q metoclopramide without the 
central effects and may be panicularly useful in 
cats which cannot tolerate metodopramide but it 
is only available in tablet form. 

Chlorpromazine (Largacti l - May & Baker) 
(0.5 mg klfl sid-tid) 
Procblorpromazinf' (Stemetil - Rhone-Pou lenc 
Rorer) (gastritis 0.1 mg kg-I tid-qid i.m.) These 
are broad spectrum (L1 adrenergic antagonislS 
which prevent ... omiting associated with stimula
tion of the chemoreceptor trigger 7.one at low 
doses and the vomiting centre at higher doses. 
They arc associated with a number of side effects 
including hypotension and epileplogenesis. 
Prochlorproma7.ine also has the adY:lOtage of 
being available as suppositOries allowing vomiting 
animals to be treated at home. 

Morilin agonisrs These act to increase gastric 
emptying, e.g. erythromycin at a low dose (1-
5 rng kg-I) has been shown to be helpful in 
dogs. 

Onaametroll (Zofnn - Glaxo) (0.15 mg klf1 h· ! 
i.v.) This belongs 10 a new group of SHT) sero
tonergic. antagonist. antiemetic drugs which may 
help to prevent chemotherapy-induced vomiting. 
The), are, howe ... er, expensive and need 10 be 
given by intravenous infusion. They ha ... e little 
depressant effect on the CNS as their effeclS 
appear to be primarily peripheral. They arc partic
ul:trly indicated in the treatment of chemo
ther.l.py-induced vomiting rather than gastritis. 

Antacid, and mucosal prollet.ntt 
Antacids In order to be effective for the treatment 
of gastric ulceration, antacids need to be given 2-1 
hourly and acid rebound may occur if they arc 
given less frequentl y. There is little correlation in 
humans between heali ng fate of ulcers and the 
acid neutralization capability of an anr:tcid. 
Antacids will raise gastric pH without systemic 
effect and will also bind bile acids and inacti ... ate 
pepsin (Moreland, 1988). Sodium bicarbonate, 
magnesium or calcium-based salts and aluminium 
hydroxide have all been used alone and in combi
nation to try and reduce potential adverse effects. 
Magnesium-based compounds increase motility 
where2S aluminium reduces motility and may 
potentially cau$C constipation (Forrester et al. , 
1989). Aluminium may have a cytoprotective role 
by inducing prostaglandin synthesis (Papich, 
1989). Potential ad\'ersc consequences related to 
gi ... ing large quantities of unbalanced ions, partic
ularly magnesium, have to be considered. 

Mucosal prolrdants Kaolin is of limited value in 
acute gastritis as it has no effect on protecting or 
soothing inflamed gastric mucosa. It may. how
e ... er, bind bacterial and other toxins. Colloidal 
bismuth suocitrate (1-3 mg kg-I tid-qid) has valu
able c),toproteclive and demulcent effects and is 
safer than bismuth subsalicylate in cats (due to the 
release of salicylic acid). Long-term use has been 
associated with bismuth loxicity in humans. 
Bismuth causes blackening of the beces and 
should not be mistaken for melaena. 

Sucralfall! This is:l. dis.tccharide complex which is 
dissociated in :tn aeid environment to neg:!tively 
charged sucrose octasul phate and aluminium 
hydroxide that bi nd to the positively charged pro
teins of ulcers and necrotic tissue nve times more 
strongly th:!n to normal mucosa acting as a gastric 
'bandage' (Hardin el ai., 1987). Sucraifate acts to 
stimulate prostaglandin release (increasing local 
blood flow and mucosal repair), increase mucus 
viscosity. increase mucus OutpUt :tnd increase 
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bicarbonate secretion by the gastric mucosa. It will 
a1so absorb bile acids and inactivate pepsin. 
Sucralfate is most effective if given prior 10 feeding. 

t4 InlJgonlsts 
Cimetidine (Tagamet - Smith Kline and French) 
(5--10 mg kg-1 [id-qid, p.o., i.m. or Lv.) This is 
available as tablets. syrup or injection. Cimetidine 
acts [0 inhibit histamine release by blocking the 
Hz receplors. It will also inhibit certain liver 
enzymes affecting drug metabolism especially 
theophylline, warfarin, calcium channel blockers 
and possibly propr:tnolol and lidocaine. 
Cimetidine may also aCI as an immunoslimulant 
and increase luminal bicarbonate and mucus pro
duction. Side effects are rarely app3rent in dogs 
and cats but, in humans, include gynaecomaslia, 
androgen eHccts, reduced parathyroid hormone 
production, fits, lethargy and vomiting. 

RanitiJine (Zantac - G luo) (2 mg kg-1 tid p.o. 
dogs; l.S mg kg-1 bid p.o. cats) This is also a 
potent Hz blocker but has a longer duration of 
activity and less inhibition of drug metabolism. It 
is available as tablets or syrup. 

Famotidine (Pepcid - Morson) (05 mg kg-1 sid
bid p.o. in dogs) This acts on the Hz receptors and 
has the longest duralion of action. 

AU three compounds appear equipotent in terms 
of decrea.sing acid output. 

Omeprazo/e (Losee - Astra) This is a proton 
pump inhibitor which is extremely effective at 
preventing acid secretion. It is not recommended 
(or long-term use due to the profound hyposecre
tion of acid and high gastrin levels thai this causes, 
which can result in hypertrophic changes to the 
gaslnc mucosa. 

Tabla 36.17 Classifications 01 chronic gastritis in dogs and cats 

A.tiologlcal cl.ssltication Hislologlul cl.ssllle.llon 

Eoslnophillc 
Granulomatous 
lymphocyticlplasmacytlC 
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AfisoprOSlol (CytOtec - Searle) This is a synthetic 
prostaglandin E1 derivative which is used in 
humans in the treatment of gastric ulcers follow
ing the usc of NSAlDs. It has also been effe<:tive 
in dogs (Murtaugh et al., 1993) and has been given 
at 1-5 pg kg-1 every 8 h. Unfonunately it is only 
aV3ilable in 200 J.Ig tablets which makes dosing of 
small dogs and C;1U a problem. Its use in non
NSAID-associated ulceration has not been evalu
ated. Side eHecu include diarrhoea and abdominal 
pain (Papieh, 1989). 

Dietary management 
Initially strict dietary rest is required to allow 
restoration of Ihe gastric mucosal barrier. Once 
vomiting has ceased, a low (at (less than 6% on a 
dry matter basis) highly digestible diet should be 
used. The diet should be fed as frequent small 
meals followed by a slow return to the normal 
type and frequency of feeding. 

• Chronic gastritiS 

Chronic vomiting is defined as intermittent or 
persistent vomiting that has failed to respond 10 

symptomatic therapy and has been present fo r 
more than three weeks. It is not uncommon for 
animals with chronic vomiting to have little or no 
gastric muroul changes on biopsy, whereas other 
animals which are nOt vomiting show histological 
evidence of mucosal damage (Twedl and Magne, 
1986). The reason for the disparity between clini
cal3nd histological changes is unclear. 

Chronic gastritis can be classified in a number 
o( ways (fable 36.17). Non-ulcerative gastritis 
is most frequently seen. Ulceration indicates 
advanced disease and is most commonly associ-
3tOO with g3Stric neopb.sia. 

Brt.d .ssocialions 

8aseo~ 
Orentse partrijshond 
Norweolan lundehund 

Allergic 
Drug-assOCIated 
foreign body-Induced 
Parasitic 
Toxic 

Non·specilic. superficial. <l111Use. atrophiC or 
hypertrophIC gastntis 

Uraemic 
(MycotiC) 
? Spiral bacteria-associated 
? Rellux - duodenal 
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Chronic idiopathic gastrll/s 

Aetiology 
This is the most common form of chronic gastritis 
in dogs and cau. Although the actiology is rarely 
determined, it is likely that the gastric mucosa 
is subjected to persistent antigenic insult. 
Histopathological examination of biopsy samples 
reveals a non-ulcerative chronic inflammatory 
process with varying degrees of infiltr.uion by 
lymphocytes and plasma cells. An associated 
lymphocyticlplasmacytic enteritis is present in 
some cases. 

Cllnicalllndings 
Patients frequentl)' have a long history of inter
mittent vomicing, which often responds, tem
porarily, to a variety o f sympto matic ther.lpies. 
Some weight loss may occur but, in gcneral, 
patients are bright, adequately hydrated and in 
reuonable body condition. 

Endoscopic and hlslopalhologlcal changes 
The mucosa of the stomach can appear grossly 
normal or reddened with excessive mucus, 
oedema and sometimes small erosions. Histo
logical chl.nges include patchy, degenerative 
changes of the glands and an inflammatory cell 
infiltrate. With time the su rface epithclium may 
be destroyed and replaced by fibrotic tissue. The 
process can be di\' ided into chron ic superficial 
gastrit is and chronic si mple diffuse gastritis which 
tends to be more extensive and involve the full 
thickness of the mucou. Diffuse gastritis may 
represent a progression of a non-resolving su per
ficial gastritis (van Der Gaag and Happe, 1989). 

AtrophiC gastritis 

Aeliology 
Atrophic gastritis is a rare condition of older dogs 
of unknown aetiology (Burrows, 1986a) associ
ated with 1055 in gastric secretory capacity. In 
humans it can occur with Helicobacter infection 
where it is associated with an increased risk of 
development of gastric neoplasia. 

The condition may represent the end stage of 
chronic gastritis. H owever, it is possible that this 
is an immune-mediated disease as the condition 
can be reproduced experimem<llly by immunizing 
dogs against their own gastric secretions (Twedt 
and Magne, 1986). A lack of acid production may 
develop and predispose the patient to bacterial 
overgrowth (Strombeck N ai., 1981). A failure of 
the negative feedback me<:hanisms results in ele
vated plasma gastrin and gastric ulceration may 
occur. 

Atrophic gastritis can also result from the pro
longed use of powerful inhibitors of gastric acid 
se<:retion, such as o meprazole. 

Clinical findings 
Typically there is a history of chronic vomiting of 
months duration which h<ls failed to respond to 
symptomatic therap)'. The vomiting is nrdy 
associated with feeding and the vomitus may con
rain food , bile or mucus. Blood in the vomitus, 
gastric pain and weight loss are rare. 

Endoscopic and hlslopathological changes 
The gastric mucosa appears thin and discoloured 
with the submucosal blood vessels becoming 
more prominent. The gastric mucus is reduced 
and inflammatory cells are present. The epithe
lium is flattened and metaplaSlic cells arc frequent. 
The gastric pits arc deformed and contain abnor
mal mucus. Following remO\';t\ of the cause most 
of these histological changes will resolve. 

HYPfJrtrophlc gastritis 

H ypenrophic gastritis shows similarities to 
Mcnctrier 's disease in humans (van Der Gaag et 
ai., 1976; Van Kruiningen, 1977) and Cl.n be classi
fied as foca l, polypoid o r diffuse. It is mo re fre
quently seen in older and male dogs. Basenjis and 
boxers are more commonly affected by the diffuse 
form (Burrows, 1986a) whereas toy breeds, espe
cially Lhaso apsos, Shih tzus, miniature poodles 
and Maltese terriers, tend to develop the focal 
fo rm (Bellinger ct aL, 19(0) which gives rise to 
pyloric stenosis. Focal disease involving the 
fundus is also recorded in the dog (Kipnis, 1978). 
H ypertrophic gastritis has been rarely reported in 
the cat (Dennis l't al.. 1987). A \'ariery of potential 
aetiologies have been suggested including 
immune-mediated diseue (Twedt and Magne, 
1986), systemic m:tstocytosis with histamine 
release :tnd hypergastrinaemia (Dunn, 1989), par
asitic and toxic conditions (Van Kruiningen. 1977) 
and secondary to renal tubular disease and gastrin 
retention in Basenjis (Twedt and Magne, 1986). 

Cllnlc:al findings 
Diffuse weight loss, di:urhoe<l, anaemia and 
intermittent vomiting are common. Anorexia, 
melaena, po lydipsia, haematemesis, abdominal 
pain and depression h:tve also been reponed 
(Clark, 1985; Bellinger et al., 1990; Sikes et al., 
1986). Gaseous distension of the stomach and 
intestines is often associated with the diffuse form 
(Van Kruiningen, 1977) whereas persistent vomit
ing secondary to pyloric obstruction is a feature 
of the focal form. 
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Endoscopic Ind hllloplUlologl~1 chl nglS 
Diffuse or foc:l.! mucou! thickening is secn. Focal 
lesions can appear polypoid or:l.S discrete areas of 
mucosal hypertrophy. Gutnc ulcer.ttion c:l.n 
:t.lso be present. Histologically, hypertrophy and 
metapluia of the mucosa and epithelium is seen 
with increued mucus-fanning cells and mucus 
cysu. Variable amounu of nbrosil and inn ;l;mma
tory cetl infiltflltion accomp;my the hypenro phic 
changes. 

ElJ$inophlllc g.strilis 

Aetiology 
Eosinophilic infi lt rates of the stom;l;ch ue rare 
and ean be focal o r diffuse (fwedt and Magne, 
1986). Although the ;l;etiology is unknown, 
immune-mediated disease, food ;l;lIergy or p3.ra
sitism have been postul:ued. Eosinophilic gaStritis 
may fo rm pUt of a generalized eosinophilic 
gastroenteritis (Burrows, 19862) or hyper
eosinophilic syndrome in cats (Hendricks, 1981 ; 
Neer, 1991). 

Cl1nl~J findings 
Chronic vomiting with h;l;em:u emesis, melaena, 
anorc:ltia. depression and weight loss arc com
monly observed. With advanced ulceration cra
nial abdominal pain may be present. Obstruction 
of the pylorus by a ,rocal eosi~~philic granuloma 
c:l.n cause more persiStent vomillng. 

Endoscopic Ind hlllOPl ttlologlcal chl nges 
Grossly, there is rugal hypertrophy and mucosal 
ulceration in the diffuse form. The mucosa 
assumes a gnnular thickened with;l; 'cobblestone' 
;l;ppearance. Focal granulo mas 2re associated with 
necrosis, cedem2 and fibrosis. Hi5tologic:t.lly 
there is a marked eosinophilic infiltrate :l.nd fibro 
sis involving the mucoS:l which m;l;y extend into 
the museu!2ri, ;l;nd serou. Eosinophilic gastritis is 
characterized by schirrhous thickening of the 
gutric w21l resembling neop!:..si2 (Hayden and 
Fleischman, 1977). 

Gflnulom.tDuS/hlstloqllc g.strltls 

Histiocytic gutritis is clinically similar to 
eosinophilic gastritis, and has been usociated 
with amyloidosis (McLeod tl al., 1981 ). 
Histologic:t.lly there is a granulomatous infiltrate 
(macrophages and neutrophils) but significant 
numbers of eosinophils can be present. A number 
of causes h:l.ve been identified including neoplasia. 
parasites, funga l diseases, feline infectious peri
toniw and foreign maten2l (V2n Ocr Gug ~r al., 
1991). 
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Spinlo".nisms 

The ro le of spiral organisms in chronic gutntis 
is still a subject of debate in cats and dogs. 
Undoubtedly, cases of gastritis where they arc the 
only denned aetiology agent, do occur and these 
animals frequently respond to treatment for 
helicobacteriosis. However, Htdicobacur spp. arc 
commOn inhabitants of the stomach in cats and 
dogs (Geyer ~t al., 1993) without any obvious 
associated pathology. This si tu2tion is similar to 
th;l;t encountered in humans. A number of species 
have brcn identifi ed including H. pylori, H. felis , 
and H. heilmanii (former ly Gasrrospiri!lium 
hominis) (Geyer ~t al., 1993). Diagnosis is hued 
on their presence in gutrie biopsies or on their 
ability to split urea (see earlier). 

Parasitic gastritis 

Parasitic infection of the stomach is not consis
tently usociued with clinical d iseue. A number 
of parasites have been described including, 
Ollulanus tncusp;s, Physaloptera spp., Cnatho
stoma spp. in cats, Spirocerca lupj (not in the UK) 
;l;nd AonchOlheca plf/oni Diagnosis is based o n 
the presence of adult worms in the vomit o r their 
eggs/larvae in the faeces . All except Spirocerca arc 
nematodes and can be treated with benzimidazole 
or pyrantcl-bued produclS. 

• Gasl,lc ulc.,allon 

Benign gutric ulceration occurring as a sequel to 
dam2ge to the gutfomucoS:l1 b2rrier (GMB) is 
rel;l;ti\'cly nrc. More commonly ulceration is sec
ondary to anmhcr disease process (fable 36.18). 

Ulceration occurs u a result of external faclOrs 
upsetting the bal;l;nce betw~n normal ;l;cid and 
pepsin secretion and the mucosal protection sys
tem. The most common sites for ulcer formation 
arc the non-acid-producing areas of the stomach, 
i.e. the fundus, incisura angularis, antrum and 
pylorus. The reuon for this is uncleu but it may 
renCCl local vascular hclOtS (Moreland, 1988). 
There is no known age or breed predisposition to 
gutnc ulceration but females arc more commonly 
affected than males. 

NSA IOs arc potent ulcerogenic drugs due to 
theic ability to supprc:ss the synthesis o f cytopro
tective mucos2l prostaglandins via inhibition of 
cyda-oxygenase and arachidonic acid pathways 
(Walbce et al., 1990; Tah;l; and Ruuell, 1993). In 
addition they inhibit mucus secretion :md m2y 
increue pepsin-medi2ted mucolysis and decrease 

" 0 
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TlIII.36.11 causes 01 gastroduodenal ulceratiOn In dogs and cats 

Prim.ry Gil diseJse 

Neoplasia 
GasttlC dliatatlon-volvulus 
Chromc gastntlS 
PyIonc outflow obstrucllon 
EosmophdlC gastnllS 
InftammalOry bowel disease 
ChemICal dilmage 

Guttie hJlleracldl1y 

GastnnolTlilS 
Mast cell luroour.; 
Other APUO turooul1i 

ONg induted 

"SAID 
Corti«lst.roilh: 

Sys1emic diseu. 

OI,semln.l.d Intr.tllCul.r co.gul.tlon 
Renall.lll1r. 
lInr I.llutl 
HJlIO~I .. mlc shod! 
T~""" 
Acute pancreatitIS 
HypoadrenocortlClsm 
NeurOlogICill Chsease 
Cyclic haemat090lesls 
Trauma 

The most common ~uses are in bold 1)111. mo. amine precursor uptm! mil detlrboxybtion. 

mucus viscosity (Rees r l al., 1983). Loss of the 
mucus barrier plays an impoflanl fo le in the :tbil· 
ilY of hydrogen ions to penetf:tte and damage the 
GM B. Conicosteroids appe;tr to c:tuse ulcer:ttion 
in a si milar manner (Mo reland, 1988; Twedt, 
1983). G re.lI e:tre must be t:tken when :td minister· 
ing both classes of drug :1.1 the u me time :t5 the 
risk o f g:t5tric ulceralio n developing is very high. 
Prophylactic mucos:tl prottttion should bt insti 
tUI«i. 

The role of H cfirobacur spp. in c:tnine and 
feline g:t5lric ulcer:lIion is not known. In hum;p,ns 
they hal'e ~n shown 10 act ively digest Ihe GMB, 
in panicular the su rf:tce acti\'e b yer, which resulls 
in the mucus becoming less hydrophobic thereby 
incre.uing the r.lIe o f luminal degr:tdat ion (H ills. 
1993). 

Hypol'ol:temic, seplic or toxic shock can lelld 
to gastric ulcer.ll ion Uohnson and Willard, 1990). 
Ulcers also occu r secondllry to mroical o r surgical 
manllgcmenl o f spin:tl injuries which is thoughlto 
relate to disruption of the sympathelic/p~rllSym
pathetic dri ve leading to decreas«i bloodJlow and 
incre.ued acid and pepsin production: The fre
quent use of glucocorticoids :tnd/or NSA IDs in 
this conditio n further exaccrbat es the problems. 
Ulccratio n is reported in 2% of d ogs with intrll
vcrtebral disc lesio ns (Moore and Wilhrow. 1982). 

C hronic liver dise:tse especilllly cirrhosis may 
IC;J.d to gastric and duoden;J.1 ulceration. Thc pre
cise mechanism by which this oceurs is uncle:tr 
(fwcdt, 1985; Johnso n and Willard. 1990) but 
m:t)' invo l\'e; 

I. Failurc of the liver to rcmo\'c histamine and 
g.utrin from Ihe circulation; 

1. F:tilure to deu bilc acids which stimulates 
g:ts trin rclc:tSe: 

3. Po rt:tl hypen ension reducing mucosal blood 
flow; 

4. H ypoprotein:temi ll and negative nitrogcn 
balance reduci ng cpithclill l celliurnovcr. 

Acute liver dise:lSc associated with OI C will c:tuse 
g.utric mucoul damage sttondary to thrombus 
formation. 

Gutric ulcer:tlion :tnd bleeding can occu r in 
lICUle pancre:t titis u :t result of lin eXlension o f the 
inflamm:ttory proccss and reflux of pancreatic 
enzymes and bilt into the stom:tch. 

C hronic ren:tl dise:tSe and uraemi:t is a well 
recognizro causc of gastric and o n.! ulceration. 
Although the pathogenesis is undeu, loc:ll irrita
tion of the mucosal surf:tces by lImmonill and 
urea, vasculitis lind interference with the GMB lIrt 
thought to be involvro. O ther factors may include 
reduced gllStrin cleullnce, incre;p,sro hist:tmine 
release :tnd :tn :therro calcium:phosphorus ratio 
(Breitschwerdt rt al., 1986; Morelllnd, 1988; 
Johnson and Willard, 1990). CalcifiC:tt io n of the 
rugal fo lds in chronic ren:tl disc.uc will :tlso prt· 
dispose to u!cer:tlion. 

Mast cell tumours can occur lInywhere along 
the GIT lind mlly infi ltrate the liver and spletn 
(f ams lind MlIcy, 198 1). They are :tlso prevalent in 
many non-aliment:try 5ites especially the skin. 
Dcgr:tnulation leads to hist:tmine release, g:tsuic 
hyperacid ity and ulccr:ttion. 

GUlr;n is produced by the G cells in the gastric 
:lntrum and duodenum but c:tn also be produced 
by p:tncrc:ttic tissuc APUOom:tS Icading to 
hypcrgastrinllemi:t lind Zollinger- Ellison syn
drome (H lIppc ct al., 1980: Brei tschwerdl Cl al., 
1986). H}'pergutrinaemia leads to guttic :lcid 
production :tnd ch:tnges in tht Gt>.m resulting in 
ulceration. Ci rculating gastrin can be usay«i 
lind is no rm:tlly below 100 J.lS ml-I Uohnson :tnd 
WiUud, 1990). 

Ulcer pain is :t5socialcd with exposure of ner'l'e 
endings 10 gUl rie :teid :tnd to motil ity d iSlur-

grac. 



bances. There :lppears to be :l corrdation between 
the size of the ulcer :lnd the degree of pain. 
Blewing is associ:l ted with acid erosion of super
ficial blood vessels, severe bleeding occurring 
when there is an erial erosion. 

There is a strong correlation betwccn gastric 
ulceration and neoplasia. For this reason all ulcers 
should be bio psiw (Simpson and Else, 199 Ib). 
Biopsies should be obt:lined fro m the ulcer edge 
as samples taken from the centre often contain 
degenerative inflammatory cells and arc associ
ated with an increased risk of perforation. 

ClinlellOndlngs 

Gastric ulceration should be suspected when 
there is haematemesis. Blood may be fresh o r par
tially degraded (coffce grounds) and may also be 
present as melaena in the stool. Po lydipsia, weight 
Joss, salivation, anorexia and gastric pain may also 
be seen. Other GI signs may be present. A lack of 
haematemesis o r melaena docs not rule out gastric 
ulceration. 

OI,gnO$ls of chronic gastritis 

Laboratory findin gs are non-specifi c and include 
leukocytosis, eosinophili:l and anaemia. The 
anaemia is usually regenerative but can be normo
cytic and normochro mic (associ:ued with chronic 
disease) or microcytic and hypochromic (associ
ated with iron deficiency (Huxtable er al., 1982» 
:lnd non-regenerat ive. Anaemia in association 
with G I signs. and in the absence of other causes 
of blood loss, is suggestive o f ulceratio n. 
H ypoproteinaemia, electrolyte and acid/ base 
disturbances are also seen. H ypoproteinaemia is 
thought to be the result of a protein-losing 
gastropathy :tnd will affect both albumin and 
globulin fractions. 

Diagnostic imaging is rarely helpfu1. Double 
contrast gastrography may identify mucosal 
abno rmalities in cases of hypenrophic gastritis. 
ulceration, focal granulomato us lesions associated 
with pyloric obstruction and delayed gastric emp
tying. Ultrasonographic measurement of $lontaeh 
w:tll thickness can be indicative of pathology . 

Diagnosis generally requires endoscopy a.nd 
bio psy or explorato ry cceliotomy and bio psy. 
Acute ulcers tend to be shallow, friable and bleed 
easily. Chro nic ulcers h3ve raised margins and an 
3rea of central fibrosis. Irregularly shaped ulcers 
are indicative of neoplasia. Normal histopathol
ogy in the face o f endoscopic changes may indi
cate disease predominantly a.ffecting the deeper 
layers of the stomach (Clark, 1985; Walter et al., 
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1985). Under these circumstances surgical, full 
thickness biopsies arc required in order to obtain 
a dd1 nitive diagnosis. 

H igh serum gastri n levels associated with a 
rugal hypertrophy in a no n-azotaemic patient. arc 
suggestive of hypergastrinaemia s«ond3ry to a . . 
pancreatic gastnnoma. 

Management and treatment of chronic gastritis 

Where the underlying cause o f the gastri tis is 
determined, this sho uld be specifi call y treated. In 
the majority o f cases no primary cause is e\·ident 
and symptomatic theT3py should be initiated. 
Diet plays a major role in the management of gas
tritis as there is a tendency for g3strie motility to 
be dis turbed resulting in retention of food within 
the sto mach. A highly digestible low fat diet can 
significantly impro\'e gastric emptying and reduce 
\'omiting. In cases of eosinophilic o r atrophic gas
trit is where dietary sensitivity has been implicated 
in the pathogenesis an elimination diet should be 
used. 

Sucralfate or collo idal b ismuth is oft en helpful 
in the treatment of chronic gastritis. Acid inhibi
tion is rarely necessary unless there is evidence of 
mucosal erosion or ulceration. Acid inhibitors are 
contraindicated in cases of atro phic gastritis 
where there is already hypo- o r achlorhydria. 
Their use in cases o f hypenrophic gastritis can be 
of value. 

Antiemetics are rarely necessary in chronic 
gastritis as vomiting is usually low grade and 
interm ittent. Prokinetic drugs (metoclopramide, 
cisapride o r erythromycin) may be helpful wherc 
there is delayed gastric emptying s«ondary to 
hypomotility. Such drugs arc contraindicated 
where the delayed gastric emptying is secondary 
to pyloric obstruction associated with mucosal 
hypenrophy. 

Antibacterial agents are o nly indicated when 
bacterial overgrowth occurs secondary to 
hypo2cidi ty or in the treatment of helicobacterio-

• 
SIS. 

Corticosteroids arc indicated in chronic non
responsive gastritis o r when there is histological 
evidence of a severe inflammatory infiltrate, e.g. 
lymphocytic1plasmacytic o r eosino philic gastri
tis. Prednisolone is given at immunosuppressive 
doses (1- 2 mg kg-I p.o. bid) for one to two weeks 
aher which time the dose is gradually reduced 
over two to three months. In refractory cases. 
azathioprine may be required in addition to 
corticosteroids. 

Surgic:11 resection of focal areas of mucosal 

AvtorSKO zase te 10 gradivo 
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hypertrophy is usually succ~ss{u l. Pyloroplasty 
t cchn iq u~s ar~ ohen required where there is 
evidenc~ of pyloric OUtnOW obstruction (Sikes 
cor al., 1986; Dennis cr al .• 1987). 

Reccntly. emphasis in the [Tcatmem of gastric 
ulcer.uion has changed from the usc of amisccrc4 
tory drugs to wards drugs Ihal promole gUtric 
mucosal htaling and impro\'e gastric prOl«tivt 
mechanisms such as suc~lbte and misoprostol. 
Where possible the underlying caust{s) of th~ 
ulce~tion sho uld bt addressed. 

• Ga.lrlc lorelgn bodle. 

Gastric fo reign bod i~s arc common, particularly 
in dogs (Fig. 36. 101). Many remain asymplOmatic 
for long periods only c:m sing clinical signs when 
the pylo rus becomes obstructed . This usually 
occurs when the imerd igestive 'housekeeper' con4 
tractions Iry to force the fo reign body through Ihc 
pylorus. The m;!. ;ority of foreign bodies cause 
lillie gastric mucosal damage although erosion, 
ulceration ;!.nd even perforation can occur. 
Occuionally gastric fo reign bodi~s arc potemi;!.Uy 
harmfu l d ue to their contents which can be 
liberated by the gastric acidity, t.g. mercury
con!"aining baucries. 

Figure 36.14 Gastric torelgn body (a stone) In a 5-year
old, neutered, male, Boxer dog with a 7-month history 01 
intermittent vomiling and depression 

Clinical signs 

Fo reign bodies can be clinically silent, cause acute 
"omiting or be ;!.ssoci;!.ted with persistenc or i nc~ r4 
miuent \'o miting, Abdomi n;!.1 palpatio n can be 
p;!.inful if thert is pyloric o bstruction. O ther c1in4 
iul signs arc usuall y due to the effects of vomiting 
or mucosal dlmage. 

Diagnosis 

Diagnosis n n normally be made radiographically 
although radiolucem foreig n bod ies may not 
be detected . In these cases conlnSI studies or 
endoscopy is required, 

Treatment 

Gu trolOm)' is requ ired for removal o f large {or
eign bodies. Sm;!. l1er items can be removed endo
scopically with basket fo rceps and needles o r pins 
with gr;!. b forceps, Adequate patient prep;!.r.uion, 
panicularly correction o f dehydr.ation, acid/ bue 
and electrolyte disturbances prior to anaesthesia is 
essellli ;!.!. 

H61rballs In C6ts 

Vomiting of hairballs is common in cats and is a 
conscq ut nee of grooming beh;!.\' iour put icularly 
in long-haired br«ds, Cats lack signifi cant inter
d igestive mo til ity hence th~ hair does not mo\'e on 
from the stomach. H airoall concretio ns (trich04 
bez.oars) which impact the pylo ric oulflow occa
sionally bccom~ c1inic:r. lly signifiClnt, Similar 
mats can bt found in wool4sucking cats. In cases 
wh~re hairballs become;1 cl inical pro blem tht re is 
usu;!. lI y an underlying al imentary d isease which 
needs to be ;!.ddressed to prevent the recurrence o f 
the hairball following surgical removl!. 

• Ga.lrlc neopla.la 

Gastric neoplasia is r:l.re in dogs (ll'Ss than 1% of 
all u nine tumours) and is even less commo n in 
cats. 

Aetiology 

Bo th prim;!.ry ;!.nd secondary neoplasia ;!. (feclS tht 
sto mach, Older dogs (mean age 9 years) (Sullivan 
f'l al .• 1987), males (65% o f cases) and especially 
rough coll ies., sellers and terriers arc most com4 
monly affected, D rcinomasladt nocarcino mas arc 
more commo n in dogs ;!.nd lympho mas in nts 
(Brodey, 1966). Various other ntopl;!.sms have 



Figure 38.15 Mass lesion (7) in the gastric wall caused 
by a leiomyosarcoma in a 100year-old. neutered. lemale. 
English cocker spaniel which presented with a two-week 
history 01 vomiting. 

been recorded including leiomyomas,leiomyosar
comas (Fig. 36.15), carcinoid IUmours (:l. rising 
from the endoc.hrom:l.ffin cells), fi bromas, 
fibrosarcomas, squ1Jt"l0us cell carcinomu , plasma
cytomas and adenomatous polyps. Approxi
muely 30% of canine guttie tumours are benign. 
Malignant tumours usually metu tasize to the 
draining lymph nodes, p:l.nereu :l.nd liver. They 
occur most frequendy :l. long the lesser curvature, 
:l. t the cardi:l. and pylorus. Predisposing factors 
h:l.ve been suggested in the pathogenesis of gutrie 
tumours (fable 36.19). 

Cllnl", flndlnlS 

CaseJ commonly present with signs typical of 
chronic gutritis. As the tumour develops vomit
ing becomes more persistent and weight 1055, 
polydipsia and haematemesis/melaena may occur 
(Sullivan et aL, 1987). Anorexia, ptyalism, depres
sion and am.emi:l. develop with advanced neo
pluia. Sudden death may occur if the neoplasm 
erodes a major blood vessel or associated ulcera
tion leads to gastric rupture. 

, ... • . 11 Potentiil predisposing lactOB asmated with 

"''''' -
Hlhcobacttf SlIP. inl!Ctions 
0.1 

HIgh carbohydrate. low la\. lOw protein dIets 
Dietal)' carClIlogens 

Atrophic gastritIS and gastric hypoacidIty 
ReUux gastritiS 
Gastric polyps 
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DJ"nosls 

Piain r:l.d iographs arc rarely diagnostic and 
ultrasonography is relatively insensitive giving 
both faille positive and f:l. lse negative findings. 
Diagnosis is based on the presence of consistent 
fi ll ing abnorm:l.lilies on contrast, preferably 
double COnlras t, r:l.diognphy. Even with these 
techniques, pl:l.que-like masses can be diffi cul t 
to visualize and a similar picture can be seen in 
non-neoplastic gastric ulceration. 

Diagnosis is bued on histopathological exami 
nation of endoscopic or surgical biopsies. Not all 
gastric tumours invol\'e the mucosal surface 
(e.g. leiomyomu /myosarcomu ) hence a normal 
endoscopic biopsy result doa not n«cssarily pre
clude gastric neoplasia. Gastrinomu may be diag
nosed by measuring basal gastrin levels or gastrin 
levels before and after an intravenous c:tlcium 
glucon:tte challenge tu t. H igh gaslrin levels arc 
:tlso seen in non-neoplastic conditions such as 
renal fai lure (Shaw, 1988). 

Trellmlnt 

Where possible surgical resection is recom
mended. This may req uire complex procedures 
panicul:trly if the tumour involves the pyloric 
region, e.g. gastroduodenostomy or partial gas
trectomy. C hemolher:lpy of gu tric lymphoma in 
cats using st:l.ndard protocols has been reported to 
give remission times of 3-13 months (Couto, 
1984). Treatment with cimetid ine improves sur
vival time in humans with gastric neoplasia and 
may be of value in cau and dogs. 

• Gastric motility disorders 

Gastric motility disorders may occur as a result of 
primary alimentary diseue or m:ty be 5econd:try 
to systemic disordef5 rr able 36.20). Primary motil. 
ity disordef5 in cau arc anecdotal as some (aU with 
chronic vomiting respond 10 prokinctic therapy. 

Clln/,,' sign. 
Patients may vomit large volumes of food long after 
ingestion (usually greater than 12 h post-feeding). 
Food can appear undigested or partially digested 
and may have a faeca l odour which can also be Sttn 
in inlestinal obstruction. Abdominal discomfort 
and p:tlpable gastric distension m:ty also beevident. 
Before vomiting, animals are uncomfortable and 
anorexic, although weight 1055 is not inevitable. 
Melaena or haematemesis may occur. 
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Tlblt 31.20 causes 01 abnonnal gaslrk: motility 

Primlry alimentary disene Systtmlc disorders 

GastroentenllS 
Pilncre.JtlbS 

Electrolyte CllslUrbance - hypoblaemia. tIypO- and hypercalcaemia 

"'"'"" Gastric over·dlstenslon 
GaSIriC dllatiol'l-Yolvulu5 
Chronic gastrll lsJulcer.ltlon 
Inflammatory bo~1 disease 
Gastric neoplaSIa 

Endocnnopalfly - hypoadrel'lOCOrticism, hyper- and possibly ttypolhyroiClism, diabeles 

Primasy gastric IIysmoblity 
Constipation 
Malabsorption 
1 pylOrospasm 

mellitus 
Pain 
Pentonltls 
Stress f lur 
Oysa".".,.," 
L.iv!r 'allure 

"""". PostsurgiCal 
Trauma, aspetIaIly 10 abdomen or CNS 
Drugs. espeaally iltropine. narcotics, e.g pethidine. clenbuterol 

Ol,gnosls 

A complete biochemical profile, including elK
trolytes 2nd bile acids, can be helpful in ruling out 
s),stemic dist'ues. Cortisol and thyroid homlOne 
concentr.ltions 2nd ACfH. and TSHrrRH 5limu
];uion tcsts should be performro where appropri-
2te. The blood sample frequently appears lipaemic 
due to gutric retention of food despite starv:ltion. 

Pb.in r2diogf2phs arc often suggestive of gutric 
retention as large quantities of food arc present 
following an appropriate period of stan 'alion. 
Barium me:tl or BIPS studies can also be used 10 

demonslr.tte delayed emptying. However, nei ther 
of the procedures is p:micul2rly valuable in iden
tifying the :letiology. Barium should be a\'oided if 
subsequent endoscopy is planned. 

Ultimately. diagnosis is b:lSt"d on endoscopy or 
eocliotomy 2nd biopsy. Ultrasonogn.phy is of 
some value in u sessing gastric wall thickness and 
in the diagnosis of neoplastic disease. It is. how
ever, m051 useful in the diagnosis of rancre2tic 
lesions. Cocliotomy is the technique 0 choice as 
it allows full thickness biopsies 10 be obtained. 
examination of the gastric muscle and pancreas 
and, where appropriate, surgical correction or 
placement of a jejunostomy tube. 

M,n,g,m,nt 

Wherever possible attempts should be made to 
defi ne the primary cause. If this is not possible or 
there appears to be primary motility disorder then 
symptomatic therapy is indicated. 

Diet 
Feeding small , frequent. low f:1I meals wil1 stimu
late gastric emptying. Liquidizing the food may 
also be helpful. 

ProklneUe drugs 
These drugs arc contraindicated if there is gastric 
outflow obstruction which can also prescnl with 
signs of dc:layro gUtric emptying with .secondary 
d),smotili ty due to chronic gastric distension. 
C isapride and mctoclopn.mide act to increase the 
amplitude of anl t:ll eontn.ctions, inhibit relaxation 
of the fundus and coordinate gastric, pyloric and 
duodenal mOlil ity 211 of which lead to accelet:lted 
emptying (Hall f! t ai. , 1990). There 2re some indica
tions that cisapride may be more effective. 

Erythromycin :lCtS as 2 motilin agonist at low 
doses and also has a dir« t action on cholinergic 
neurones. Motilin acts to stimulate smooth 
muscle 2etivity. A postprandi.1l dose of 5 mg kg-I 
has been ust'd in dogs. 

R,pld glStric ,mplying 

Rapid cmptying is usua.lly a. result of surgical 
intervention aHKti ng the pylorus but has been 
recorded in dogs with myenteric ganglionitis and 
may well occur in hypenhyroid cats which have 
decreased orocaecal transit times (Papasouliotis 
('( al., 1993b). Frequent feeding of small meals 
with high leyels of soluble fib re to reduce gastric 
dumping is recommended. 

• Gastric outflow obstruction 

There arc a number of causes of gastric outflow 
obstruction (fable 36.21 ). The c1inic2l signs of 
gutric outflow obstruction arc si milar to gastric 
motility disorders, i.e. food fai ls to proceed into 
the small intestine resulting in delayed vomiting. 
Anorexi:t and weight loss arc .1lso commonly seen, 
l'rojKtile vomiting is not pathognomonic for 
pyloric obstruction. 

AVT)( ) Z >vo 



T .... 31.21 causes 01 gastric outflow obstIUction 

Pyloric Slenasis (chronic hypertrophic pylOric oastropattry) 
Pyloric dySfunction 
Obsttucllon secondvy to lOreign bodies 

gastric_ 
..", 

PyloriC fibrosis 
11 pylOrospasm 

pancreatlc neoplasia 

Pylorospasm I~~ding to outflow Obstruction is 
described in toy breWs ~nd p~rticul~rly in 
exciubl~ or n~rvous ~nim~ls (Burrows, 1986a; 
Dunn, 1989). How~v~r, th~ ~xiSI~nc~ of 
pylorospum as ~n ~ntil'y has be~n recemly qu~s
tioned sinc~ gastric ~mptying is a r~sult of coordi
nated mov~m~nt of the :mtrum, pylorus and 
duod~num thus 'py !orosp~sm' probably repre
sents a motility disorder affecting seven! arus of 
the G IT kIding 10 delayed ga.uric emptying and 
should be treated as d~scribcd above. 

Congenital pyloric st~nosis, seen in puppies and 
kittens postw~:ming (Pe;ltSon tt al., 1974; Dunn, 
1989) is described but is unlikely to be a distinct 
entity. Some cases arc a resu!t of mucosal hyp~r
trophy whereas others m:l.y be du~ to inadequat~ 
inn~rvation and fai lure of the pylorus to relax. 

Pyloric obstruction is seen as:l. consequ~nc~ of 
hypertrophy of the antnl mucosa and/or the 
muscularis. Muscul~r hypenrophy is most com
monly s«n in bnchycephalic breeds such as 
boxers and Boston terrien. In adult anim~ls, 
genenlized, multifocal o r focal (polypoid) hyper
lrOphy of the mucosa is more common. Small 
br«ds such as Lhaso apsos, Maltese, Pekinese and 
Shih tz.us arc over-represented as ar~ male dogs 
(Bellinger cr al., 1990). The aetiop:l.Ihogenesis is 
unclear but increased sanrin I ~vels I~ading to 
mucosal hyp~rtrophy hav~ been implicated. 

DI'QnD$l, 

Mass lesions or fo reign bodi~s causing pyloric 
obstruction should be ruled out using :1ppropri:1te 
imaging techniques, endoscopy or cocliotomy. 
Diagnosis is based on the demonstration of hyper
plastic pyloric mucosa or ~ protuberant muscular 
pylo rus making pasng~ of an ~ndoscope into the 
duodenum difficult. Muscul:1r hypertrophy is dif
ficult to ~ppreci~te on endoscopy. Histological 
ch~ng~s range from normal to muconl erosions, 
oedema and cystic o r hyperplastic glandular 
Chang6. An infl:!.mmatory infiltrate may be pr~
sent. The presence of Campylobacur-l ike organ-
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isms associated with hy~rplastic gastritis has been 
described (Leblanc rt al., 1993). 

Trs,tm,nt 
Pyloromyotomy is usually sufficient for mucosal 
hy~rtrophy but more extensive g:astric involve
ment may rcquir~ pyloroplasty techniqu~s. In the 
most extreme cases gastroduodenostomy may be 
neccsnry. Th6e procedur6 can be associated 
with serious postoperativc complic~tions but 
generally the prognosis is good. 

Pyloric dysfunction In C61s 

Pyloric stenosis o r dysfunction is a condition seen 
:l.lmosl exclusively in young Siam~s~ cats (less 
than one-year old) (Pc:arson tt al., 1974). A num
ber of Ihese cases had concurrent megaocso
phagus and/or chronic oesophagilis. Grossly the 
pylorus appears normal and autonomic dysfunc
tion is postulated. Tr~atment invo lv~s pyloric 
su rgery and management of the megaoc50phagus 
and oesophagitis. 

• Gast,lc dilatation and volvutu. 

Gastric dilatation and volvulus (GOV) eov~rs :a 
group of conditions which can involve sastric 
dilata.rion, gutric dilatation and volvulus o r, mor~ 
rarely, chronic gastric volvulus. Gutric diiat'ation, 
usu~lly accompanied by volvulus, is a dnm:l.tic, 
peracute,lif~-threatening condition of dogs. GOV 
is most prevalent in large breed, deep chested dogs 
such as Great O~nes, German Shepherds, S:ainl 
Bern~rds, Irish senen, doberm;1ns, weimennen 
and basset hounds. It has occasionally been 
reported in cats and in smailer br«d dogs with 
dachshunds being over-represented (Burrows, 
1986a). The reported age range is 2 months 10 15 
years (M uir, 1982). 

Gastric dilltlllon 

Gastric dilatation ~Ione is ~ relatively nrc condi
tion which can eventually result in gastric atony 
and penistent gutric distension. AJfeetro dogs 
usually h:ave abdomin~l enlargement and arc 
depressed, uncomfortable, eructating and show 
intermitt~nt, usually ineffectual, vomiting/retch
ing. Patienl5 ~r~ usually haemodynamically stable 
unless they progress to volvulus. 

Cases are managed by induction of emesis 
unless there is evidence of ingestion of caustic or 
sh~rp mat~ri~l. Prophyl~ctjc gutrorexy is advis
able if there is no obvious history 0 gluttony. 
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TIle author and colleagues have uco a few cases 
of repeated, frequem gastric dilatation which 
continues to occur even after g;utro~xy. 
Im'cstigation h;l.s fail ed to reve:tl a primary cause 
and response to symptomatic management such 
as prokinetics has been disappointing. These 
;l.nimals carry a guardl:d prognosis. 

Prsd/sposlng ClUSBS for GOV 

Whether the stomach dilates and rotates in a given 
animal at .:lny given time is (he resu lt o f the com
bin;l.cion of a series of predisposing factors: 

• Dilatation of the stomach secondary 10 inges
tion of g;lS. food o r fluid; 

• Splenic engorgement following displacement 
by gastric dilaution may prevent spont2neous 
recovery; 

• Gastric volvulus, which is generally thought to 
occur following dilatation; 

• Conformation; deep chested dogs have an 
increased tendency to twist, possibly due to 
defective eructation; 

• Postprandial eltereise (though mean time pOSt
feeding reponed as 7 h, range 1-40 h); 

• Composition of diet, e.g. swelling of dried 
food has been implicatcd in somc studies 
(Van Kruiningen et ai., 1987) but not others 
(Burrows and Ignaszewski. 1990); 

• Rapid intake of large volumes of foodlfluid; 
• Increased production or intake of gas, e.g. 

ingestion of highly fermentable food (Van 
Kruiningen et aI., 1987). Aerophagia in ner
vous, excited or dyspnoeic animals is likely [ 0 

be more importanl (Caywood et al., 1977: 
Brockman 1994); 

• Deftttive eructation (neural or anatOmic (:luses); 
• DcI:lYcd gastric motility and gastric emptying 

disorders (for C2uses sec e2r1ier) (H211, 1989; 
Burrows and Ignaszewski, 1990); 

• Genetics; GDV appears to be more common in 
cert2in lines of certain breeds; 

• Non-specific GI disease: m2ny cases h2ve 
displacement of pylorus and fundus (Frendin 
et al., 1988); 

• ? Elev2ted gastrin levels increasi ng gaslro
oesophageal sphincter pressure and inhibiting 
eructation; 

• ?? Laltity of g2Stric ligaments (Onon, 1986). 

Pathophysiology 

When the stOmach distends, the gastro
oesophageal sphincter is prevented from opening 
2nd this efftttivdy pre\'ents eructation or vomiting 
which could relieve the intragastric pressure. An 
increased level of gastrin, initiated by distension, 
funher increases gastro-ocsophageal sphincter 
pressure, delays gastric emptying and predisposes 
to aerophagia, thus creating a vicious cycle. 

Distension of the stomach interferes with 
venous return to the heart, reducing cardiac out
put and leading to hypovolaemic shock. Lactic 
acidosis c;ln become marked, eventually leading to 
multiple organ failure. Cardiac arrhythmias occur 
as a consequence of cardiac ischaemia and release 
of myocardial depressanl factors by the pancreas 
;md spleen (Brockman, 1994). Local blood supply 
to the stomach is reduced further by microvascu
lar infarction and gastric oedema r~sults in 
mucosal ischaemia and necrosis. Mucosal damage 
is worsened by the build up and penetration of 
gastric .acid through the mucoSJ.1 barrier. 
Distension of the stomach preycnts normal 
diaphragmatic function thereby intcrfering with 
breathing .and reducing oltygenation. which in 
turn accel~rales lactic acid build up and further 
impairs tissue perfusion. Unless these chang~s 
are rapidly corrttted, disseminated intravascular 
coagulation and irr~\'crsible shock develops C2US
ing de;llh (Simpson and Else, 1991b). Even when 

Tl bl.38.22 Changes In serum chemistry during development and lollowlng initial treatment 01 GDV 

Plrameter 

Packed cell volume 
Albumin and 101a1 protein 
Potassium 
PhosphOrus 
Sodium. c:/'Iloride and calcium 
Glucose 
Creatine kinase 
Acid-base ,., 

Change 

Gradual f; U. With Ireatmenl 
Mild f : U. With treatment 
Gradual t : fl WIth Irealment progressl~ to J. 
t 
no change 
t; ! Wllh Ilealmenl 
tt 
Acidosis. ! pH and bicarbQnale: worsens duling immediate post·treatment 
U 
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the GDV is resolved, further, severe damage to 
the tissue can occur due to reperfusion injuries. 
Electrolyte and acid-base disturb:lnces are sum· 
marized in Table 36.22. 

Cllnlcal.l,n. 

The history reve:lls a sudden increase in :lbdomi· 
nal size, frequent allernpts 10 vomit and salivate. 
This may be preceded by a period of restlessness. 
Without treatment, collapse 3nd death occur 
rapidly. Examination reveals pailor, tachycardia, 
poor pulse quality and poor capillary refill time, 
dehydration, abdomin:ll discomfort, grunting 
respiration, weakness and abdominal tympany. 

O/,gnD./. 
Diagnosis can usually ~ made on clinical presen· 
ution although the differentiation between dilata· 
tion alone and dilatation-volvulus can be difficult. 
Passage of a stomach tube may not reliably differ· 
entiate between the two conditions. Torsion 
results in a gas+filled pylorus lying dorsal to a gas· 
filled fundus cre:lting a soft tissue fold across the 
stom:lch on a right l:lteral radiograph (Hathcock, 
1984; Brockman, 1994). 

r"atment ,nd management (Leib and Martin, 
1987) 

GOVs are true medical emergencies. Treatment 
should follow three basic rules: 

1. Decompression; 
2. T reatmem of shock; 
3. Surgical correction (if there is volvulus). 

Fluid therapy 
Fluids should precede/accompany decompres· 
sion. Fluids (lactated Ringers) should be given at 
shock rates of 90 ml h· 1 which can be a problem in 
l:t.rge breed dogs as this can represent 3-4 I h· l • II 
is essential. therefore, that a wide·bore catheter(s) 
is (are) placed. An inAatable bag compressor is a 
valuable addition to emergency facilities in a prac· 
tice since it enables very r.tpid Ouid administra· 
tion. If possible at least 15 min of Auid therapy 
should be given before decompression. 

Decompression 
Initially, partial dct:ompression is best achieved 
by trocharization using a J4-J6G needle rather 
than stomach tubing the animal which is more 
stressful and C3n precipitate sudden death. Less 
rapid decompression also reduces the rate of 
reperfusion and the release of large amounl5 of 
free oxygen radicals and toxic metabolites into the 
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circulation. After partial decompression a stom~ 
ach tube can ~ more easily and safel y passed 
allowing gastric lav .. ge. The presence of blood and 
mucosa in the lavage is a poor prognostic sign. 

Adjunctive lreatment 
• ConicoSleroids;shock doses of methylpredniso

lone have not been shown to increase long.term 
survival. They should not be given until 30 min 
after Auid administration has commenced. 

• HI blockers given intravenously may be valuable. 
• Antibacterials: broad spectrum cover is 

routinely administered as GDV cases are 
predisposed to septicaemi:l due 10 bacterial 
translocation from the GIT and reduced reticu+ 
loendothelial function. Antibacterials should 
be given intravenously, e.g. ampicillin ( 10-
20 mg kg"1 tid) and enroAoxacin (2.5 mg kg" ' 
bid-tid, Baytril; Bayer) or cefu roxime ( 10-
20 mg kg-I tid, Zin3cef; Glaxo). 

• NSA JDs: flunixin meglumine may have \'alu· 
able anti·endotoxic activity but it should be 
given with extreme care, especially if the animal 
has been given corticosteroids as gastric 
mucosal integrity is likely to be already com· 
promised. Flunixin, in common with other 
NSAIDs also inhibits proSlaglandin~mcdiated 
protct:tion of renal perfusion. Flunixin has not 
been shown to be beneficial in one small study 
(Da"idson 1.'1 aI., 1992). 

• Free radical scavengers: desferrioxamine 
mcsylate (25 mg kg-I i.m.) given 30 min into 
treatment has been shown to increase survival 
and decrease reperfusion injuries (Lantz and 
Badylak, 1992) in experiment.al models. 
C linical experience is limited. 

Suraery 
Surgical intervention is required to reposition the 
stomach, manage areas of necrosis and to prevent 
recurrence (75-80% of GDVs will recur without 
gastropexy). 

Management of gastric necrosis is most rapidly 
achie\'cd by invagination of the affected area 
r:lther than excision. The technique also has a 
reduced risk of abdominal contamination from 

• gastriC contents. 
A wide variety of gastropexy techniques arc 

described. Fundopexy and circumcostal. inci· 
sional and muscular flap gastropexies are associ· 
ated with the lowest recurrence rates (0-3.3%) 
(Ellison, 1993). In critically ill patients. tube gas· 
trostomy may be preferred as it is a more rapid 
technique and allows continual decompression. 
Howe\'er, this technique results in a higher 
recurrence rate (3-11 %) (Ellison, 1993) and may 
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require revisio n when the palienl is mo re stable. 
SplcncclOnlY m:a.y be required if there hu been 
m:a. rked v.l5cul:a. r compro mise :a.nd the spleen fails 
to contn ct fo llo wing derotatio n. 

It is essenlial that the surgic.ll an.lto my is under
stood 50 that the sto mach can be fully derot:ned 
prior to fi xation. This can be achieved by standing 
o n the right side of the :a.bdo men, lifting the 
pylorus and movi ng it to the right side while the 
fundus is pushed to the left side of the ;lbdomen. 

Management 01 complications 
Complic;ltions ;lfe common follo wing GOV 
surgery (I:ig. 36.16) hence good postopentive 
mo nitoring is essemial for surgery to be successful. 

C;lrd iac arrhythmias occur in 40-50% of cues 
12- 72 h postSurgery as mult iple ventricubr pre
m:uure (VPC) complexes. or as paroxysmal o r 
persistent ventricular tachycardia. El« uolyte and 
;lcid- b.lse statUS should be cheeked and corrected 
if necessary. VPCs sho uld be tre:a.ted if there is 
R o n T , the)' :u e multifoc:a.1 o r the heart nte is 
above 150 bpm. Lignocaine (2-4 mg kif'), usuall y 
gi\'en u a slow inlnvenous bolus. should 
be fo llo wed by continuo us infusion at 50-
100 ... g klfl min-I, If Ihis is ineffective then pro
c.linamide hydrochloride or q uinid ine sulphate 
may be required . Care needs to be exercised when 
using these drugs u their hepatic metabolism .lnd 
renal rxcretion may be compromised. 

Panlytic ileus occurs in as many u ) 0% of 
patienu and there may be delayed gastric empty
ing. Metod opn nlide o r ciupride are appropriate 
drugs to use in such cases. 

Figure 36.16 Gastric rupture postsurgery for a IJCISlric 
volvulus in a 6-year-old. neutered. female. Weimeraner 
dog. Note the poor serosal detail and free faecal material 
In the ventral abdomen (arrows). 

Oissemin;l.ted inlnv;tSCul;lf coagulation occurs 
in a significant number of cas~. ;l.nd m;l.), require 
heparin then py (10-75 u kg-I s.c. lid) in conjunc
tio n with a plasm:a. transfusion. 

Prognosis 
Prognosis is highl)' dependent o n the m .te o f sys
temic collapse at presentatio n and whether there 
is gastric ne<: rosis. Mo rtality n tes o f 2J-.60% are 
quo ted (Meyer-Lindenberg ct al .• 1993). 

ChronIc glstrlc volvulus 
Some dogs present with a recurrent history of 
chronic. usuall y self-relieving mi ld to modente 
gastric distension, anorexia and/ or vomiting. 
Borborygm i, eruct3tion and weight loss arc also 
reported. Rad iographs sho w evidence of a torsed 
but not neces5;1rily dilated stomach. There may 
be e\·idence of liver dam;l.ge due 10 congestive 
hepato p;l.thy o n b iochemical examination. Treat
ment requires surgical g;l.stropcxy. 

I SMAll INTESTINAL DISEASE 

• Introduction 

The small intestine c:a.rnes out the processes of 
digestio n and ;l.bsorptio n of food, It ;1.150 has ;I. 

major immunologic.l1 ro le in controll ing small 
inte5lin.l1 Elon and initiating to lennce to food 
antigens. F;l. ilure of this immunological ro le is 
a commo n precurso r to m;l.n),. chro nic. small 
intestinal diseases. The surfa ce u e;l. of the sm:a.U 
intestine is gre;l.tI )' incre;l.sed by the presence of 
folds and finger-like vill i. Additional surfacc area 
is crcated by the microvilli present o n cach 
enterocyte. 

Curier protei ns are present o n the microvilli 
specialized fo r the transpo rt o f glucose. amino 
acids, fm y ;l.cids and o ther nutrients. Absorbed 
material is carried to thc liver via rich capilbry 
beds which connect with the po rtal vein. Diet;l. ry 
fat and f;l.t -soluble vit:a.mins are absorbed into a 
centnllacteal. The small intcstine is innervated by 
vag:a.1 puasymp;l.thctic and p;l.f;l.venebrnl symp;l.
thetic efferent fibres. The parasympathetic fi bres 
;l.fe important for the regulation o f mo tility. 
Affcrent sympathetic .lnd p;l.r.lSy mp:a.thctic fibres 
reb y sensory inform;l. tion. 

The epithd ium o f the small intestine is com· 
posed of a variet), of cells :a.nd is delineated by a 
basement membr;l.ne (Fig. 36.17). Enterocytes ;l.fe 
continu;l.lIy being desquam:lled from the tip of the 



""" apitliatium 

villus 2nd rcplacro by rapidly dividing crypt cells. 
Migration of cntcrocytes from crypt to villus tip 
occurs over three to five days (Eastwood, 1977). 
Lymphoid material is accumulated in distinct 
areas (Peyer's patches) where specialized epithe
lial cdls (M-cdts) arc thought to be responsible 
fo r sampling the antigenic milieu. The lamina pro
pria lies bdow the epithelium and is composed 
primarily of B ;J.nd T lymphocytes. plasma celts, 
eosinophils and macrophage!. At the base of the 
villw-crypt unit lies the muscularis mucosa 
which separates the mucosa fro m the submucosa. 
Bdow the submucosa lie the circular and then 
lo ngitudinal smooth muscle layers and finally the 
5erO$:l.. 

Sm211 intestinal motility mixes chyme from the 
stomach with pancreatic and biliary secretions to 
ensure efficient digestion of nutrientS and slows 
the passage of contents through the tubula.r 
lumen. Passage through the sm:tll intestine is :t 
mixture ofbr:lk.ing segmentation motility and for
ward moving pcrista.lsis. Neurological control is 
mediated by cholinergic, adrenergic and sero
toninergic :tctivity. Passage of intestinal contents 
from the ileum into the colon is vi:t the ileocolic 
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Figure 36.17 Diagram showing the 
anatomy 01 a villus-crypt unit of the 
small intestine. 

junction which o pens in response to food entering 
the stomach and prevents reflux from the colon 
into the small intestine. 

• Enteritis 

Enteritis c:tn be divided into acute lind chronic 
disc3se but this is somcwhat artifici:tl 3nd of lim
ited practical v3lue. Enteritis t'ypically prescntS as 
diarrhoea which may be accompanied by o thcr 
abdominal and systemic signs. 

Di3rrhoe:t is defined as increued frcquency 
and/or fluidity and/or volume of faeces thus 
frequent paS5age of bulky but well-formed stools 
should still be considered as diarrhoea. Diarrhoea 
can be divided into: 

• Osmotic diarrhoea associated with a failure of 
digestion leading to nutrient retention :tnd 
therefore increased fluid is held in the lumen; 

• Secretory diarrhoea results from exaggerated 
villus response leading to large volumes of 
isotonic fluid entering the lumen. This may be 
activ;ucd by bacterial toxins. e.g. emerop:ttho-
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genic E. roli (EPEC) or SalmOllella spp. o r it 
m:l.y be lssoci:n cd with 3n osmO[ic dilrrhoel 
where the presence o f undigested nutrients in 
the lumen leads 10 bacterial dcgrad31io n to 
o rganic acids, amincs. 3mmonia and hydroxy 
fats. 

• Inere:lSed perme3bilit)'; llrge volumes of fluid 
normally move 3eross the imestinli epitheliu m 
imo the lumen (up to 2700 ml dar1 in 3 20 kg 
dog), o f which 95% is resorbed in the ileum 
and colon (Drazner, 1983). Inflammation, 
nroplu il, ulcer3tion ;md c;trdi;tc dise:lSc can 
incre3Se this loss lnd, in severe e:lSes, be 
:l.ccomp3nied by m;tcromolecules resuhing in a 
protein-losi ng entero pathy. 

• Mo tility diarrhoea occurs due to a loss o f 
segmentation motility but normal peristalsis 
(Murdoch, 1986) presenting the colon with 
sudden large \'olumes of fluid which it is unable 
to resorb adequately. 

Sudden onset diarrhoea in clinically heahhy :l.ni
mals, like acute vomiting, is usually sdf-limiting. 
BUI, acute, lifc-thrc3tening d iarrhoea 3Ssociated 
with viral enteritis, e.g. parvovirus can occur 
(fable 36.23). 

C hronic di;trrhoea may be defined as diar
rhoel th;tt is not self- limiting or fails to respond 
to symptomatic therapy l nd is of more th:l.n 
three weeks standing. It can be persistent or 
intermittent l nd is rarely life-threate ning. h 
can, however, reflect serious underlying disease 
(f :l.ble 36.24). 

Differenti;tting diarrhoea into essentially large 
or small bowel in o rigin (see C h:l.pter 7) and asso
ciating it with intestin;tl or systemic disease is of 
puetiea! v;tlue in planning appropriate investiga
tions. 

Tible 311.23 AetioioOY 01 sudden onset ~iarrtloea in ooos and cats 

DietillY 

Viral 

Overeating 
Scavenging 
Soiled 1000 
Su~~en dietary cl\an~ 
Dietary Intoterance, e.o lactase 

deficiency 

Canine Parvovirus 
Distemper 
RolaVlrL/s 
Coronavirus 

Feline ParvOVirus (panleukopenia) 
Rolavirus 
leukaemia virus 
Astrovirus 
?Torovirus 

Parasitic Untlnaria spp. 
Ancylostoma spp. 
Ttichuris spp_ 
Cryptosporidla spp. 
Giardiasis 

Baderill Sa/mOM/Sa spp. 
campy/obaeter spp. 
ClOstrid,um dlfficile 
C ptJrfrlnf}!fIS 
Tyzzer's diseaSi 

Miscellaneaus HaemorrhaglC g<lSlroententis 
Intestinal obstruction 
Intussusception 
Severe sy5temiC disease 

Treatment of diarrhoea 

Treatment o f diarrhoeA is dcpendem o n defi ning 
its cause. A \'ariety of non-specific therapies arc 
also available which c;tn be of v;t lue in amclior;tt
ing the effects of diarrhoea whatever its o ri gin. 

Table 38.24 Aetiology 01 chronic diarrhoea in dogs and cats 

PrImary dlarrhaea 

Giardiasis 
Exocrine pancreatic Insufficiency 
Inllammatory bowf:l diSease 
Eosinophilic ententis 
Dietary hypersensrtlWy 
lymphangiectasia 
Small Intestinal bacterial owrgrowth 
Intestinal neoplasia 
Partlat obstruction 
Villous atrophy (secondary to acute diarrhoea) 
Motility disorders 

Diarrhoea secondary ta cystemic dluau 

HyperthyTOldiSm 
Feline leukaemia virus 
Ftllne immunodeficiency virus 
Ft!lille coronavirus 
HypoadrenoalrticiSm 
Hepatic lallure 
Renallallure 
Congestive cardiac disease 

AYKlrS><O zas~ ellO gradivo 



Intestlnl l pro1actlnts 
Thcse drugs are generally of very little value as, 
although faecal character improves, water content 
remains abnorm;ll. Bismuth subsalicylatc is useful 
as it ;1150 has anti-infbmmatory, antibacterial and . . . 
anusecrctory activity. 

Motility modtfllrs 
Opiate· based compounds such as codeine, lop
eramide and diphenoxylate (Table 36.25) promme 
segmentation motility of the intestine slowing 
transit time and increasing the opponunity for 
electrolytes :md water absorption. They arc 
oontraindicaud if toxigenic diarrhoca is sus
pected as absorption of toxins ;lnd bacten;l will 
be increased, 

• Dietary diarrhoea 

A,t/DIDIY 

Dietary diarrhoea may ;lrise for a number of 
reasons: 

• dietary indiscretion; 
• excessive inukej 
• dietary hypersensitivity, intolerance or allergy; 
• sudden dietary change; 
• diet contains preformed toxins; 
• diet contains pathogenic bacteria. 

Dietary indiscretion and excessive intake is most 
commonly seen in dogs which may well scavenge 
without the owner's knowledge. Similarly, cats 
may be receiving inappropriate foods from 
another source. Overfeeding is panicularly com
mon in puppies and kittens and some diet sheets 
that accompany new puppies and kittens suggest 
that entirely inappropriate volumes of food 
sho uld be given. Sudden dietary change can cause 
diarrhoea :md is often made worse as the o wner 
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then abruptly changes the diet back to the original 
product. High carbohydrate diets may cause diar
rhoca (particularly in cats) as can predominantly 
meat based dicts (Murdoch, 1986). 

True dietary allergies are Tt," in dogs and cats, 
although a variety of foods have been implicated 
in individual cases including beef, milk, wheat, 
egg and horse meat (Merchant and Taboada, 
1991). Milk 'allergy' is more likely to reflect into l· 
crance [0 lactose due to a lack of the intestinal 
lactase enzyme and is more common in cats. 

Clinical findings 

Dietary diarrhoea is typified by a bright, active, 
appetant patient with large volume, small intesti
nal diarrhoca. 

OlagnOl/' 

Diagnosis is usually circumstantial when the m i· 
mal recovers following d ietary rest and the subse· 
quent introduction of a bland diet. Animals that 
arc suspected to scavenge can be investigated by 
strict supervision at home and whilst OUt walking. 
This may require muzzling of dogs during exer
cise. Alternatively the dogs can be hospitalized o r 
kennelled. Cats which may be receiving in;tppro
priate diets from other sources may requ ire 
kennelling or hospitalization. 

Where dietary sensitivity is suspected the 
animal should be fed a protein source to which it 
has not previously been exposed together with a 
gluten.free carbohydrate component, e.g. rice o r 
potatocs. Ideally. o nce the animal has recovered it 
should be re-ehallenged with the o riginal diet to 
confinn that diarrhoea recurs. O wners arc under
standably reluctant to pursue this last phase in 
many cases. In refractory cases, home-cooked 
elimination diets ;tre sometimes more effective 
than commercially ;tv;tilable 'hypoallergenic' diets. 

T. bHi 38.Z5 Sl)IJIIesled dose rales lor opiale motility modifyif"lg drugs In cats and dogs 

ON, DOli fli. (mg kg-I) frequency RaUle 

Dogs 
Codeine 0.5-2.0 bid , .• 
Loperamide 0. 1~2 bld-lid p.o 
Diphenoxylate o 1~.2 bld-tid p.o. 

C,. 
Loperamlde 0.OH.16 ., p,o. 
Dipl1enoxylate 0.05-0. I ., p.o. 
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Such dim shou ld 1><= f~d fo r up to 6-8 weeks 
1><=fore this line o f (henpy is abando nro as 
unsucc~ssful . 

• Vl,al ente,ltls 

A wide range of vi ruscs have be~n impliClllro in 
the aetiology of ;J;CUt~ and chronic diarrhoea in 
dogs and cau (f ;J;bl~s 36.23 <lo nd 36.24). 

Coro naviruses :md ro t<lo\·irusC5 ausc rel2tively 
mild d iarrhoea associated wim invasion of the 
enterocyt~s of the vi llus tip leading to a varying 
degr« of villus atrophy. This reduces the small 
intestinal surface ar~a and thus can le:l.d to m:l.lab
sorptio n. C rypt structure remains int";!CI and new 
enteroeytes will be rapidly produced and mignte 
to the vi llus t ip, hence malabsorption is o nl y 
tempor:1r)'. 

In contrast, canine and fcline parvovirus 
(panleukopenia o r infectious enteritis) :l. ltack the 
rapidly dividing cells in the vi llus crypt. This 
resul ts in much mo re profound vi llus atrophy 
which is less able to resolve:l.s new enterocytes arc 
not being producro. The immunosuppression 
that also :l.ccompanies paf'lOvirus inf«tion prrois
poses these cascs to s«ond:l.ry bacterial infection. 
C hro nic diarrhoe:l. and wc:ight loss may de\'clop 
due to malabsorption. 

Clinic,' findings 

The majori ty of corona vi rus infections arc 
:uymptomatic or associated with mild depression, 
anorexi:a and diarrhoca in young puppies 3nd 
kittens. Vomiting is n rc :1nd the signs :lre sclf
limiting. Coronaviru$ causi ng feli ne inf«tious 
peritoni tis can also be :associated with chronic 
diarrhoea in cases where th~re is granulom:1tous 
inflammatio n of the inteSlin:1ltnct. 

Ro t:1virus infections in adults usually result in 
a low-grade self-limiting enteritis with ano rexia 
:and mucoid diarrhoea lasting up to ten days. In 
neonates, a more acute disc:ue is sCt"n with 
vo miting :tlld d i:t rrhoc:t le3ding to dehydr.llion 
:tnd collaps~ if left untreated. 

Parvovi rus representS a life-threa tening disease 
particularly in puppies and kittens. It is char:acter
izro by a period of ano rexia, d epression and 
inappetence which is fo llowed by acute \'o miting. 
Diarrhoea may not develop for up 10 4 8 h after me 
o nset of \'o miting. Abdominal pain can be marked 
and d i;trrho~a h:ts the typical. though not patho
gnomonic, smell associatro with the presence of 
blood. Sloughed intcstinal mucosa may also be 

present. A similar clinic:tl syndrome has hccn 
reponed in catS with fcline leukot~mi:t virus. 

Protrusion olthl nlelitallng mlmbrane-dlarmola 
complex in ells 
The cause o f this syndrome is still unclear but a 
[orovirus h:u been implicatro (Mui r I!( al. , 1990; 
Rutgers, 1991). The d iarrhoc:a is chronic :tnd 
can be long·standing, lasting several months. It 
appe:trs [ 0 be inf« tious in nature as it tends to 
spre:td through a household although the degr« 
to which individu:lh are affected can be very vari
able. The \,irus is thought to C:luse an autono mic 
g:tnglio nopathy and hence the d iarrhoea is due to 
altered intestinal mo tility. This m:1y explain its 
poor response to treatments used fo r other \·iral 
diarrhoeas which arc associated with villus 
damage. 

Diagnosis 

D i:lgnosis of viral diarrhoe.l is based on the 
demonstration of the virus in a f:leul sample o r 
the presenc~ of viral antigen o r antibodies 10 the 
\'irus in blood. Par.'ovirus infection can be diffi
cult to pro \'e in immunized animotls but genenlly 
the antibody titre follow ing lI :l tural inf«tion 
is significantly higher th:ln v:tccinal tit res. A 
pro found leukopenia in a di:trrhocic puppy o r 
kitten is also highly suggeni\·e o f par.'ovirus. 
Demonstntio n of the \·irus by faecal haemag,glu
tination, ELISA o r microscopy c:tn give !:tlse neg
:uive r~su lu:as viral levds :tre often vcr)' low when 
there is severe diurhoea. P:lrvoviruses :l.fe also 
seen in the h«es of clinically hulthy individuals. 
Definitive d iagnosis may require histopathology 
of the intestine. 

rrBatmfmt 

Treatment is sympto matic :md suppo rt ive with 
fluid, electro lyte and acid-base balance being the 
most impo rtant initi:tl considerations. Broad
spectrum antibacterial agenl5, :tnt iemetics and v it 
amin supplements an~ alsoof v:l lue. Ii yperimmune 
serum in the face of est:lblished disease h:as not 
been shown to be o f usc and intestin:t l protcctants 
such as kaolin are also of little value. Motility 
modifiers, such as anticholinergics or opi:1tes, and 
glucocorticoids 3re contr:tindicated. 

• Bacte,lal lntections 

Primary bacterial ~nterilis is r:a re in dogs 2nd 
cats. Inf« tions involving Camp),lobllCfeY spp . 
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and Salmon~lfll spp. are usually opportunistic as 
both baclI~ria may be recovercd from hc:tlthy 
individuals. Clostn'dium pNj'n'ngens-usociatoo 
diarrhoea is causro by thc organism elaborating 
a toxin which results in acutc mucoid or 
haemorrhagic diarrhoea but chronic intcrmincnl 
problems arc also rcported. Clostridium diffici/~ 
has been associatcd with antibiotic-induced 
diarrhoa (Bcrry :tnd Lcvcn, 1986). Ycrsiniosis is 
a rarc cause of chronic diarrhoea in dogs and 
cats associ:ttcd with YCr$;nia ps~udotub~rculos;s 
which is potenti:t\ly zoonotic and Y. cnurocolit
ica. Tyucr's diseue due to 8aciIJus pili/ormis is 
also occasionally seen in puppies and kittcns 
causing :t severe life-thrc::ttcning gastroenteritis. 
Mycob:tcterial-associatcd diarrhoea has also b«n 
reported. 

Ent.rop.thog.nlc E. coli 
Thcre is mounting evidence to support the role 
of EPEC in the :tctiology of c:tninc diarrhoea. 
Their role in feline cases is leu clear as signifi 
cant numbers of hc:tlthy cats harbour EPEe. 
EPEC cause diarrhoea due 10 thcir ability to 
produce toxins or to attach and invade the 
mucosa. Diagnosis is based on polymerase chain 
reaction techniques on colonies isolated from 
faecal umples in suspected cues. Treatment is 
with a suitable antibacteri:al :agent but cases do 
recur suggesting th:tt there may be underlying 
immune deficiencies in $Orne dogs. The uS<' of 
aUiogenous vaccines is being investigated. 

CllnlCllllndlng. 
With bacteri:a)-usociated diarrhoea a full spec
trum of dise:llse from :IIcute. life-thre:ltening di:llr
rhoea, e.g. Tyuer's disease in puppies or kittens 
Uones ~t al., 1985), to chronic, intermiuent 
problems, to clinically asymptomuic cases is 
encountered. Yenini/l has been :usociated wilh 
mesenteric Iymph:adenopathy in catS (Obwolo 
and Gruffydd-Jones, 1977). 

DI'gnosis 

Di:llgnosis is based on the demonstration of 
pathogenic b:tcleria on faecal culture. Selective 
media and rc~:tt cuhurcs may be r.:quired in 
some C3Ses. Pathogenic bacteria are also :associated 
with diurhoca s«ondary to OIher diseue 
processes affecting the norm:lll regulation of 
bowel flora hence treoltment of the pathogenic 
bactenol alone m:ty not resolve the clinical signs. 
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• Parasitic inlections 

Nem"odlS (roundworms) 

Parasitic disc.uc is usually only clinic:tlly signifi
cant in young puppies :tnd kittens where heavy 
burdens of Toxocara spp. or Toxascan's I~01Jilla 
nn induce vomiting and diarrhoea. On r.are occa
sions th~ polrasiles can cause bowel obstruction. 

Diarrhoe:1 c:tused by hookworms (Ancylostoma 
caninum o r Uncinaria st~noccphalll) are most 
imponant in young dogs. Whipworm (Trichuris 
flulpis) can be associated with chronic entero
colitis in dogs; the di:llrrhoca may vary from 
blood -tinged and mucoid to profusc :and w:tlery. 
Whipworm infection is rare in c:tts. Larv:ac 
from both hook- and whipworms nn inv:ade 
and damage the intestin:tl mucosa. HC:lvy 
Ancylostoma infections can c:tusc sc,'erc mucosal 
d:lmage, acute diarrhoc:t ;md mel:ten:t. An:acmi:t 
and uciles secondary to hypoprotein:tcmi:t may 
occur. Pedal derm:uitis :and anal uleeralion and 
prurituS due to migraling l:IIrvae is also scen. 

Diagnosis is bued on faecal worm egg cou nts. 
A single ncg:ative f:tccal docs nOl rule-out these 
infections as intermittent excretion of ova OCcurs. 
Worming with :t hcnzimidaz.ole. pyrantel o r :II 
nitroscan:lte-bued product is highly effeeth'e in 
the Ireatmenl of nemau)(te infcstations, Ihough 
severe mucosal dam:tge caused by AnC'),/ostoma 
may be slow 10 heal. Balls of dead ascarids can 
potenti:ally cause obstruction. Piperazine-bued 
products have lower efficacy esp«i:tlly :against 
larv:al forms and un be neurotoxic especially in 
small puppies and kittens where overdoS3ge is 
frequent. 

CestDdll (I,p,wDrm) 

Echjnorocrus spp., Tacnul spp. and Dipylidium 
canimml infcclions arc rarely associated with GI 
disease in dogs :and C:115. 

ProtDIDIn infections 
Cottldia 
Cysloisospora (formerly Isospora spp.) infection 
causcs di:trrhoca with mucus and blood in young 
animals. Cryptosporidill infections are usually 
asymptom:ttic but chronic and severe diarrhoea 
m:lly be $Ccn in kittens, puppies and immunosup
pressed adults. Occasionally, apparently immune 
compclcnl adults arc infected, Toxoplasma gondii 
usuollly causcs very mild diarrhoc:t in calS but 
reacrivuion has b«n implicated in cats with IBD 
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that appear to fai l to respond to immunosuppres
sive therapy. 

CysroiJospora and Cryptolporidia infections are 
diagnosed by sugar flomion or formol-c ther 
sedimentation. Toxopla1tna oocysts are o nly 
excreted for around ten days (4-H days follow
ing infection). D iagnosis is based o n high o r 
rising, preferably IgM, antibody titres. 

Trimethoprin sulphur is effective in the treat
ment of CysloiJospora by reducing oocyst 
production and allowing n;uural immunity to 
develop. Treatment of CryPlosporidia is often 
unsuccessful as clinically affected animals are usu
ally immunosuppressed. Cl indamyein has been 
recommended but iu cfficacy is questionable. 
C lindamycin is, however, the treatment of choice 
for toxoplasmosis at a dose rate of 25 mg kg-I 
divided bid/ tid in cats. 

Glallllasis 
Giardia lambliil is a pear-shaped protozoan para
site usually found in the duodenum (Pins, 1983) 
and occasionally the colon (Ewing and Aldrete, 
1973) o f dogs. In cats the parasite is most 
commonly found in the jej unum and ileum 
(Kirkpatrick, 1986). The prevalence of giard iasis 
in chronic diarrhoea varies from 4 to 33% (Burnie 
('l I'/., 1983; Burrows and Lillis, 1967). This wide 
range probably reflccu d ifficulties in d iagnosis 
due to the trophozoites remaining att'ol.ched to the 
mucosal surface and only being excreted intermit
(enliy. Giardiasis is li kely to be a significantly 
underdiagnosed cause o f chronic diarrhoe:t in cau 
:;md dogs. Infection usu::llly occurs via the inges
tion of cont:aminated water. 

Clinical sIgns 
Disease :associated with giardiasis is thought to be 
due to physical damage to the mucosa resulting in 
malabsorption, dccreaSt-d bile salt deconjugation 
and interference with lipase activity causing steat
orrhoea (Kirkpatrick and Farrell, 1982). 11 has also 
been suggested thlt giardiasis may be associated 
with immunosuppression (Pitts, 1983). Giardiasis 
most commonly Tl'!lults in intermittent orpersistent 
chronic d iarrhoea in puppies and kinens ::Ilthough 
asymptomatic infections can occu r. Diarrhoea 
tends 10 have :an 'o;!,tmeal' or 'frothy' appearance 
and is usually steato rrhocic. Occasionally tenes
mus, mucus and increased frequency, suggesting 
luge bowcl involvement, ;are seen in dogs. Most 
cases remlin appet::lnt but lose weight. 

Diagnosis 
Definitive diagnosis is difficult; fl otation and con
centration techniques fo r the detection of faecal 

cysts is recommended as identification of tropho
zoites in sal ine faecal smears is less rel iable (Ridley 
and H awgood, 1956; Kirkp:llrick, 1986). Even so, 
excretion of cy5ls or trophozoi tes is intermittent 
and detection requires multiple faecal samples to 
be t::lken. More recently d iagnosis has been based 
on duodenal fluid aspir:nes or biopsies in dogs. 
An ELISA lest for Giardia trophozoite antigens 
in the f::leces has been developed but has not 
proven to be more sensitive than faecal examina
tion (Barr and Bowman, 1994). 

Trealmenl 
Around two-thirds of cases lre responsive to 
metronidazole It a dose rate of 25 mg kg-I bid fo r 
5 d:ays followed by 10 mg kg-I bid for 5 dlYs. At 
the higher dose ntes neurological side effects arc 
seen in some c:ats. Alternati"ely, fenbendazole 
(Panlcur, Hoechst Roussel Vet) at 50 mg kg-l 

day-I for 3 days is licensed for the treatment of 
giardiasas. Giardiasas is a 7.oonotic disease so 
strict hygiene standards should be maintained. 
Giardia cysts can remain viable in a mo ist 
environment for several weeks. 

• Haemorrhaglc gastroenteritis 

A.llo!ogy 

This is a relatively ure condition of small breed 
dogs, especially poodles. miniature schnauzers, 
Shetland sheepdogs, c;!,valier King C h;arles 
sp::lnicls. There is no sex predisposition but cases 
arc most frequently observed in dogs between 
two and four years of age. Haemorrhagic g::l.Stro
enteritis (HGE) has been seen in greyhounds. 

The condition may resul t from intestinal ::Ina
phylaxis which can be triggered by food allergens, 
b:acterial enterotoxins o r intestinal parasites 
resulting in a marked increase in intestin:al perme
ability, however there is little evidence to support 
this hypothesis. Some evidence exists that H CE 
may be an immune-mediated d isease as it can be 
created experimentall y by injecting anticolon 
ami bodies (Bicks and Walker, J 962). l-I CE should 
be differenti:ated from other causes of haemor
rhagic diarrhoe::l (fable 36.26). 

Clinical signs 

I-IGE results in an acute onset o f vomiting and 
diarrhoea containing large amounts of blood. 
Affected animals may present with pale mucous 
membranes, tachycardia, tachyp noea and a sub
normal temper-llure. 

AvtorSKO zas~ C 10 gradivo 



Table 36.26 Dr!ferential diagnosis 01 haemorrhaOlc diarrhoea 
(e~eluding tlaemorrtJaglc gastroententls) 

InfectIous Parvovirus 
Salmonella 
canine adenovirus 
ClostridIUm perlringens 
leptospIrosis 
Campy/obaCter spp. 

ToIlc Corrosive or Irrllant chemicals 
Warfarin 
Thallium 
ArsenIc 

Metabolic HypoadrenocorticlSm 
Uraemia 
Acute pancrealltls 
Acute hepatItis 

Iscllaemlc Intesllnal obstructIon. e.g. tOtelgn bodies, 
lntussusceptlons, VOlvulus 
HypovolaemlC shock 
Endotoxic shock 
Olssemlnated Intravascular coagulation 

Neoplastic e.g lymphosarcoma, polyps 

Diagnosis 

Diagnosis of HGE is based on the age, breed, 
cl inical signs and having excluded other causes o f 
h:lcmorrh:lgic diarrhoea (f :lble 36.26). 

Management 

Aggressive fluid therapy and correction of elec
tro lyte and acid-base abnormalities 3re cssellliat. 
Antibacterial agents should be used due 10 the 
increased rate of bacteri;t1 translocation from the 

a 
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intestinal lumen. If nccesury, O IC should be 
treatl-d wi th plasma and heparinization. Food 
should be wi thheld for 24-48 h after which the 
animal should be fed a diet based o n novel protein 
sources. 

Prognosis is favouT;1,ble providing treatment is 
rapid :lnd aggressive. A monality rate of about 
10% has been repo rted and 10-15% of cases recur 
(Simpson and Else, 1991b). 

• Intestinat obstruction 

Imesti nal obstructio n usually involves the small 
intestine o r ileocolic valve. The lumen can be 
obstructed by foreign bodies, neoplasms, intus
suseeptions (Fig. 36. 18) or stricture fo rmation. 
Rarely, obSlruction occurs secondary to hyper
trophy of the mucosa. Foreign bodies ;Ire by far 
the most common cause in dogs. In (;.l tS, foreign 
bodies :lre more likely to be linear and cause par
tial obstruction. Intestinal pseudo-obstruction is 
caused by a lack of contraction and an inability to 
maintain tone in the smooth muscle of a seg
ment(s) of bowel resulting in d is tended loop(s). 
The lack of contraction results in an interruption 
in the fl ow of ingesta and has been associated 
with sclerosing entero pathy in dogs and diffuse 
lympho ma in calS. 

Clln/cal findfngs 

C linical presentation is dependent on the location 
of the obstruction, whether it causes a total or 
partial blockage, the length o f bowel that is 
involved (linear versus no n-linear) and whether 

b 

Figure 36.18 (a) longitudinal and (b) transverse ul trasound images 01 an intussusception in a 2-year-old. male gleat 
Dane. Note Ihe multilayered appearance on the longiludlnal view and the typical 'onion·like' arrangement In the 
transverse view. 
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perfor.l.l ion h:ls occurred. Upper sm:lll intestinal 
obstruction umds 10 C3use persislent vomiting 
which may ha\'(' :l faec;a l :lp~3r:tnce 3nd initial 
d i3rrhoc3 followed by ;a lack of defecation. Dist:ll 
obstructions cause leu persistent vomiling and 
fal'Ces arc r:trcly passed. Intussusceptions cause 
\'omiting 3nd the pus3ge of (;aeces conl.aining 
"3ri3ble amounts of jdly-like blood. 

Parti ;a l obstructions and lineJ.f foreign bodies 
can cause "ague signs 3nd in termittent \·omitlog. 
di;arrhoe.1 2nd in;appeunce which is 2pparently 
responsive to a v3ri~ty of treatm~nts. 

A p2lp2ble, often non-painful mass can be felt 
in many co-opentive anim21s p.lrticularly cats 
with foreign bod ies o r tumours. Intussusceptions 
have 3 'sausage' shaped feel and arc~ frequently 
painful. C ran ial to the obstruction the bowel 
loops become st3gnant and dilated which can also 
be appn.-ciated on abdominal palpation. 

Diagnosis 
Radiogr;tphy is particularl y effecti\'e for diag
nosing r:tdiodense foreign bodies. R;adio lucent 
foreign bodies. tumours and inlussusccrtions arc 
o ften recogniz;able due to su cking 0 stagnant 
loops of intestine proximal to the obstruction. the 
presence of rJdiodense sediment (gnvc! sign) ;and 
:u soft tissue masses d isplacing other loops of 
• Intesune. 

82rium studies o r HIPS are required to identify 
somc obstrunions but if uq;ent surgcry is con
templated then barium is in3dviuble 3nd HIPS 
can be too slow in providing ;ao answer. In such 
cases explo ratory coclio lomy may be more 
appropri2te. COlllrast studies 3re mosl valuable in 
the diagnosis of putial obstructions o r line.1r for 
eign bodies. Linur foreign bodies sometimes pro
duce subtle ch3nges on pl3in r:tdiogr.:lphs with the 
small inteSli ne appea.ring clumped into a ball wi th 
poor seroul deta. il and multiple gas bubbles. 
COIlt~St stud ies reveal eccentric pleating, convo
lution 3nd foreshort ening of the duodenum and 
jejunum. If 31ineOlr fo reign body is suspected then 
;an onl el(;amination should be performed to check 
for thre:ld, elastic CIC. looped around the base of 
the tongue :1.5, unless 3nchored. most linear 
foreign bod ies pus uneventfully through the 
:r.l imentary tnet. 

Ultruonography c:r.n be valu:r.b le in the diagno
sis of inlestin:r.l m:uses o r inwssuseeptions: the 
latter h;t\'e :r.n onion ring :r.ppeannce (sce Fig. 
36. I 8b). The pn:senct of abdominal fluid will ;a lso 
be readily ;app3rent in cues where there is pcri
tonitis :r.ssoci;ated with intestinal rupture due 10 

sharp fo reign bodies or necrosis following intus
susception. Long-st.lnding line:r.r foreign bodies 
will eventually 'checsewire' through the inlestinal 
wall. 

T"alm,nl 
Stabil iz:uion of the p;ttient for surgery is the m.1in 
;a im of therapy. This USU.1l1y im'o l\'es fluid ther
apy and antibacterial Olgents to reduce bacterial 
tnnslocation from the sugnam loops of intestine. 
Intr:r.venous antibacterial ther.1py may be requ ired 
in some cues. Surgical rdief of the obstruction 
c:r.n then be performed. Enterectomy is advisable 
if there is compromise of the intestinal w31l. 
Plic3tion of the intestines fo llowing ;\n imuS5US
ception m3Y :r.lso be necessary to reduce the 
likelihood of recurrence. Wound dehiscence and 
pcritonitis is;l recognized complic3tion, typically 
occurring 3- 5 d:r.ys pOstsu rgery. Adynamic ileus 
in response to chronic obSlruction c;a n ;also occur. 
Following surgery, fluids should be given inm
venously for 12- 24 h 3nd food wi thhcid fo r 24-
48 h. In the long term, strictu rc C3n occur 3t the 
si te of surgery resulting in recurrence of Ihe 
clinic:r.1 signs. 

I Small iniestinal baclerlal overgrowth 
(SI80) 

SIBO is a rccogll ized c;ause of chronic d iurhoca 
in dogs and humans. In normal C:I.IS duodenal b.1c
teri31 numbers arc much higher ( 1 ~- I ()I ml-I of 
duoden31 juice) 3nd Ihe fluid commonly contains 
obligate 3n;aerobic b;actcria hence SIHO in a C:lI 

can be difficult to demonstrate and its existence as 
a clinic31 emity in C;l. tS h:ls nOI been well pro\'en. 

5180 is not a diagnosis p~r se but a refl ection of 
inadequate comrol of till: intestinal bacterial flora. 
SIBO m:ly occur for a \'3ricl), of reasons: 

• Achlorhydri3 and elevation of g3stric pH 
which ;a llows b;lcteria to survive passage 
through the stom3ch (H oenig. 1980); 

• Extensivc use of broad spectrum ant iba.cterials 
which 3Hows pro lifcr:ttion of indi\·idu31 b;acte
ri.11 subpopul.1tions; 

• Par:tlytic ileus. pseudo-obstruction or intesti
nal obstruction which permits b3eterial prolif
er.\tion (Simpson, 1982); 

• Impaired intestinal immunity associ3ted with 
deficiency in intcslinal ' gA secretion 
(Whitbreld rt al .• 1984); G~rl1l3n shepherd 
dogs and golden retrie\'ers ~m to b~ over
r('presented; 
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• The presence of undigested nutrients in the 
lumen permitting proliferation of bacteria sec
ondary to maldigestion, e.g. exocrine pancreatic 
insufficiency or malabsorption, e.g. inflamma
tory bowel disease (180), lymphangiectasia. 

Both aerobic and anaerobic bacteria may be 
involved resulting in damagc to the jejunal 
mucosa. O rganisms reported include P5cudo
mona5 aeruginosa (Simpson, 1982), Baaeroidrs 
spp. (Reife el al., 1980), E. ooli, enterococci, and 
CiomidiHm spp. (Batt and Hall, 1989). Morpho
logical changes can be seen on hi5lop:tthological 
c:xamination as a degree of villus atrophy and Iym
phocytidplasmacytic infiltration (Rutgers el al., 
t 988). Aerobic overgrowth causes loss of hrush
border enzyme activity especially alkaline phos
phatase. Anaerobic overgrowth can result in 
marked changes in the glycocalyx, interfering 
with mucosa.! protection which can lead to 
increased intestinal permeability (Leib, t 987; Bait 
and Hall, t 989). S180 can result in deconjugation 
of bile salts and steatorrhoea. The increased lumi
nal fat levels are convened by the bacteria into 
hydroxy fatty acids which, together with the 
deconjugated bile salts, result in a secretory diar
rhoea (Simpson f!t al., 1996). Carbohydrate may 
be utilized by the bacteria with production of 
metabolites which further exacerbate the diar
rhoe:!. (Ban, 1987). Increased hydroxy fatty acids 
can also result in large bowel signs with mucoid 
diarrhoea, blood and tenesmus. 

Clinical findings 

Dogs with smo frequently present with inter
mittent chronic diarrhoea which may or may not 
be assoeiated with weight loss. In our clinic, a sig
nificant number of dogs also present with signs of 
large bowel diarrhoea which may be accompanied 
by weight loss. In some cases appetite will be 
reduced (secondary to cobalamin defi ciency) 
although polyphagia and coprophagia are also 
sun. If weight loss is significant then the possibil
ity of EPI or o ther causes of malabsorption 
should Ix: considert::d. O~·cr 70% of dogs with 
EPI have concurrent SlBO (Williams et at., 1987). 
Historically, diarrhoea associated with SlBO is 
sensitive to antibacterial agents but recurs after 
therapy has ceased. 

DiagnosiS 

SIBO is suggested by increased serum folate (50% 
of cases) and decreased serum cobalamin (25% of 
cases). Increased baseline levels of breath hydro-
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gen and elevated breath hydrogen (above 6 ppm) 
within 2 h of feeding or the administration of lac
tulose are seen in 80% of cases (Washabau et a/. , 
1986). Definitive diagnosis is based on quantita
tive cultures of duodenal juice samples obtained 
during endoscopy. SlBa can also cause decreascd 
xylose absorption which should be borne in mi nd 
when performing this test where malabsorption is 
suspected (Washabau et aI., 1986). Biopsy of the 
small intestine may reveal inflammatory bowel 
disease but this finding should be interpreted with 
care because ahhough it can be a predisposi ng fac
tor it can also occur as a result of chronic 5180. 

Treatment 

Where possible the underlying cause, such as EPI , 
should be treated but many cases appear to be asso
ciated with defective immunoregulation. In this 
instance symptomatic therapy is required. This 
involves the usc of antibacterial agents (Hall, 1989) 
and dietary management. Antibacterial agents 
should initially be given for one month but in 
refractory cases a two-month course followed by a 
gradual reduction in dose may produce remission. 
Appropriate treatment regimes would include; 

• Oxytetracycline - 15- 20 mg klfl tid 
• Metronidazole - 10 mg kg-I bid 
• Tylosin - 20 mg kg-I bid 
• Low fat highly digestible diet 
• ? diets containing fructo-oligosaccharides may 

be useful in controlling intestinal flo ra. 

Prognosis 

In cases where treatment of the underlying cause 
is not possible, therapy is aimed at conI rolling the 
clinical signs rather than curing the animal. 

• Eosinophilic enteritis 

Aetiology 

Eosinophil ic enteritis is an uncommon diagnosis 
and may be assoeiated with infiltration of the 
colon (eosinophilic enterocolitis) and stomach 
(eosinophilic gastroenteritis). In cats it can form 
part of a hypercosi nophilic syndrome (H ES) (Fig. 
36. 19) where there is also involvcment of the bone 
marrow, kidney, liver, spleen, lymph nodes, hea rt 
and skin (Neer, 1991; H uibregtse and Turner, 
1994). The relationship of H ES to the eosinophilic 
variant of chronic myeloid leukaemia is unclear 
but eosinophilic leukaemia can also involve the 
small intestine. 
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• b 

Figure 36.19 Ultrasound images 01 hypereosinophilic syndrome in a l Q·year-old. neutered. male Russian blue cat 
which presented with a four-month history of weight loss and small intestinal diarrhoea. Note the thickening of the 
small Intestinal wall (a) and the prominent echogenic pancreas (b). 

The presence of eosi nophils suggests ;1I1 allergic 
aetiology but this has not been proven. The type 
of diet (Quigley and H enry, 1981 ), heavy burdens 
of T OXOC/ll',f e/llll'J larvae (Hayden and Van 
Kruiningen, 1973 ) and mast cell tumours have 
been implicated in the pathogenesis. In the major
ity of ea.ses there is no obvious aeliological agent 
and these ea.ses arc labelled 'idiopathic'. 

Middle aged calS (average eight years) (Moore 
1983) and young dogs (Quigley and H enry, 1981 ) 
arc usu;r.ll )' afrecu:d. German shepherd dogs and 
dobermann pinschers may be O\'er- represenled. 

Clinical signs 

T ),pic:l lly. paliems preseru with weight loss and 
chronic small bowel diarrhoea. The severity of the 
disease depends on the degree :lnd extem o f the 
infiltration. Ad\'anced disea.se causes severe 
weight loss, depression. anorexia, melaena or 
fresh blood. H ypoproteinaemia and occasionally 
ascites and subcutaneous oedema due to se,'ere 
protein losing ctlleropathy occurs during the 
terminal-stages due 10 the extent of the intestinal 
mucosal damage and resultant incre.ued perme
abi lity. On physical examination the intestines 
can feci thickened. Vomiting occurs more com
monly in cals and in dogs if there is gastric 
iO\·oh'emeni . Tenesmus, haematochezia and 
dyschezia suggests colonic invoh·ement. 

DIIgnosls 

Circulating eosi nophilia greater than 1500 x 10' I-I 
which in some cases may be as high as 

70 000 x 10' I-I together with signs of intestinal 
disease are highly suggestive. Hypoproteinaemia 
with low serum albumin and globulin concentra
tions occurs in adv:lnced c.:lses. Definitive diagno
sis is based o n histological examination of 
biopsies obtained during endoscopy or laparo
tomy or cYlological examination of ultrasound
guided fin e needle aspirates of thickened intestinal 
loops. Worm egg counts should be performed on 
faecal samples. 

rrealmenl 

Eosinophilic infi ltr;\lcs in eats tend 10 be less 
responsh'e to corticosteroid medication com
pared to dogs. Immu nosupprcssi\'e doses of 
prednisolone (1-2 mg kg-I di"ided bid in dogs; 
3-4 mg kg-I bid in cats) should be given fo r 2-4 
weeks followed by a gradual dosage reduction 
over se' ·eral months. Azatbioprine ( 1- 2 mg kg- ') 
can be used to t reat intract'able cases in dogs but 
it may take between one and four weeks before 
a significant eHect is appreciated. H ydroxyurea 
( t2.5- 15 IIIg kg- ' bid) has been used successfully 
• 
III cats. 

As diet may be a factor, a hypoallergenic diet 
containing:l no\'c! prolein source should be pro
vided. Ideally two dicu should be a\·ailable. The 
first, given during initial t reatment. is a sacrifice 
diet to which the patient may become intolerant 
due to the o ngoing inflamm:ltory changes in the 
lamina propria. Once inflammation is contro lled 
by treatment, a second {maintenance} die t is 
introduced. 
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• Inllammalory bowel disease (180) 

Al llology 

IBD is a description of an infiltrative condition of 
the lamina propri;!, which can extend to involve 
the submucosa. A variety of inflammatory cells 
can be involved leading to the subdusification of 
IBD into Iymphocytid plasmacytic (most corn
man), granulocytic, neutrophilic, histiocytic. 
nccrotic, ulcerative and angiopathic Gergens ct aL, 
1992; Wilcock, 1992). 

Lymphocyticlplasmacytic IBO has been asso
ciated with giardiasis, lymphosarcoma, lymph
angiectasia, S180 and dietary hypersensitivi ty 
(DiBartola ct al., 1982; Franklin ct al., 1986; 
Rutgers 1989). Infiltration by lymphocytes and 
plasma cells may also occur in the stomach 
and colon. In the majority of cases of 
Iymphocyticlplasmacytic IBO then~ is mal-
2bsorption and in advanced disease PLE can 
develop. In some cases lymphocytic/plasmacytic 
ISO may refl«t the early stages of alimentary 
lymphosarcoma. 

More r«endy a breakdown in tolerance to the 
normal bowel flora has been implicated in the 
pathogenesis of disease (Duchmann et aI., 1995) 
which can follow a minor inflamma[Ory insult, 
e.g. diet change. 

Lymphocyticlplasmacytic IBD is seen most 
fr~uendy in middle-aged dogs with no sex or 
breed disposition other than in basenjis and 
lundehunds. In basenjis, PLE secondary to IBD is 
considered hereditary but the mode of inheritance 
is not known (Breitschwerdt et al., 1980). Some 
basenjis have histological changes without overt 
disease (Maclauchlan ct ai., 1988). IBD is one of 
Ihe commonest causes of small intestinal disease 
in cats (Rutgers et ai., 1988). 

Cllni''11 signs 

Dogs may present with vomiting and diarrhoea as 
the main clinical sign. Where vomiting is present, 
il is slowly progressive and usually contains bile 
or undigested food. The diarrhoea is usually typi
cal of small intestinal disease and tends to be soft 
ralher than liquid. Blood is rarely present. 
Clinical signs often wax and wane with acute 
'flare-ups' which are associated with anorexia, 
depression and abdominal pain. Berween 
episodes, appetite is variable and polyphagia may 
be present. There is progressive weight loss and in 
advanced cases PlE develops. 

Cats tend to present with vomiting as a pre
dominant clinical sign although this may, in part, 
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reflect their natural reticence to defecate in front 
of the owner and the faci that they bury there 
faeces. Even so, diarrhoea is not consistently seen 
in all cases of feline lBD. Some cases show no GI 
signs and present with unexplained weight loss 
despite a good or sometimes increased appetite. 
Significant PLE is less common in cats. 

DJlIgnosls 

As IBD can occur either as a primary condition 
(idiopathic IBO) and secondary to a v:lriety of 
other diseases (fable 36.27):l full gastrointestinal 
work-up needs to be performed in order 10 

identify and treat the underlying cause. Diagnosis 
of IBD is based on histological examination of 
intesti nal biopsies. Various attempts have been 
made to classify the severity of dise:lSe on a histo
logical basis. As lymphocytes and plasma cells :lre 
normal residents of the lamina propria, subtle 
increases in their numbers may be of questionable 
significance as this is a subjective assessment and 
will depend on the pathologist concerned. At the 
other end of the spectrum severe infiltration can 
be difficult to differentim from e:lrly lympho
sarcoma. Varying degrees of villous atrophy are 
commonly present. 

Classification of IBD into mild, moderate or 
severe should be based on the combination of 
clinical signs, e.g. degree of weight loss, frequency 
of acute episodes, presence of PLE as well :lS the 
histological findings. 

TrtlltmBnt 
Client education is important when tre;uing IBO 
as therapy is aimed at control rather than cure and 

Tabl,36.27 Potential causes 01 inllammatory bowel disease In 
cats and dogs 

food allergy 
Gluten sensitivity 
Nematode parasites 
Cryptosporldlosls 
Giardiasis 
SmalllntestlOal bacterial overOfowth 
Clostridium pWritl{)etls infection 
CampylobacleriDsls 
? Salmonellosis 
Hyperthyroidism 
FeLV Infection 
FlY infection 
Neoplasia 
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rdapses will occur. Where possible d ietary 
thcr.l.py :a lone should be tri~ . A low f:at, highly 
digcstibl!!, glu ten-free diet with :a defined protein 
sourc!! is id!!:al. D iets with incr!!U«i levels of 
potassium, w;l.Ier and f;!'hsoluble \' it-amins :are 
dl!5inbl!!. Strict adherence to a dieury tnal for 
four to six weeks is essential. 

In more severely affected animlls concurrent 
drug thenpy is rcqu i r~ and an initial S:l.cn fice 
diet fo llowed by a second therapcutic dict may 
be appropriate (sec u nder eosinophilic enteritis). 
Drug therapy for IBD may include: 

• Prednisolonc initially 2t immunosuppressivc 
doscs (I mg kg-! bid for dogs; 2-4 mg kg-I bid 
for C2U) (or twO to fo ur wceks followed by 
gndual dose reduction over tWO to thrl'C 
months; 

• Metronidazole may also bc cHecti\·c and may 
act by inhibi ting eell-mcdiated immunity as 
well;lS cont rolling anaerobic o \'ergrowth (dose 
10 mg kg-l bid) (rams, 1987; Rutgers, 1989). 

• T ylosin h;lS also proved effective in the 
management of IB O (Van Kruini ngen. 1976). 

• Authiopnne (1- 2 mg kg-I for fWO weeks fol
lowed by altern2te d2Y ther:apy) for rdr.lCtory 
c~es in dogs. There is :a lag cHect of :about 
sevcn d;l.Ys before full effic:ac)' is alt':ained. 

• Az.:athioprine should be used with grc;!, t care in 
C;l.IS (d ose rates of 0.3~.5 mg klfl on :alternate 
days h2\'e ~n used). Cyclophosphamide 
(200 mg m-1) once wcekly may be a better 
alternative in e;l.lS. 

• Cyclospo rin has proved usefu l in the m;l.nage
mcnt of IBD in hum2ns. Dosc rates of 
10 mg kg-' p.o. bid fo r five d:ays (rcpe:ated o n 
:a fi ve days o n. two d:ays off b2sis) h:ave been 
used in dogs and calS. 

• MOlility modific rs, e.g. short courses o f opiate 
such ;l.S lo per:llni(lc (0. 1 mg kif! p.o. tid) o r 
diphenoxylatc (0. 1 ~.2 mg kg-! p.o. tid) are of 
valuc in treating acute episodes o f severe 
watery d iarrhoca. 

• Adverse reacllons to lood 

Ad\'erse reaccions to food ar!! fr!!quC'nt ly seen in 
C;l.IS ;l.nd dogs and m;!.y simply reOcct d ieury 
indiscretion or the f!!edi ng o f 2 new diet th;l. t is 
substantially different from the aninul 's current 
food. Foods may also contAin preformed toxins 
(food poisoning) which produces a rapid ons!!t 
(within hours) of clinical signs or potentially 
p;l.thogenic bactcri ;l. which arc able to colo nize the 

intestines of eert :ai n individuals and produc!! 
d inicl signs some days latcr. 

oi,tsry hyp,rslnsUMfy 

Aetiology 
H ypcrsensiti\' iry implics an immunologic:!.1 
mcch;!.nism ;lS distinct from food intolc:r:ance that 
doa not. Food hypersensi tivi ty can prescnt as;l.n 
acute, potentially life- thre;!.tening anaphylactic 
reaction (very rar!!), e.g. pe;l.nut allergy in chil
dr!!n. Morc commonly immediate-type hyper
sensitivi ty is seen within sevenl hours of feeding. 
Delayed-typc hypersensitivi ty is tllought to be 
the most prevalent type of food :allergy in humans 
but is poorly characterized. Hypersensitivity 
occurs :!.Imost ucl usivcly to dietary proteins or 
glycoproteins and may not ;!. lw;!.ys result in 
intestinal signs. It is estinl3.ted that around 10% of 
allergic skin di sease is d ictary based (J ohnson, 
1987). Food hypcrsensi ti\' it)' can also affect the 
ncrvous, urinary or respi ratory systems (White, 
1986). 

In thc norm;!.1 animal, the mucoul immune sys
tem is presented with small 2mo unts of dict;!.f), 
protein ;l.bsorbcd by enterOC)'te endocytosis or via 
the M cdls ovcrlying the P!!yer's patches. This 
type o f present;l tion leads to tol!!ra.nce to that pro
lein by initialing a 'suppressor' T cd l responSC'. 
IgA anlibodi!!s arc produced against potent i;!.lIy 
humful antig!!ns and excreted imo th!! lum!!n 
where they pr!!vcnt absorptio n of th!! antigen. 
Should the ;l.nl igen enter the lamin2 propria it is 
complexcd with IgA (which is not complem!!nt 
fixi ng) and tr.tnsponoo to th!! liver for degrada
tion and excretion in th!! bile. 

Dam;!.ge to thc mucosal barrier l!!;l.ding to 
incre:l.Sed mucosal p!!rmeabilit ), may allow anti
gens to bypass thesc mucosal responses and 
init iate an inflammatory reaction involving the 
production o f IgG or IgE ;!. nt ibo<ii!!s (Bau and 
Hall, 1989). 

As dietary hypcrsensiti \' it), has an immuno
logical pathogenesis, cli nical signs are usu;llly not 
associated with 2 sudden ch;l.nge o f die t but occur 
towards ;l.nt igens to which the patient h;!.s been 
exposed for some lime (Johnson, 1987). 

There ;!.ppcus to be no ag!!, breed o r sex predis
position to dictaI'}' hypersensitivi ty although a 
bmili;l.] gluten scnsili\'e enteropuhy is d!!seribed 
in Irish sctters (B;!.1t c/ al .• 1984). Dicury hyper. 
S!!nSil i\'i ty towards milk, beef, mUllon, chick!!n. 
rabbit, horse, fish, eggs, canned food. cod li\'!!r o il 
;!. nd mic!! have been described in C;l.ts (Wills. 1991). 
Milk, be!!f, cheese. dry ;!.nd semi-moist dim and 
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cereals account for 80% of cases in dogs (August, 
1985). H ypersensitivity lO pork, chicken, egg and 
fish is, at present, comparatively rare. 

Clinical findings 
Asthma, scizures and cystitis have been reported 
to be associated with food hypersensitivity but 
vomiting, diarrhoea and skin lesions are consider
ably more common (Merchant and Taboada, 
1991). 

A number of chronic enteropathies have been 
associated with food hypersensi tivity including 
Iymphocytidplasmacytic lBO, eosinophilic 
enteritis and hypereosinophilic syndromc, idio
pathic colitis, HGE and gluten sensitive enteropa
thy (Hayden and Van Kruiningen, 1982; Ban et 
aL, 1984; Nelson et aL, 1984; Franklin et al., 1986; 
Simpson, 1994). Dermatological signs include 
pruritus (which tends to be poorly responsive to 
conicosteroid medication), papular eruptions, 
alopecia, u lf-trauma and secondary b:l.cterial 
inrections (August, \985). Skin lesions appear 
most frequently on the face, neck, cars, feet, axilla 
and ventral abdomen Uohnson. 1987). 

Diagnosis 
In addition lO the clinical signs describ«l. above 
dietary hypersensitivity is suggested by: 

• circulating eosinophilia; 
• depressed folate and cobalamin levels; 
• increased intestinal permeability (m;l.y be pre

sent when the only clinical signs are related to 
the skin and not the GIT); 

• histopathological changes suggesting lBO, 
~si nophilie enteritis or gluten-sensitive 
enterop;l.thy. 

Definitive diagnosis is based on response lO 
dietuy trials. This involves resolution of clinic;l.l 
signs on a suitable exclusion diet followed by 
recurrence on provocation with the original food . 
Ide;l.l diets contain single source proteins and 
non-gluten-containing carbohydrate. TI,ese can 
be given as preform«l. 'veterinary diets' or where 
possible home-made diets. As dietary therapy is 
becoming more widely used it is becoming 
increasingly difficult to find novel protein 
sources. For the majority of patients cottage 
cheese, chicken, rabbit or lamb are suitable. 

In order for therapy to be effective, exclusion of 
other foods needs to be total which can be 
extremely difficult in cars th;l.t roam outside. It 
should be emphasized to clients th ;l. t the diet and 
water should be fed to the exclusion of everything 
else. Exclusion should continue for at least three 
weeks and some cases m;l.y require up to 8-10 
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weeks before an improvement is seen. Provocative 
challenge is helpful in proving dietary involve
ment but many clients are understand;l.bly reluc
tant to do this. 

PrognOSis and management 
Management rel ies on exclusion of the offending 
antigen(s) from the diet. In many cases dietary 
hypersensitivity Illay be the result of underlying 
permeabili ty problems, in which case patients 
eventu:llly develop sensitivity to the new diet. The 
prognosis for such cases is much poorer. 

In the short term, corticosteroids and antihista
mines may be beneficial in some animals but 
arc rarely practical for long-term management 
(August, 1985). 

Food Inlo/erance 

Dietary intolerance is suggested by an historical 
association between ;I. particular food or food type 
and diarrhoea/vomiting, e.g. lactose intoler;l.nce in 
lactase-defi cient ;l.nimals. There is no documented 
evidence of an immunological mechanism and 
avoidance of that food prevents recurrence. 

Food Idiosyncrasy 

Adverse reactions to cenain food additives may 
produce a reaction similar to that associated with 
food hypersensitivi ty. Home cooked die15 usually 
prevent recurrence. 

Gluten-sensitive enteropathy 

A familial gluten-sensitive enteropathy has been 
defined in Irish seners (Hall and Ban , 1990) but 
gluten sensitivity is likely to affect a wider num
ber of dogs ;l.nd cats. Clinical signs relate to the 
malassimilation of nutrients. In Irish setters the 
disease is seen between 4 to 7 months of age as a 
failure to gain weight accompanied by chronic 
diarrhoea. Histopathology of intestinal biopsies 
shows villus atrophy and crypt hyperplasia with 
an inflammatory infiltrate in the lamina propria. 

Diagnosis is based on resolution of signs when 
the ;l.nimal is fed a gluten-free diet and recurrence 
of clinical signs when the d iet is withdrawn. The 
prognosis is generally good so long as the 
enteropathy is not advanced. 

• Proleln losing enleropalhy (PlE) 

PLE refers to group of conditions in which there 
is leakage of plasma proteins into the intestines. 
The leak;l.ge allows loss of both albumin and 
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T.b" 36.21 Potef'ltial causes of pfottin'losino ef'Iteropathy 

GlStric dlu.u Chronic oastntlS 
Gastf1C utceratlon 
Keoplasil 

Sm.iI Intestinal diuase InllJmmatory bowel disease 
EoslA~Mic entefi!is 
Parasllic ententls N.., ... 
LymPhanol8ctasia 
Haemonhaglc gastJoenterttJs 

L.,.. intestinal dliliU ColitIS (idiopathIC. ulcelltlVe. 
hlStJOCytic. granulomatous) N_ 

globulin inlo the intestinal lumen leOidi ng to the 
developmcnt of hypoproteinOlcmiOi. In the long
term, protcin loss may result in :ucites. pleural 
effusion OInd peripheral oedema (this usually 
occurs whcn the albumin concentration is less 
than 15 g I-I). 

PLE represcnts a progression of many intesti
nal diseases (fable 36.28) and generally worsens 
the prognosis for thcir successful management. 
Diagnosis of the underlying dise:ue is essential for 
5uccessfulthenpy. 

In cont rast, hypoprotcinaemia secondary to 
liver failu re or glomcruloneph ropathy results in 
the preferential loss of ;llbumin . Globulin levels 
are usually normal or raised. 

Lymph.nDI.dISJa 

Lymphangicctasia is a chronic disease of the 
intestines associated with dilation and rupture of 
the lymphatic vessels in the villi, mucosa, submu-

T.ble 3&.8 Aetiology of Iymphanoiectasla 

Heredit.ry 

Primary Iympb.lic 
dlslasl 

Second.ry to spl.mlt 
dlst ... 

NofWeOlan lufllkhund 
YOlkSttireleflier 
Basenji 
Cooo!nltal abnol'mallty 01 
IIUestuwl)'mpNbcs 
ExtralAlestfnallympha\lC 
abnormality 
LymphanoltlS 
LympnatJc obstructIOn 
(inftam/TlibOfl, neoplasia, 
extratymphatiC mass) 
COf1oeStlVe heart failure 
Constrictive pericarditis 
Portal hypertension 

cosa and serosa which results in significant loss of 
plasma proteins (Burns, 1982; Shcrding, 1986). In 
indi,·idual cases the aetiology is unknown but it 
may arise as a result of primary lymphatic disease 
or secondary to other systemic diseases (Table 
36.29). Norwegian lundehund, Yorkshi re terriers 
and Basenjis are predisposed but there is no age or 
sex predisposition. Lymphangiectasia is a signifi 
cant PLE. HypoprotC"inaemia, hypocholesterol
aemia, lymphopenia and reduced secretion of IgA 
predispose to bacterial overgrowth and sccondary 
bacterial inf«tions (Suter et al., 1985; Fossum, 
1989). SignificOim loss of specific proteins mily 
occur such as antithrombin III which may resuh 
in thromboembolism. 

ClinIcal findings 
The clinical presemation is usuall y Iypical of a 
PLE but chronic malabsorpt ion of fat and fat sol
uble ,·itamins may be of significance. The major
ity of cases present with diarrhoca and weight 
loss. Initially animals can be polyphagic but they 
become inappctam with advancing disease. 
Occasionally an animal presents without a history 
of di;arrhoea but with marked weight loss, 
anaemia and fluid effusions. 

DI.gnosls 
History and clinical signs strongly suggest a PLE. 
PI:uma concentrations of folate and cobalamin are 
usually low. sma is common. Hypocalcaemia 
may be present. even when correction for the 
hypoalbuminaemiOi is made, due to hypO\·ita
minosis O. Permeability testing is ;abnormal 
(Table 36.3). Uhr:uonography reveals thickening 
of the small inteSlinal wall with values greater 
than 5 mm in dogs and 3 mm in cats. A definitive 
diagnosis is based on hislOlogiC21 cxamination of 
biopsy matcrial. At endoscopy the small intC$tine 
may appear more granular and patches of white, 
lipid-fillcd dilated vi lli may be present. Biopsy 
reveals dilation of the lacteals, a degree of ,·illus 
atrophy and crypt hyperplasia (Batt and Hall, 
1989). In some cases diagnosis can on ly be made 
from full thickness biopsies which demonstrate 
submucosal lymphatic obstruction. Surgical 
biopsies carry an increased risk of dehiscence as 
most patients are debilitated and markedly 
h ypoalbuminaemic. 

Treatment 
Regardless of cause, lymphangiectasia carries a 
guarded prognosis since the individual response 
to treatment is unpredictable and very variable. 

Prednisolone at I mg klf' bid ill combination 
with tylosin may be of value in reducing inflam-
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mnion and co ntrolling secondary bacterial over· 
growth. A low fat, highly digestible diet is essen· 
cial. Caloric intake can be increased with careful 
addition of medium chain triglycerides (e.g. 1-
2 ml klf1 coconut oil) as medium-chain triglyc
erides are absorbed directly into the portal circu
Inion (Sherding, 1986; Fossum, 1989). Protein 
intake can be increased with lo w fat conage 
cheese. Any dietary change needs to be intro
duced slowly. 

I Volvulus and strangulation olthe 
smalllntniine 

Volvulus, torsion or strangulation of the bowel 
results in rapid ischaemia ;tnd an acute abdo min;tl 
crisis. If tissue becomes tf'3.nsiendy ischaemic, sig
nificant reperfusion injury may occur following 
surgic.tl correction. Small intestinal volvulus is 
rare and is more common in German shepherd 
dogs (EPI may be a possible predisposing factor 
in this breed). C linical signs. consistent with 
intestinal obstruction, include vomiting, anorexia, 
pain and defecation of small amounts of bloody 
faeces. Radiographically there ;tte gas-filled dis
tended loops of bowel. Mortali ty rates arc high 
:md efforts should be m;tde to reduce the risk o f 
reperiusion injury by al lowing a gradual return of 
the b lood supply to the affected loops of bowel. 
Treatment consists of surgical corre<: tion and/o r 
rescctlon. 

Small intestinal strangulation can occur foll ow
ing abdominal tears, hernias or adhesions. The 
umbilic.tl and inguinal regions arc commo n sites 
after abdominal trauma. 

• Short bowet syndrome 

Short bowel syndrome in dogs and cats is gener
ally iatrogenic. It is a sequel to radical bowel 
resection in cases of intussusception, volvulus or 
strangulation where more than 85% of the small 
bowd is removed. Malabsorption results in 
chro nic diarrhoea, weight loss, S180 and foul 
smelling faeces . Following radical bowel resection 
mucosal hyperplasia attempts to replace the lost 
surface area but this may take several weeks to 

months. Highly digestible, low fat diets arc indi
cated and small quantities of gel-forming fibre 
may help. Parenter.l. l cobalamin o r folate 
supplementation may be required if the specific 
absorptive sites have been lost. Broad-spectrum 
antibacterial agents can be given to treat the SIBO 
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and H I blockers to treal gastric hyperacidity if 
necessary. C holesty ramine may help to bind 
malabsorbcd bile acids but can lead to taurine 
depletion in Cats. Lo peramide may reduce the 
severity o f the diarrhoea. 

I Motility disorders 01 the sma It 
Intesltne 

Adynamic Ileus 

A transient lack of small intestinal peristalsis 
results in pooling of intestinal contents in the 
dependent areas of the GIT. A variety of causes of 
ad ynamic ileus are described including abdominal 
surgery, electrolyte imbalance, inflammation of 
the intestinal tract, pancreas, peritoneum o r other 
abdominal organs. Canine parvovirus, autonomic 
neuropathies and anticholinergic drugs may also 
cause adynamic ileus. Clinical signs include 
anorexia, vomiting, depression, mild abdominal 
dis tension and pain due to the accumulation o f gas 
in the hypomotile bowel. 

Auscultalion reveals a lack o f gUI sounds and 
abdominal radiographs usually show d istended 
loops o f gas· and flu id-filled intestine. Gl transi t 
time is delayed with ;1 tendency to retain BIPS in 
the stomach o r to scatter them along the length o f 
the G IT. 

T reatment relics on identification o f the 
primary cause. Prokinetic drugs such as meto
clopramide or cisapride may be helpful. 

• IntestiRal neoplasia 

A variety of tumours may be associated with the 
small intestine. The majority are primary tumo urs 
and, of these. adenocarcinoma (Fig. 36.20), lym
phosarcoma (Fig. 36.21), adenoma, adenomatous 
polyps and leiomyosarcoma are most commonly 
repon ed (H ead and Else, 1981 ). The tumo ur may 
cause partial or total obstruction, or mucosal 
in\'asion may resuh in maldigestion ;md malab
sorption. Siamese cats appear to be predisposed to 
adenocarcinoma. 

Adenocarcinomas arc most frequently seen as 
mass lesions in middle aged to o lder animals. 
They present as obstructive lesions and are fre
quently ulcerated leading to melaena. The clinical 
signs are typically insidious in onset with increas
ing frequency of vomiting, diarrhoea and weight 
loss. Diagnosis is based on abdominal palpatio n, 
radiographic abnormal it ies and the results of fine 

Avtorsko zasc !e'lO gradivo 
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• b 

Figure 36 .2D Ultrasound images of diffuse thickening of the small intestinal waH (a) and the presence of a mass within 
the bladder waif (b) in an a-year-old, neutered. female Staffordshire bull terrier which presented with a four-month 
history of vomiting. diarrhoea and weiglltloss. A diagnosis 01 a metaslatic intestinal adenocarcinoma WilS made on 
hIstopathological examination of bIopsies obtained at coeliotomy. 

Figure 36.21 Diffuse thickening of the small intestinal 
(51) wall and free peritoneal fluid (PF) in an a-year-old, 
mate Rottwelter dog which presented with a one-month 
history 01 weight loss and diarrhoea. A diagnosis of 
lymphosarcoma was made on cytological examination 01 
ultrasound-lJuided line needle aspirates 01 the thickened 
intestinat walt. The pt!fitoneat Ituld was a septic exudate. 

needle aspira.tion cytology or histological Coumi
nation of biopsy material obtained percuta
neously o r al exploratory laparotomy. M:lny 
caSeS h:l \'c al ready nlel:lsl:Isized to the regional 
lymph nodes and mo re distant tissues by lhe lime 
of presentation. Where appropriatc, surgical 
removal with adjuncti\'e chemotherapy o ffers the 
best prognosis. 

Lymphosarcomas arc more common in you ng 
adult dogs and catS. They can presenl as :In 
obstructi \·(, mass lesion but more commonly dif-

fusely invade the mucosa causing chronic diar
rhoca, weight loss and PLE in advanced cases. 
Approximately 30% of cats arc FelV positive and 
FIV-associ:lted IU mours have also been described. 
Palpable thickening o f Ihe small intestines occurs 
and usually there is evidence of malabsorption 
and, in some cases, bacterial overgrowth. 
Diagnosis is bued on nne-needle aspiration 
cytology or histological examination of biopsy 
material taken either endoscopically or during 
surgery. Alimenlary lymphosarcoma carries a 
grave prognosis. Solitary nodular masses can be 
resecled and Ihe animal can be given adjunctive 
chemotherapy. Su.ndard chemotherapy protocols 
have been used for Ihc trealmem of diffuse lym
phosarcoma but the resul ts have genel';llly been 
disappoiming. 

I COLONIC DISEASE 

• 1.lrodoclio. 

Food residues normally reach the colon 4--6 h 
after food is ingesled and remain in the colon for 
24--48 h. The colon aclS 10 conserve water by 
absorbing fluid and c1crtrolytes from the ileal 
residues. The majorit), of absorption occurs in the 
ascending and transverse colon where segmemed 
eontl';letions and retrogl';lde peristalsis retain and 
mix the ileal residue (Burrows and Merritt, 1983). 
The colon has a functional reserve which can 
assist in water absorption in the presence of small 
intestin;al disease. 

Once adequate water absorption has occurred. 
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Figure 36.22 Diagram of the microscopic 
anatomy of the colon. 

CoIumnat epithelial cell 

Inlra-epitheliallymphocyle 

-1- easement membrane 

peristalsis sweeps the colonic residue into the 
descending colon for storage prior to defecation. 
Faecal material is normally not present in the 
post-pelvic colon. The passage of faeces 3.long the 
colon is facilitated by the large amountS' of mucus 
produced by the goblet cells. The main stimulus 
fo r colonic contraction is distension of the lumen. 

The colonic mucosa is fo lded into a series of 
crypts wh ich contai n many mucus-secreting cells 
but no villi (Fig. 36.22). Unlike the small intestine. 
the lymphoid tissue is not arranged in a series of 
p:nchcs but is spread throughout the colon as 
lymphoid aggregates. 

Colonic disease resulu in a disruption of the 
normal absorptive capacity, lubrication and 
moti lity of the colon and is characterized by 
watery diarrhoea, haematochczia, dyschezia, 
tenesmus, excess mucus production, constipation 
and megacolon. 

• Colit is 

Aetiology 

Inflammatory discase of the colon can be scen 
alone or :u part of a more generalized gastro
enterocolitis. If signs of colitis persist for more 
than three weeks duration it is generally consid
ered 10 be chronic. 

Colitis h:u generally been classified according 

to the predominant cellular infiltratc rather than 
by aetiology (T 3.ble 36.30). The pathogenesis of 
colitis is poorly understood and it is not known 
whether the histological ch3.nges represent differ
ent clinical conditions or different stages of the 
same condition or variations in expression of a 
few conditions. 

Various aetiological agents have been suggested 
including viruses, fungi and bacteria, Trichlfris 
fm/pis, renal failure and dietary hyperscnsitivity 
(Bolton and Brown, 1972; Nelson I't a/., 1984; 
Simpson and Else, 1991c). An ulcerative colitis 
has been described in F IV -positive specific 
pathogen free cats (StufBess, 19(7). The involve
ment of the immune sysu:m is clear 3.nd many 
forms of colitis respond 10 metronidnole which 
may act by suppressing cell-mediated immunity 
(Tams, 1987). Dietary hypersensitivity may also 
playa significant role as clinical improvement has 
been seen with 'hypoallergenic' diets (Nelson et 

Table 36.38 ClassificaUon 01 canine and feline COlitis 

• IdiOpathic, non·ulcerative colitis 
• Eosiooptlilic colitiS 
• Histiocytic colitiS 
• Granulomatous colrtis 
• ParaSitic ctllitis 
• (Mycotic colitIS) 
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ai., 1984; Simpson et al .• 1994). However, the 
colon is unlikely 10 be a major sile for thc devel
opmcl1I of d iClary sensi tivi t y . 

Idlop.lhlc colllls 
Non-ulcer:ni\'e idiopathic colitis is relatively 
common in dogs (Bush, 1985) but r:are in cau 
(Rutgers. 1989). II is dlar:acteriud by a Iympho
cytidplasmacytic infiltr:ate of the muco$;). and 
submucosa. As the diseasc progrcs5C5 fibrosis 
occurs which can lead 10 stricture formation. 

In general. colitis appears to be: morc common 
in young. adult dogs. There is no sex predisposi
tion but Gemlan shepherds, golden retrievers and 
rough coll ies are to be over-represented. 

EoslnophUic colitis 
Eosinophilic colitis may occur a. lone or as part of 
a more generalized eosinophilic (gastro)cntero
colitis or hypereosinophilic sy ndrome. An 
accompanying circulating cosinophilia is com
mon. This condition can result in colonic ulcer:!
tion and diarrhoca corna.ining fresh blood. 

Hlsllocytlc colitis 
H iStiocytic colitis is chancterized by ulcemion 
and infiltr:ation of the mucosa and submucosa 
with periodic acid-Schiff-positi"e macrophag('$ 
or hiniocytes. Boxers are predisposed to histio
cytic colitis but there ha"e also bet-n reportS in 
French bulldog (Bush. 1985) and in a cat (Van 
Kruiningen and Dobbins, 1979). 

Granu lom.lous colllls 
Granulomatous colitis tends to cause focal, proM
er:ative lesions char:acterized by infihn.cion with 
macro phages, giant cells. lymphocytes and plasma 
cells. It probably represenu a distinct enlil}' 
al though some workers fed that it sho ws similar 
features to cases of histiocytic and eosinophilic 
colitis (Van Kruiningen n ai., 1983). Granu lo
matous colitis shows similarities to Crohn 's dis
ease in humans (Ewi ng and Go mez, 197]). 

Clinic,' signs 

The onset of signs is typically associated with 
Str('$S o r excitement (Bush, 1985). Dogs and cats 
remain bright and alert, have a normal appetite 
and do not lose weight. The diarrhoea can vary 
from watery to mucoid and jelly-l ike with fresh 
blood. The blood is typically mixed with the stool 
in COntrast to recral or anal lesions when the blood 
lies on the surface of formed faeces (haemato
che7_ia). Vomiting may occur in approximately 
30% of cases and is due to vagal stimulation of thc 
vomiting centre rather than tl'1lnsmural spread of 

the inflammation causi ng concurrent gastritis. 
Many animals exhibit tenesmus (Simpson, 1996), 
dyschezia, and incrca5ed urgency and frequency 
of defecation. 

Ulcewion lIlay be a5sociated with eosinophilic, 
hiniocytic or gl'1lnulomatous colitis (it is rare in 
Iymphocyticlplasmacytic disease) and results in 
significant haematoche7.ia a.nd d yschezia. Pyrexia 
is seen in some caoWs of granulo matous col itis. 

OiagnDsls 

Faecal examination for cndoparuiles and b;lcte· 
ria, particularly Salmon~/la spp., Campy/obacter 
spp. :md Tn.hunt till/pit , should be carried OUt. 
Shedding of oocyst's in T. flllipu infections is 
intermittent and therefore the condition may not 
be readily diagnosed. 

Breath hydrogen studies and measurement o f 
plasma folate and cobalamin concentratio ns may 
help to rule out cases of SIBO prestnting with 
large bowel signs. Plain radiogr:aphy is r:uely 
rewarding. A double COntl'1lSt cnema may identify 
the presence of a stricture or consistcnt munl 
Icsion. 

Definitive diagnosis o f colonic disease requir('$ 
endoscopy and biopsy. Endoscopy will reveal the 
presence of uicerati,'e changes and l11ucosalthick· 
ening which is sten as a gnnular or cobbl('$ tone 
appe.ara.nce with poor visibilit,y o f tile submucosal 
blood vessels. The muco5.1. may be friab le and 
bleed easily when touched by the endoscope. 
Multiple biopsies should be taken frol11 regions 
where there is o bvious pathology. If no macro· 
scopic lesions are evident serial biopsies should be 
obta.ined from the entire length o f the colon. 

Histological changes include inflammatory cell 
infiltration of the lamina propria. goblet cell 
hyperplasia and increased numbers of intra.epi
thelial lymphocytes (a non-specific response to 
inflammatio n). Occasional mixed infil tn.tes arc 
observed (van Ocr Gaag et aI., 1990) which may 
support a common aetiology for colitis. Mucosal 
whipworm Iar\'ae may be present in cases of para
sitic colitis. 

r". tm. nt 
Initi.ally, control of colit is should be attempted 
using sulphasalazine and dietary ther:apy 
(Ridgeway, 19804). The dose for sulpha5.1.lazine is 
as follows: 

• Dogs 12.5 mg kg-' p.o. qid fo r 14 d.ays then 
t2.S mg kif' p.o. bid for 28 days; 

• CatS 10-20 mg kg-' p.o. sid for 14 days. 

, dNO 



Keratoco njunctivitis sicca (KCS) is a major 
potential complication of sulphasalazine thcrapy 
and [ear production should be checked before and 
at regular intervals during treatment in dogs. If 
tear production decreases drug therapy should be 
withdrawn. 

Newer aminosalicylates, mesalazine and 
olsalazine which contain 5·aminosalicylate are 
reported to have a reduced risk of causing KCS 
{Bamen 2nd Joseph, 1987} but tear production 
should still be monitored . T 2blets are enteric 
coated so are unsuitable for smaller dogs and cats. 
Sulphasalazine is unlikely to be effective in 
eosinophilic or granulomatous colitis. 

If the response to sulphasalazine is poor, or in 
cases of eosinophilic or granulomatous colitis, 
then immunosuppressive doses of corticosteroids 
can be used alone o r as an adjunctive therapy. In 
the most severe cases azathioprine may be 
required (contraindicated in cats). 

Chronic corticosteroid therapy can also be 
giyen rectally as enema o r foam preparations. 
Enemas are generally better tolerated by the 
patients and allow topical administration of cor· 
cic05leroids and reduction of the total dose. 
Tylosin has p roven useful in the management of 
granulomatous colitis. 

Diet plays an important pan in the therapy o f 
colitis. Currently. select protein 'hypoallergenic' 
diets are fayourC'd in the treatment of colitis rather 
than low residue or high fibre diets due to 
the possible role of dietary hypersensitivity. 
H ypoallergenic diets also tend to be low residue. 
A protein source to which the patient has not pre· 
viously been exposed (Nelson t!l ai., 1984) should 
be fed . The use of such dicu has improved periods 
of drug-free remission (Simpson el al., 1994) in 
cases of chronic colitis. 

Despite treatment, relapses arc common and 
the aim is to man;age r;ather than cure the condi· 
tion. In general the lymphocyticlplasm;acytic ;and 
eosinophilic forms of colitis in dogs respond well 
to treatment whereas granulomatous and histio
cytic colitis is less responsive. 

• Irritable bowel syndrome (18S) 

A.llology 
A significant minority (up to ;aboU[ 170/0) of cas~s 
of large bowel diarrhoea (H cnroteaux, 1990) will 
show no histological evidence of inflammatory 
disease. This group may have a motility disorder 
causing a functional diarrhoea with clinical signs 
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being worsened or initi;ated by stress. Most 
affected individuals do not have an ovenly abnor· 
mal environment, r;ather ISS :aPPC;1ts to refl ect an 
abnormal stress response to common events. 

The disorder is seen in all ages and breeds of 
dog but appears to be mo re common in working 
dogs or highly excitable or nervous ;anim;als. 
Many dogs may have the potential to develop IBS 
but because of their sedentary lifestyle problcms 
never become apparent. 

Clinical pressntatlon 

Typically cases have a long history of intermit
tent, non-responsive diarrhoea (soft stools) with 
episodes of acute exacerbation. Despite th is there 
is little or no deu:rior31ion in physical condition 
and the ;animal remains appetant, bright and alert. 
During acute episodes, the diarrhoea tends to be 
watery and mucoid but rarely bloody. Excessive 
borborygmi, flatule nce, tenesmus and ;abdomin31 
discomfort may be seen. 

Rarely, dogs may present with dyschezia or 
constipation associated with colonic spasm. The 
history m;ay also rcyeal some alteration to the 
dog's lifestyle such as moving house, the arrinl of 
a baby o r a working dog undergoi ng tnining. 

Diagnosis 

Diagnosis is based o n exclusion of other causes of 
the clinical signs and identifying an association 
with a change in lifestyle. If remoyal of that 
change results in cl inical improvement then a 
diagnosis of IBS is supported. 

Treatment 
Where possible environmental change should be 
minimized. Diel;ary change lO a low allergcn. low 
fat, highly digestible, low fermemabiliry diet 
achieves thc most promising results. The tradi
tional high fibre diets used in IBS m;ay exacerbate 
the signs in some dogs. 

Various types of pharmacological m;an;agement 
have been used. Motility modifiers such as cis
apride o r mebcvcrine hydrochloride (an antispas
modic; 2 mg kif' p.o. tid) have variable success . 
Diphenoxyl;ate and loperamidc arc sometimes 
helpful in Ihe shott lerm (Chi;apd la, 1986). The 
use of anxiolytic drugs such as dinepam may :llso 
be helpful in restoring no rmal faecal consislCncy 
during;a period of ;acute disease. Many uscs will 
improve as thc dog gels o lder but Ihe prognosis 
remains guarded unless the underlying c;ause can 
be idenlified ;and removed. 

Avtorsko zas!!: !e'lO gradivo 
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• Consllpatlon 

Aetiology 

Cooslip;uion t~n be defined u the :IobSC'nee of 
dl.'f:l.n;~tion (obnip.uion is intneubll.' eonstip:l. 
tion). h is impon:lom to differl.'mi:l.tl.' :Ion enlHged 
colon dul.' 10 eonSlip:lotion from :Ion enl:l.rged tolon 
due 10 m'1;.leolo n Ihu subscquemly becomes 
imp:l.eted. Constip~lion occurs when thl.'rl.' is 
interference with the pUS:l.ge of faeees Ihrough 
Ihl.' rn;tuIII .llld :Ionus (Fig. 36.2J). 

Retention of f.lee" in Ihe oolon r"ulu in fur
Ihl.'r W.lll'r .:I.bsorplion lII.:I.king Ihe bccrs h~rdcr 
:Iond less deform.:l.blc ~nd Ihus more difficult 10 

pus. iniliJlly there will be tonsider.1ble effom 10 

deht'(::Iote but wilh lime Ihese rHorts will diminish 
which musl Oot bc imcrpreled :105 improvemem. 
With lime colonic 11101ility diminish". intrinsic 
neurone, degeoentc and meglcolon de\"elops. 

CliniClilindlngs 

Dogs:loTe usu:l.lly preSC'nted earli ,'r in the course of 
diSC':Io,e '1.5 tlie owner notices their .:I.llempu 10 

deft'(:.:I.te. Animals wi ll oceuion.:l.lI y "omil :Iond 
may produce ribbon-like f:loeees if there is p:lorti:l.l 
obnruetion t :l.used by JX'h'ie lesions or prosIOuic 
diseue. Some elSCI prC5t"nt wilh .:I.pparent diu
rhoc:lo u :I. 5111:1.11 .:I.mount of watery mucoid maler
il l is :1.11 Ihal is produced. C.:I.IS tl.'nd 10 pll'S('nl 
with more ad'·.lnecd diSC'aSC' as llieir eonstip:lotion 
lends 10 rem.l;n unobsc-rvc:d as Ihe), .:I.lIcmpl 10 

dcfC'C:IoIc.' outside. 

FIgure 36.23 Constipation In a t (}.year·old remale cross· 
bred dog which presented with a one·year history 01 
laecaltelleSmus. Note Itle mineraI density 01 the faeces 
IndicaliOO the chronicity of tile constipalion and tile thin 
line 01 faeces (a llOWS) In tile terminal COlon cau5e1:l by an 
obstructive adenocarcinoma. 

Con5lip.:l.ted anim:lols lIlay bceome anorexic and 
depressed and ma), show e,·idenee of :Iobdolllinal 
pam. 

O/~gnosls 

A diagnosis of conslipalion can usu~lIy be m:l.de 
00 physical I.'x:lmin ... tion bUI further dfons 
should Ihen bc m:l.de 10 definl.' the underlying 
cause. This should include ... neurological eumi
nation, peh'ic and lumboucnl r~diogr~phs, a 
serum biochemistry profile including clccltol),les, 
:lSS('ssment of hydr:lolion SI~tUS .:I.nd rccul enmi· 
n"'lion (if possible). 

Trealment 

Rehydr"'lion of the p"'lient is lin eS$('l1ti:lo1 first 
Stcp. Se\"erely constipated animals ma), have to bc 
anaes thetizcd 10 allow lubricalcd wnm w.:l.le r 
enemas to be gi\"cn and for Ihc faecal man to be 
gCIIII)' broken down by m:l.nu ... 1 fr:loglnenlation. 
LaclUlose, liquid p:l.nffin. docusate sodiulIl 
(Sherding, t 990) or saline will aid thc soflening 
and lubrie.ltion process. Soap)' enemu should be 
avoided as Ihey will irnl:lote the colon (Hoskins. 
1990). Phosph:l.te enemu :l.nd brge volumes of 
glycerine are toxic in call ;and should not be used. 
On r;are occasions .:I. cocliOlonlY ;and colotomy 
m~)' be required 10 remo,'e "ery h;ardened toncre
lioos p.mieuhrly in C:lol$. 

Pre" enlion o f con5lip:l.tiol1 ill\'oh'e5 correction 
of Ih" underl )";nt; c~usc- . in.crr.lSing exercise I.,vels. 
pro \·iding a high fibre (> 10% df)' matter) diet 
and minimizing predisposing e:l.u$('S by regular 
grooming and remo\";!;1 o f ectop:lorasites. 

Continuous long. term use o f lauti\"es should 
be :Io\'oidcd as Ihey e.ln C.lUSC' incrl.':lsed intestinal 
fluid loss. A widr ,'ariety of I ... xati\"" are a\"ail.:l.ble 
(Sherding, 199-4): bulk-forming hut;\·cs are 
prdl.'r.lble for longer-term uSC'. 

Pscudocoprostuis is most common in long
h.lired dogs and C.:l.I$. Cardu I r.,lIIoval o f tire fat'(::l.1 
mass under sed.:l.tion genenl .:I.naesthetic should be 
performed. T nppcd faeces m;ay then be expelled 
with some forcel The hai r covering Ihe perianal 
region should subsequently be kept shon and any 
faC'Cai soiling of the perineum cleaned away 
immcdi.lleiy. 

• Megacolon 

AItiology 

Congen;t ... 1 :l.nd ~equired megacolon are sel.'n in 
both dogs and (.lU. CatS appcu to be more 



frequcntly affected th3.n dogs. The condition is 
ch3.f3cterized by 3. dilated hypomotile colon. 

Congcnital dise3.Sc is associated with thc 
3.bsence o f the myenteric plexus and an aganglio
sis of the distal colon or rectum (Webb, 1985). 
This rC$ultS in a st:l.te o f conSllnt tOne and 
pseudo-obstruction leading to dilation of the 
colon proximally, chronic constipation and then 
devc:lo pment o f a megacolon (Burrows, 1986b). 
Loss of enteric hormones such as VIP and sub
stance P may also lead to megacolon. Interference 
with the norm3.1 defecation reflex may occur in 
animals with sacral spinal cord defectS. 

Acquired megacolon may follow a variety of 
causes which result in chronic constipation and 
ultim:llely loss of tone within the colonic muscu
lature (fable 36,31). 

Clinical findings 

Clinically, megacolon presents identically to con
slipation. In some cases, where the megacolon is 
due to d ysauto nomia. other systemic signs may be 

Table 36.31 causes of constipation in cats and dogs 
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evident, e.g. megaoesophagus, prominent third 
eyelids. lack of tear and saliva production. A C3rC
ful neurological examination should be performed 
to identify any associated deficits in bladder or 
hind limb function. 

Diagnosis 
A diagnosis of constipation is made if the colon 
remains flaccid and fai ls to COntract aftcr rcmoval 
of the faecal material. Congenital megacolon 
requires excisional biopsy to demonstrate agan
gliosis. 

Trealment 

II is rarely possible to restore colonic motility and 
constipation rapidly recurs. Bulking agcnu and 
prokinetic drugs. such as cisapride and bethane
chol (Davis and Baggm, 1980), may help but fre 
quently fail to elicit a response. Bethanechol can 
be given a l 0.25 mg klfl p.o. tid to dogs and I 
S mg carl p.o. tid. Ultimately many cases require 
sublOlal colectomy (Webb. 1985; Brighl et al., 

Dietary Indigestible malerial. e.g. bone. fur, wool 
Low residue diels 

tnadlvily 

Psychological 

Dltlltutly In pO$1uringto delecate 

Paintut anorectal conditions 

Anoredal obstruction 

Migacoion 

Fluid/electrolyte imbatance 

Drug·related 

Obesity 
Ke nne IIll)Q1hospita liza tlOn 

T erntorlal competition 
~irty liner tray 

Neurological defiCIts 
Orthopaedic disease, e.g. hip dysplaSia, spmal pam, pelvic fractures 

Anal sac disease 
Anorectal stricture 
Perianal bUe woullds 
Psf!udocoprostasis (faeces impacted around allus) 

ExtraJuminal, e.g. fractures. pelviC. intrapelvic or perill6l1 masses 
Intraluminal, B.g. perilleal hernia, rectal prolapse. laeeolith 

Idiopathic 
Dysautonomia 
Lumbosacral neurological disease 
Hypothyroidism 

Dehydration 
Hypokalaemia 
Hyper- 01 hypocalcaemia 

Anticholinergics 
Opiolds 
Sucra]fate 
Barium 
Aluminium hydroxide antacidS 
calcium chanllel btockers 
Antihistamines 
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1986). A decision regarding surgery should not be 
delayed 100 long as a megacolon of greater than 
si ;>; mo nths $landing responds less well to surgery. 
Chronic diarrhoea may follow surgery but usu· 
ally resolves. Where possible the ileocolic valve 
should be left in pbce 10 prevent ascending infec· 
lion. Surgery in dogs tends to be less successful 
than in cats. 

• Colonic neoplasia 

Adenocarcinoma. lymphosarcoma and polyps arc 
the most common colonic rumours in cats and 
dogs (Head and Else, 1981 ). In one slUdy, there 
appeared an association between neoplasia and 
low fibre diels, ste:uorrhoea and colitis (Crow, 
1985). FeLV and FIV can be involved in the 
pathogenesis in cats. 

Adenocarci nomas (Fig. 36.2-1) lend 10 be focal 
lesions which frequently ulcerate becoming sec· 
ondarily infected and causing obstruction of the 
colon. The majority of lesions arc found in the 
terminal colon and reClUrn. Metastatic spread to 
the sublumbar lymph nodes and beyond is 
common. 

Lymphosarcomas arc generally diffuse ;l.nd m;l.y 
involve the entire colon. They rarely ulcerate or 
cause obstruction but they interfere with water 
and e1eclfolyte reabsorption fro m the faeces. 

Polyps arc benign and only significant if they 
cause obstruction or bleed. They arc commo nly 
found in the rectum. 

Figure 36 .24 localized thickening 01 the colon due to a 
well·different iated adenocarcinoma in a la-year-old 
female crossbred dog which presented with a one-year 
history of faecal tenesmus and fresh blood in the sloat 
lI , large intestine; arrows indicate the margins of the 
large intestinal wall. 

Clinical findings 

Clinical signs especially of obstruction and 
constipation can appear suddenly even though 
the growth of the tumour has been slow. 
Adenocarcinomas and polyps cause obstructive 
signs, c.g. tenesmus and d yschezia whereas Iym· 
phosarcoma is more likely to cause w;l.tery diar· 
rhoca. Lymphosarcomas and adenocarcinomas 
are associated with marked wasting and progres· 
sive loss of colonic function . 

Diagnosis 

Neoplasia is suggested based on physical exami 
natio n. contraSt radiography (adenocarcinomas 
typically produce an apple core filling defect), 
ultrasonography and endoscopic appearance. 
Definiti ve diagnosis relics on cytology of ultra
sound·guided fine needle aspirates or histological 
eX;l.mination of percutaneous lru-CU! or endo
scopic biopsies. Adenocarcinomas appear as 
discrete o ften ulcerated lesions whereas 
lymphosarcomas impart a more granular appear
ance [ 0 the colonic mucosa. Polyps appear as 
pedunculate lesions extending from the rectal 
wall. 

Trsstment 

Polyps can be removed surgicall y though they 
occasionally regrow. Neither lymphosarcomas 
nor adenocarcinomas respond well to su rgical or 
chemotherapeutic management. 

I DISEASES OF THE ANORECTAL 
_ REGIDN 

• Faecal Inconlinence 

Faecal incontinence is a serious problem with 
SO% o f pets being euthanased wilhin a few days 
o f its onset. The majorit), o f animals arc elderly. 
True faecal incontinence is caused by anal sphinc· 
ter failure. Reservo ir incontinence where animals 
have a poor capacity 10 store faeces is character· 
ized by frequem conscious voiding rathcr than 
the passive dribbling of faeces. 

Aetiology 

Faecal incontinence can be ca.used by loc:ll prob· 
lems associated with primary sphincter dysfunc
tio n, e.g. inflammatory lesions, poshlnal surgery, 
o r secondary to neoplasia. Sphincter dysfun ction 
may also occur due to neuromuscular disease, e.g. 



neuropathies, myopathies, eNS disease and cauda 
equina syndromes. In old animals sphincler lone 
is poor and animaL! with diarrhoea arc more likely 
to b«ome incontinent. 

DI.gnOlls 

It is important to try and define Ihe primary cause 
of the incontinence. This may require extensive 
medical and neu rological invC!ilig:uions. 

T",'m,n' 
Where possible this should be directed lowards 
the primary disease. Where the cause is inapparent 
or untreatable. surgical implantation of a perianal 
silastic sling has been shown 10 be of value. 
Medical therapy shou ld be aimed at reducing fae
cal water and faecal bulk, slowing transil lime and 
increasing sphincter tone. This can be achieved 
with opiate motility modifiers (Table 36.25) or 
alp~a-adrenergic agonislS. e.g. pheny\propanol
amme. 

• Rectal stricture 

Rectal strictures arc relatively common in dogs 
but ra.re in cats. They can be congenital or 
acquirw. The most common cause of acquired 
stricture formation is post-anorectal surgery, bUI 
tra.uma, severe innammalory disease of the large 
bowel and rumours are also reported (Scim, 1986). 
The tenesmus that the stricture causes induces 
further innamm:uion and fibrosis. 

Cllnl&ll findings 

Dogs present wilh a history of episodic tenesmus, 
dyschez.ia, haematochezia and the passage of 
ribbon-like faeces. P:lin may be marked with the 
2nim21 crying as it anempts to defecate. 

DI.gnDsls 

Strictures can usu:llly be identified on rectal 
examination as a narrow band of tissue encom
passing the rectum. Colonoscopy should be 
performw to rule OUt neopl:l!i:l. 

T,,,'m,nl 
In the absence of neoplasia the fibrous band can 
be broken down under general anaesthesia and 
prednisolone 2t 1 mg kg-I day-' given 10 minimize 
the chances of recurrence. Bulking agents should 
be used to produce soft well-formed faeces. 
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Many strictures do, unfortunately, reform :lnd 
surgical resection may be required which predis
poses the animal to ncc21 incontinence. Surgery is 
also indicated if there is neoplasia. 

• Proelilis 

Innammation of the rectum usually accomp:mies 
colitis but it occasionally occurs in isolation. 
C linically the animal may present with tenesmus 
and dyschezi:l without diarrhoea. Biopsy usually 
reveals a lymphocyticlplasmacYlic infihrate bUI 
eosinophilic infiltrates and focal Suppuf2tive 
lesions arc occasion:llly seen, Treatment consists 
of feeding a low allergy diet cont:lining fer
mentable fib re, and 5ulphasal:lzi ne. $e\'ere cues 
may require intl'1ltectal corticosteroid cnemas. 

• Perineal hernia 

Perineal hemi.u :lre rdatively common in oldcr, 
particularly male, dogs and :lre occuionally secn in 
elts. The pelvic di3phragm fails and the recrum and 
in some cases also the bladder prolapses through the 
defecl causing tenesmus, dyschezia, constipation 
and urinary obstruction. Rect2l examin2tion reveals 
dilaution or deviation of the rectum. Atrophy of 
the pch'ic muscles may also be appreciated. Perine:r.1 
herniation may be a sequel to any cause of chronic 
tenesmus which should be addressed before repair 
to reduce the risk of recurrence. Idiopathic, degen
erative hernias also occur. Surgical fixation may 
require the usc of mesh implants. 

• Reelal prolapse 

Recl2l prolapse is most common in young animals 
following persistent di:urhoca :lnd tenesmus. The 
prolapse may be just mucosal or involve the 
whole reclal wall as a tubular mass wllich necds to 
be differentiated from a colonic intuuusception. 
Small prolapses call be manually reduced and 
a pune-string SUlure applied. logether with 
intrarectal administration of local anaesthetic or 
corticostcroid ointment or enemu. Extensive or 
chronic prolapses may require su rgical reseeLion. 
Recurrent prolapses need colopexy. 

• Anal sac disease 

Anal sac dise.ue presents as 'scooting' in dogs and 
excessive licking in cats where it is less common. 

ad Q 



440 I DISEASES OF THE ALIMENTARY TRACT 

When the ;mal sac becomes se\'ercly inflamed 
dysche7.ia and haematochezia may develop. 
Impacted glands will ocasion.ally abscess. 
Man.agemellt is by gentle evacu.ation. Recurrent 
cases c.an be tre.a ted by instill.uion of 
antibio tidconicosteroid c ream into the sacs. If 
this fails chemical e.1utery with t incture of iodine 
o r removal is .appropriate. Apocrine adenoc.arci
no mas of the .1m.! sacs are malign.ant rumours 
which o ften produce parathyroid hormone-like 
substances leadi ng 10 hypercalcaemia. Metastasis 
is common as is local recurrence following 
removal. 

• Perianailistuia 

Perianal fistulas arc chronic inflJm matory lesions 
of the pcrianal t issue. T hey arc particula rly com
mon in middle-aged to o lder German shepherds 
and to a lesser extent I rish sellers and labradors 
but all breeds ;1S well as catS can be affected . 
C linical sigru include licking and 'scooting", 
and advanced cases may show d)'scheziJ. and 
tenesmus. The fi stul.u usually d ischarge a foul 
smelling, purulent and/or bloody discharge. 
Lesions bt.-gin as small ulcers and can eventually 
develop to extend into the pelvis. Successful treal
ment usually involves radical, frequently 
repealed, surgery. Faeol incontinence is the most 
frequ ent postoperati\'e complication. 

• Imperforate anus and rectal agenesis 

These deformities arc usually recognized within 
days uf binh, Occ;1sionally they become obvious 
when constipation leads to marked abdominal 
distension, Imperforate ani c:m be eas ily dealt 
with by perforatiun. Alresi ani ;1150 carries a good 
prognosis, Rect'al agenesis requires major surgery 
and careful examination for other anorectovaginal 
deformities should be carried OUt before attempt
ing surgical correction. 
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I FUNCTIONAL ANATOMY OF THE LIVER 

The: liver is the largest pucnchyma! o rgan weigh
ing :l. round 3% of the body weight in adults and 
5% in young animals. In dogs and cats it is 
di \' ided into six lobes that arc deeply sepamcd up 
to the hilus, which permits the liver to fold and 
unfold during respiration. The livcr lies in the 
middle and right part of the cranial abdomen. The 
gallbladder lies in thc right side of the liver 
between the quadr.lle and the right medial lobes at 
the diaphragmatic side. The liver is surrounded by 
the rib cage and is therefore normally not palpa
ble. The stomach lies closely to the visceral side of 
the liver and its position is vcry much determined 
by the size o f Ihc liver. 

• Bllo syslom 

O ne o f the mai n functions of the liver is detoxifi
cation o r calabo lism of exogenous and endoge
nous compounds, most of which are excreled into 
the bile. The bi liary me consisu of small bile 
ducts which unite lO fo rm the larger intr.lhepalic 

Tumours of the liver 477 
liver dyslunction resulting from systemic 

disease 479 
Diseases of the biliary tract 483 

FELINE LIVER DISEASeS 486 
Specific aspects of feline liver physiology 487 
Cholangitis 487 
Congenital portosystemic shunts 489 
Feline liver dysfunction resulting from systemiC 

disease 489 
Tumours 01 the liver 491 

ducts Ihal leave the liver lobes to form the large 
e",rallep.nie cOlllmo n bile duct. The common bile 
duct enters the duodenum 3-6 em from the 
pylorus. The sphincter of Oddi controls Ihe 
release o f bile into Ihe duodenum. In c.us the P;l,n
creatie duct joins the common bi le dUel at the 
duodenal papilla, whereas dogs have ;I, separate 
enteric opening for the pancreatic duct. The gall
bladder is cOIHll"Cted to the common bile duct via 
the short cystic duct. It is the main resen·oir in 
which bile is stored and concentr.l tcd. 

• Blood supply 

The blood is supplied lO the li\'cr by bOlh the 
hepatic artery ;l,nd the portal vein and is drained 
by a number of hepatic veins that elller the caudal 
\'ena cava ncar the diaphragm. The total blood 
flow to the liver accounts for about 20-25% of the 
cardiac OUtpUt, of which 70-80"/" comes from the 
portal vein. The ra tio between ponal and arterial 
blood supply is dynamic; the ponal fl ow increases 
following ingestion of food, whereas the anerial 
blood supply increases when the portal flo w is 
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insufficient and d~reascs in the presence of 
hepatic venous congestion (Greenway and 
Oshiro, 1972). In cases of complete deprivation 
of portal blood flow to the liver (for example. 
co ngenital ponos),slcmic shunts or portal vein 
thrombosis), the arterial flow increases by 
50-100%, but despite this adaptation the total 
hepatic blood supply remains subnorm,,1. 
Changes in the :mcrial fl ow do not influence por
tal flow. In the fasting state, the portal vein and 
hepatic amry each supply roughly half the 
oxygen usro by the liver. 

The great compliance of the hepatic vascular 
bed rnl.kcs the organ a reservoir of blood. The 
liver normally ccnlains around to-15% of the 
tolal blood volume of the body. which c:tn be 
doubled in severe cardiac fai lure. In case of 
moderate blood los5 about 25% of the reduced 
circulating blood volume can be rele3Sed from 
the liver. 

• Microanatomy 

The liver cOnlains different cell types, of which 
the parenchymal cells o r hepatocytes predomi
nate. Other cell types include endothelial cells, 
bile duct epithelium, Kupffer cells and fat -storing 
cells. The hepatocytes are arranged ill cell plates 
one layer thick, r.ldiating around the terminal 
hepatic vein, formerly called central veins (Fig. 

L~in 
liP""" 01 D!sse 

HepalOC'yle 

, . I 
./::;-
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37.1 ). The free sinusoid:tl lIlembr:tnes :tt both 
sides of the hepatocytes arc separated from the 
sinusoids by a o ne cell l:tyer of sinusoid;!.1 cells 
(endotheli;!.1 ;!.nd Kupffer cells); between the hep;!.
tocyte and the sinusoidal eelll:tyers is the perisi
nusoidal space o f Oisse. The endothelial cells have 
many sieve-like openings permitting even large 
molecules, but not cells, to move fro m the si nu
soids into and out of the space o f Oisse. The peri
si nusoidal space is the beginning of the hepatic 
lymphatic system. Lymph fl ows in the opposi te 
direction to th:tt o f the blood, 3S does bile in the 
canaliculi. The sinu50idal cells arc very cfncient 
in removing endotoxins :tlld panicle.5 such as 
bacteria. 

The membranes of adjacent hepatocytes form 
the bile canaliculi scaled by tight junctions. The 
c:tnalicular membr:me has a specialized excretory 
function. The bile flows from the canaliculi into 
shon collecting ducts, which drain into the bile 
ductule of the ponal area. The ductules and the 
larger bile ducts arc lined with cuboidal epithelial 
cells. 

For underSl3nding the p:tthophysiology, it is 
important to realize that the liver at the 
microanatomical level consists of functional 
h;!.emodynamic units or acini different from the 
lobules that are a mere anatomical description 
(Fig. 37.2). An acinus is a unit of liver tissue which 
receives its blood from one pair of terminal 
b ranches of the po nal vein and the hepatic artery 

Figura 37 .1 Microanatomy 01 the 
normal liver. Plates 01 hepatocytes 
are surrounded by the perisinusoidal 
lymphatic space of Disse and the sinu
soidal blood. Bile flow in the canaliculi 
is opposite to the blood !low. 
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Figure 37.2 Schematic representation of the smallest 
functional unit of the liver, the acinus. The acini are 
divided into three zones. Zone 1 receives blood rich in 
growth factors and oxygen; zone 3 gets the poorest 
blood. Terminal branch of the portal vein (TPV); terminal 
branch 01 the hepatic artery (THA): terminal hepatic vein. 
or central vein in the old nomenclature (THV). 

(McCuskey, 1994). The cffercm blood flow is 
through several terminal hepatic veins at the 
periphery of an aci nus. 

In an acinus the zone around thc ponal vein 
gets blood with the highest content of oxygen, 
growtll factors (mainly insulin) and nutrients :lnd 
cells :lround the temlinal veins gel the poorest 
type of blood. In cases of hypoxia and shock, 
adaptation may come 100 late and the peripheral 
cells in the acini may bccome necrotic. Signs of 
liver dysfunction are, therefore, common afler an 
episode of circulatory collapse or acute haemo
lysis. 

Ahhough all hep:l.tocytes arc similar and capa
ble of performing a range of metabolic functions, 
some functions arc confi ned to certain an:as 
(Gumucio n al., 1994). The urea cyd e enzymes 
arc predominamly active in the pon:ll zone, 
whereas the other ammonia capturing system, 
formi ng glutamine, resides cxdusi,'ely in cells 
around the terminal hepnic veins. 
Gluconeogenesis occurs predominantly in the 
portal zone and glycolysis ne.u the terminal 
hepatic veins. All zones arc engaged in protein 

and lipid meubol ism. Drug metabolism \'ia the 
cytochrome P450 system is loc:lled primarily 
around the terminal veins. 

I LIVER PHYSIOLOGY 

The liver has an enormous reserve capacity with 
resp«t to most o f its functions. Removal of 
70-80% of the no rmal liver is possible without 
any noticeable clinical e((«1. Another unique fea
ture of the liver is its great regenerative capacity 
fo llowing loss of hepatocytes which is regulated 
by growth factors sueh as insulin and insulin-like 
growth fac tor. It is essential for maintenance of 
li\ter mass and regeneration that ponal blood with 
these factors reaches the liver. Animals with :l 
congenital portosystemie shunt have an under
sized liver which can grow and reaches its normal 
weight in about four weeks after surgical closure 
of the shunt. Liver metabolism is regulated by 
hormones. In gencral, insulin is inhibitory in the 
mobilization of fatty acids and glucose, whereas 
glucagon, glucocorticoids and to a lesser extent 
thyroid hormone, growth hormone and c2leehol
amines arc stimulatory. 

The liver plays a key role in many metabolic 
processes (Fig. 37.3). It regulates the concentra
tion of glucose and many proteins in plasma. 
Tnglycerides from adipose tissue o r intestinal 
chylomicrons are converted into lipoproteins by 
the liver, which can be released into the drcub
tion for usc by o ther tissues. Biotransform;nion of 
endogenous produers, for example ammonia and 
steroid hormones, and of exogenous toxic prod
ucts, for example toxic chemicals and endotoxins 
from intestinal bacten2, is performed by the liver. 
Hea\'y metals arc dir« tl y excreted into the bile. 
Large molecules 2re preferentially excreted into 
bile after conjugation which makes them sufn
dently hydrophilic. Smaller molecules arc rra.ns
formed and then released into the circulation to be 
excreted by the kidneys. The liver also slores 
glycogen, metals and vitamins. The capacity to 
store and release a large volume of blood has 
already been mentioned. The liver produces 
blood cells in embryonal life. Hepatic 
extramedullary haematopoiesis may be regained 
in adulthood in cases of anaemia. 

Feamres of liver physiology arc important to 
understand the clinical presentation of liver 
diseases. The huge reserve capacity of the liver 
implies that hepatobiliary diseases often only 
b«ome apparent clinic2l1y at a late stage when the 
reserve is lost. Acute o r subacute diseases arc 
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often subclinical. The central rol~ of th~ liver in 
metabolism explains why dysfunction of extra
hepatic org'lns often oceurs in liver dise:l5e with 
signs not primarily indic:.uing involvement of the 
liver. COIl\'ersciy, the central pl'lce in deto)lifica
tion and metabolism implies that the liver is very 
oft~n secondarily involved in metabolic diseases 
(for example diabct~s mellitus or Cushing's d is
ease) and in toxic dis~a.ses (due to endOloxins o r 
chemical toxins). 

I PATHOPHYSIOLOGY OF CLINICALLY 
IMPORTANT SYNDROMES 

A number of dinic'l1 syndromes may develop in 
diff~rent liver di s~a.se:s. They :tr~ discussed h~r~ 
because they :arc impo rt:tnt for und~rst:anding the 
cli nic:tl manifestations of he:patobili:ary diseases 
and are referred to when signs, diagnostic proce
dures and specific diseases are being discussed. 

LIVER 

F" 
stores 

FAT 
TISSUE 

Figure 37.3 Diagram showing Ihe 
interrelations between the metabolism 
01 carbohydrates, tats, and proteins 
and the central role 01 the liver in 
metabolism. 

• Chole.la.l. and icterus 

8116 productlDn 

Normally. bile fl ow results fro m bile: production 
in the proxim'll pm of the biliary sYSICm and con
centration in th~ distal part. Active excr~t ion of 
bile acids is responsible for about half the bile 
production. Bile acids are produced by the liver 
from cholesterol as a major route of cholesterol 
excretion (Fig. 37.4). The twO 'lcids formed are 
cholic acid and chenodeoxycholic acid (the pri
mary bile 'lcids). Bile acids are conjugated with 
glycine and t2urine before e)lcretio n which makes 
them hydrophilic. Active excretion cre:ates an 
osmotic gradient, which results in passive excre· 
tion of water into the: c:tnaliculi. Colonic bacte:ria 
tr'lnsform p'lrt of the conjug'lted bile acids by 
de:conjug:uion and 7a-hydroxylation. The latter 
reaction produces the secondary bile acids, 
de:oxycholate: fro m chol ic acid and lithocholate 
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Figure 37 .4 Normal melabollsm 01 bile acids and their 
enterohepatic cycle. The percentages represent the 
fractions of the total bile acid pool. 

from chenodcoxycho lic acid. Thc unconjug:l.led 
bile acids can be absorbed throughout thc 
imeSlinaltract by passive diffusion, whereas the 
conjugates arc :acti,'cly absorbed in the ileum. 
Lithocholic acid, which is hepatotoxic and may 
induce severe cholesusis, is poorly absorbed. The 
re:lbsorbed bile acids arc very efficiendy cleared 
by the liver from the portal blood :md re-excreted. 
About 95% of excreted bi le :lcids is reabsorbed in 
the inte$ti nall.ract . Hence only a small fraction is 
loSt from the enterohep:ll ie circul:uio n that cycles 
1~15 times per day. The lost fraction is replen
ished by de 1I00000 synthesis in the liver. 

The remaining bile productio n occurs through 
active secretion of sodi um into the u nalieuli (Fig. 
37.5). This is sti mulated by barbitur2!cs and 
insulin and inhibited by OI:strogens., deficient 
thyroxine ;;and derivatives of chlo rpromazine. The 
last 30% of bile is not produced by Ihe hcp.lIo-
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Figure 31.5 Sites 01 active bile secrelion in the liver 
lobule and their relative conlributions. 

cytes but by the bile duct epithelium by active 
excretio n of bicarbonate and chloride. This secre
tio n is induced by the gastrointestinal hormones 
pcnu.gutrin and secretin. 

Apan fro m the gallbladder and the sphincter of 
Oddi there is no acti"e transport of bile by peri
stalsis. About 60% o f the bile is released directl), 
into the duodenum. the rest being stored in the 
g:allbladder. Contractio n of the g:lllbl:adder is 
mainl)' inducl'<i by cho lecysto kinin secreted by 
the duodenal mucoS:l under influence of fat or 
protei n ingestion (ROlhuilcn ('f (11., 1990; Abiru ct 
al., 1994). Gall bladder contraction l11a), also be 
provo ked by magnesium chloride (Sterczer ct al. , 
1996). Contractio n of the gallbladder is gndual 
over 1- 2 hours and the g31lbladder is often incom
pletely emptied following a me;ll. Bi le becomes 
concentrated about tenfold in the gallbladdcr and 
in the larger bile ducts by aClive absorption o f 
sodium. hic:lrbonate and water. 

ChafesllSls 

Cholestasis is a reduced bile flow. The o bstruc
tion llUy be intr:ahcp3.tic o r extrahepatic. Most 
cl inicJ.1 cases arc intrJ.heparic and signs only 
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d~velop wh~n the pathology is pres~nt through. 
o ut th~ liv~r sincc obstruction of bile fl ow in pan 
of the liver is ~as ily comp~nsatcd for by th~ oth~r 
lobes. Extrahepatic cholestasis only gives clinical 
signs when the bile flow is almost completely 
o bsU'Ucted at the level of the common bilc duct. 
C ho lestasis may cause accumulation of bile can· 
stituents in plasma, such as bilirubin, alkaline 
phosph:1tase and ),·glutamyl transpeptidase. 
However, it is not possible to differentiate 
between extrahepatic and intrahepatic cholcstasis 
by these assays (Van den Ingh el al. , 1986). All 
fo rms of chol~Slas i s arc detected in liver biopsies 
as accumulations o f brown bile pigm~nt in hepa· 
tocyt~s and Kupffer cells and bile plugs in the 
canaliculi. In severe cholestasis copper accumu· 
lates in the hepatocytcs due to inadequate excre· 
tion into [h~ bile. 

Intrahepatic cholestasls 
This form may occur due to leakage through the 
tight junctions that separ;tte c;tnaliculi from 
sinusoids and transcellular regurgitation into the 
intercellular space and the space of Disse (Fig. 
37.6). This can occur in endotoxaemia, sepsis and 
in cases of adverse d rug reactions. Leptospira pro· 
duces enz.ymes which destroy the tight junctions 
giving severe intrahepatic cholestasis without 
oth~r li \'e r functions being affected greatly. 
Swelling o f hepatocytes due to fat accumulation 
can occludc the canaliculi. N ecrosis of liver cclls 
for whatever reason may provide a direct connec
tion betwecn canaliculi and thc sinusoidal/ peri· 
sinusoidal b~d fo r back flow of bi le. Pathology in 
the pon al areas such as infi lt ra tion o f inflamma· 
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Figure 37 .8 Intrahepatic cholestasis with bile thrombi in 
the canaliculi and bile pigment In the Kupffer cells and 
hepatocytes. 

tory o r IUmour cells or deposition of fi brous 
tissue may block the flo w of bile o ut of the acini. 

In cholestuis, the hepatocytes m:ly beconle 
overlo:lded with substances to be excreted and 
back diffusion into the space of Oisse and then 
to the circulation may also contribute to the 
cholestasis. 

Extrahepatic !;holestasls 
Extrahep:ltic cholestasis is relatively rare in dogs 
and cats. It is caused by complete blockage o f bile 
fl ow at the level of the commo n bile duct (Van den 
I ngh et al., 1986; Fahie and Manin, 1995). The bile 
ducls proximal to the obstruction d ilate and 
become tonuous, which is characteristic (Nyland 
and G illen , 1982). The gallbladder may be dis· 
tended but in chronic cases only a small quantity 
o f highly concentrated muci nous bile may be pre· 
sent. The size of the gallbladder is, therefore, nOt :l 
reliable indic;uo r of extrahepatic cholestasis. Bile 
leakage in lh~ po rtal areas causes necrosis and an 
inflammatory reaction. In acute cases there is also 
peripon al oedema, which is replaced by peri· 
ponal fibrosis after several weeks. The ponal bile 
ducts may also prolifera te :lnd become tortuous 
(Fig. 37.7). 

Impaired fat absorption fro m a lack o f intesti· 
nal bile acids may induce a defi cienc), of fat· solu · 
ble vitamins 0 and K (Neer and H edlund, 1989). 
Coagulopathy due to non·functio ning vi tamin K· 
dependent clotting factors may give a prolonged 
prOl hrombin time which is corrected within 
hou rs of parenteral vitamin K administration. 
Rarely in chronic cases, vitamin 0 defi ciency may 
cause skeletal d ecalcification. 

Figure 37.7 ChronIc extrahepatic bile duct obstruction 
in a dog. There are concentric rings ollibrosis around the 
bile duct and mononuclear Inflammatory cells in the 
portal area. 
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Bilirubin metabolism and Icterus 

Bilirubin is the pigment which gives bile its yel
low- brown colour. It is the normal end-product 
of the calabolism of haem. The healthy liver dears 
bilirubin very effecti \'ely from plasma and normal 
plasma concentrations in dogs and cats are very 
low « 3.5 I-Inlo ll- I ). Bilirubin is excreted into the 
bile and in cases of cholcsc3Sis. plasma levels may 
incrc;tse. If concentrations excud 15 )Jmol l-I , the 
pigment diffusing into tissues becomes clinically 
apparent as icterus. H;tem is present mainly in red 
cell haemoglobin. but also in hepatic h;temopro
teins. Although the pool size o f hepatic haemo· 
proteins is small in comparison to haemoglobin, 
their turnover is fast cr and their degndation 
accounts for 25% of the normal bilirubin produc
tion (Rothuizen et al., 1992). 

Bilirubin muSl be conjugated before excret io n 
because of its hydrophobic characteristics (Fig. 
37.8). The insoluble uneonjugaled pigment is 
bound to albumin in the circulation. Conjugated 
bilirubin is excreted into bile and is not reabsorbed 
from the intestines. In cases of bacterial over-

growth, bilirubin m;ty become deconj ug3ted by 
bacterial enzymes and the pigment may enter 3n 
entcrohep3tic cycle. In the colon, bilirubin is 
degraded by b3ctcril into black lnd brown pig
ments (stercobilins) that give faeces their normal 
colour. Lightly coloured faeces due to absence of 
pigments may be seen in se\'ere cholestasis. Such 
';tcholic faeces' almost always indicates complete 
extrahepatic bile duci obstruction. A colourless 
product, urobilinogen, is also produced some of 
which is absorbed into the portal circulat ion. Most 
of it is cleared by the liver, but a little reachcs the 
systemic circulation and can be excreted in theurine 
by glomerular fi lt rat io n and tubular secretion. 

It has been pl";lcticc ro measure urobilinogen 
and bi lirubin in urine in o rder to differentiate 
cholestatic and haemolytic causes of icterus. 
Urobilinogen and biliru bin production would be 
expected to decrease in cases of cholestasis and 
increase with haemolysis. However, measurement 
of urobilinogen is of linle clinical value, because 
its concentration in urine is so variable and it is 
rapidly oxidated in light into urobilin, which is 
not mcasutt.'<i in the Ehrl ich reaction. 

Figure 37.8 Normal production 
and metabolism 01 bilirubin. The 
percentages glve the lraction of the 
total production of bilirubin. 
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Conjugated bilirubin may be excreted in urine 
as the renal threshold in dogs and C;l[.S is relatively 
low. Bilirubin in feline urine is ;lbnormal ;l.nd indi
catesiiver disease. H owever, canine kidneys, par
ticularly males and less so females (Piens et al. , 
1996), are capable o f forming bilirubin OUt of 
haem and can also conjugate and excrete it. 
Therefore urine of heahhy dogs often contains 
detectable concentrations of bilirubin. 

Bilirubin in plasma is usually measu red with a 
diazo reaction in which the conjugates react 
quickly (direct) and unconjugated (indi rect) 
bilirubin o nly after additio n of an accelewor. 
Conjugated bilirubin in plasma is always patho
logical and indicates eholcst:l.sis. H owever, the 
measurement of direct and indirect reacting 
bilirubin is of limited value in d ifferenti;uing 
chole5t:ttic and haemolytic caUSl'S of hyperbi liru 
binaemia. There arc a number of reasons for this. 
In cases of cholcstasis an inconsistent mixture of 
different conjugates is formed which makes the 
distinction between direct and indirect re;lctio n 
arbitrary. In liver disease there is increased pro
duction o f uneonjugated bil irubin and in Sf."vere 
acute haemo lysis the liver is secondarily damaged 
by hypoxia resulting in a deere;l.sed bilirubin 
clearance and cholestasis. In primary liver disease 
there is considerable haemo lysis, presumably due 
to instability of the erythrocyte membranes 
caused by high bile acid levels in plasma and pro
lo nged trapping of red blood cells in the spleen in 
cases of porral hypertension. Animals with liver 
diseas~ may also have increased bilirubin 
production from hepatocyte haemoproteins. 
Consequently, hep:!tobiliary and haemolytic dis
eases can be similar with respect to the produc
tion and clearance of bilirubin and the presence 
of cho lestasis (Rothuizcn and \';l.n den Brom, 
1987). 

Animals with mild or gradually developing 
anaemia have no liver damage and due to the great 
reserve cap;lcity of the liver, they do not de\'elop 
icterus. Careful elinieal investig:!tio n is much 
more important than measurement of bil irubin in 
plasma. Only in severe acute hacmo lysis is the 
primary d isease extrahepatic. If the mucous mem· 
branes :1fe not very pale, an underlying hepato
biliary disease must be suspected. 

Conjugated bilirubin in pl;lsma tends to 
bind covalently and irreversibly to .albumin 
(Rothuizen and van den Ingh, 1988). This 
biliprotcin complex can only escape the circula
tion when :tlbumin is catabolized; its half· life is 
about twO weeks. Therefo re, 3fter recovery 
from the cholcstatic disease, icterus may remain 

for sever31 weeks. Icterus does not necessari ly 
refl ect the actual situ:!t1on and this sho uld be 
borne in mind when interpreting c1inic:!1 find 
ings or evaluating ther:!py. 

I 
Portal hypertenSion , ascites and 
acquired portosystemic collaterat 
Circulation 

Portal hypertension 

Porral hypertension is an abnormally high pres
sure in the po rtal circulation. The normal pres
sure in the portal vein is 0-5 mmHg. Port:!] 
hypertension can be caused by increased 
delivery of blood to the portal synem or by 
increased resisl3nce to blood drainage fro m the 
portal system. Increased del ivery o f blood 
occurs with arteriovenous fis tulae in the 
splanchnic ci rcu lation or in the liver, althou gh 
these are rare. Portal hypertension is usually 
caused b y increased resistance to portal blood 
flow, which may be prehepatic (in the portal 
vein). intrahepatic o r posthepatic (in the hepatic 
"eins, caudal vena cava or heart). Intrah"patic 
diseases o nly cause po rtal hypertension when 
the liver is diffusel y affected. 

With intrahepatic obstruction to the port31 ci r· 
culation, Ihe liver is not congested and is usually 
small rather than enlarged. The most frequent 
cause of po rtal hypertension is ci rrhosis, foll owed 
by chronic hepatitis, lymphoma. fibrosis. neo
natal hepatitis and congenital hypoplasi.a o f the 
intrahepatic portal vei n branches (van den Ingh el 

al., 1995). However, some portal hypertcnsion 
can also occur with fany infiltration o f the li "er, 
tumour metastases, reactive hepatitis and extra
hepatic cholest.asis. 

The main prehepatic cause of portal hyperten
sion is portal vein thro mbosis (v:tn Winkle and 
Bruce, 1993). Posthepatic causes may be loc.alized 
in the caudal vena cav.a and the heart. Cardiac 
insufficiency is the most common cause and is 
usuall y easy to n::cogni;o.e on physical exam ina
lio n. Thrombosis of the caudal vcna cava is 
unusual. 

Port.al hypertension m:ty Cluse asci tes and 
POrtosystemic collateral formation (Boothe t:r al., 
1996) leading to hepatic encephalopathy. H epatic 
encephllopathy is dealt with in another section. 
Congestion of the intestines in ponal hypen en· 
sion may reduce intestinal lbsorption and cause 
diarrhoea, which is a common sign of chro nic 
liver d ise3..5e. 
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As&II,s 

Accumul:llion of free abdomin~1 fluid may result 
fronrportal hypertension alone or from a combi
nation of increued porul blood pressure and 
r«luctd oncotic pressure duc: to hypoprotein
aemia. In pre- ;md posthepatic caus('s, the plasma 
albumin concentration is normal and portal 
hypcrt('nsion is the only cause of ascites forma
tion. In which cu(', the hydrostatic pressurc: is 
high and cauus se\'('r(' congcstion of the splanch
nic orsans. The resuhant fr« abdominal fluid 
comains lymph. plum;!, and erythroc),tes and is 
th('rdore a clear but slightly seros~nguin('()us 
transudat('. I ntrahepatic causes arc always chronic 
and thus hypoalbuminaemia also contributC5 to 
decre:lSed intravascular fluid retention and there is 
only a moderate degrec of hypert('nsion. In these 
cases incr('ased heplltic and splanchnic lymph pro
duction exceeds th(' capacity of the lymphatic sys
tem giving a clear transudate which ;s colourless 
or in cases of icterus. yellowish. 

Th('diagnosis of asci tes in which congestiv(' heart 
failure h:lS been excluded, should ;nvolv(' an 
abdominal up. C leJ.r colourless or yellowish 
transudate indicates an intrah(,patic disusc: requir
ing I i v('r biopsy ford iJ.gnosis and a seroSl ngu i n('(lUS 
tr.msud:u(' indic;lt('s ei ther portal vein or \'ena caval 
thrombosis. Clear eolourless tr.msudu(' may also 
occur in non-hepatic disuses associattd with 
se\'ere hypoalbumina('mia, such lI.$ ncphrotic 
syndrome and protein-losing enteropathy. 

The asci tic fluid an contain a signifiC2nt 
amount of :albumin u:a result of diffusion of this 
small prot(';n OUt of the circul:ation. Complete 
removal of the ascitic fluid in poml hypertension 
is not o nly pointleS5 as the nuse rem:ains and 
hence Ihe ascites quickly recurs, but also undesir
able because part of the albumin stores arc 
removed. wllich in turn leads to an cven more 
r:tpid recurrence of asci tes. Furthermore, the 
reformation of ascites I('ads to hypovolaemia, 
which stimulatcs compensator)' aldosterone pro
duction with sodiu m retention and potassium 
('xcr('t iOIl. Loss of potassium oft('n C.lUses :an 
cxlcerbation of hepatic enceph:aiopathy. Ascites 
can be trelted more cffectively with a low-sodium 
diet and diur('tics that do not incre;lse pot'usium 
excretion. However. ascites is merdy a sign and 
not a disuse and th('rapc:utic efforts should ;lim:at 
cunng liI(' underlying disc:a5C. 

Porlosysl, ml& &011"',.,/5 

These are small. non -functionll blood ,'essels in 
the omenlum lnd mCSCIII(,ry. which bc:come func-

tional u a result o f high portal pressure, thereby 
allowing pam.! blood to bypass the liver to the 
caud:al:and cranial "enl caVl. Acquirtd portosys
lemic colbleral vessels only de\'dop when there is 
a high pressure gradient bc:tw('en the portal vein 
:and the \'('na cava and th('r('fore only wh('n the 
caus(' is pr('- or intrah(,patic. High pressure in 
both th(' v('na Cl1\'a and the portal v('in docs not 
induc(' shunting (Booth(, t't a/. , 1996). Th(' degrec 
of shunting may \'ary from norm:al to 100%, 
depending on the cause and the stJge of the 
process. Acquirtd portosystemic shunts are 
always multiple and typically locali2.ed in the 
mesorectum. in the omentum where it is attached 
ncar thc Icft kidney and along the gUtnC cardi:a 
and in the oesophageal wall. Intr.lluminal bleed
ing from ocsophageal varices is a serious compli
cation o f porul hyperl ension in humans. but docs 
not occur in companion animals bccaus(' the 
"essds li(' on the s(' rosal side and not under th(' 
mucosa. 

The collateral circulation can lead to h('pa!ic 
('ncephalopathy. In addition. toxins from the gas
trointestinal tract arc inadc:quatdy r('movcd from 
th(' portal blood, which can le2.d to vomiting :and 
oth('r problems. 

• Hepallc encephalopalhy 

Hepuic encephalopathy (H E) is dehned as dys
function of the brain sccond.lry to liver dysfunc
tion. HE, like portal hypertension :and cholestasis. 
is not a diagnosis but a common clinical syndrome 
Ihat C2.n de\'clop in a number of liver dise2.s('s in 
the dog and cat. 

There arc twO forms of 1-1 E: all 2.cute 2.nd a 
chronic form. The acute form is rare and only secn 
in fu lminant hepatic failure. It is a severe disorder 
causcd by a suddcn and 31most complete loss of 
liver function duc to hepatic n('crosis. These cues 
3r(' CO!ll3tOSC and develop icterus. vomiting 3nd 
di(fus(' intra\'ascular coagulatio n. They usually 
die within a few days. The c:auses of fulminant 
hepatitis will be given in the section on sp('cific 
discu('s. 

The most common form of HE in companion 
animals is the chronic form. Th(' underlying 
liver dysfunction causcs portos),stemic collateral 
circulation, which rna)' be acquired duc to por
t .. 1 hypcrt('nsion or congenit .. 1 in cas(' of :a single 
shunt (Rothui2.en, 1993). The chronic form is 
sometimes rc:ferrtd to as portos),stemic 
encephalopathy (PSE). The resc:fV(' capacity of 
the li\'cr in dogs c\'en with 5('v('re parenchymal 
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damage, prevents the development of HE in the 
absence of ponosystemic shunting (Rothuizen 
and van den logh, 1982a,b). Therefore in dogs, 
as in humans, HE should be considered a syn
drome in which the liver function is reduced 
though still adequate, but fails to exert its role 
as a guardian between the intestine and the rest 
of the body. 

In ens, the hepatic reserve is not as b.rge and thus 
cats can develop chronic HE with parenchymal 
liverdisc:uc in the ahscncc of ponosyslemic shuot
ing. The main reason for this is that cau C;tO not 
adequately synthesize arginine, which is imporunt 
in the urea cycle. Inadequate ammonia detoxifica
tion may C2USC :I.norexia and induce HE. Fasting 
cats may also develop hepatic fat 3ccumulation 
which funher reduces liver function and enhances 
protein c;ttabolism. This begins e;trlier in cats than 
dogs. All of these actors may trigger H E in cats in 
theabsenceof shunting. Nevenheless HE is usually 
associated with shunting. 

The presence of portosystemic shunting alone 
is not sufficient to C:luse HE; hepatic functions 
must also be compromised. This is true for all pre
and posthep:atic c:auses of port:al hypertension that 
induce shunting and :llso for congenital shunts. In 
the latter condition the liver has been deprived of 
growth factors from birth and is therefore abnor
mally small with a low functional parenchymal 
mass. The C2usal relation betw~n pOrtosystemic 
shunting and HE implies that in conditions where 
shunting is expected to develop (i.e. portal hyper
tension) precautions must be taken to avoid the 
triggering of HE. 

Clfn'tal"gns 
The clinical signs of HE are variable (f yler, 1990). 
Initial neurologic;tl signs are non-specific and are 
often only recogniud retrospectively, when more 
specific signs have developed. These may include 
apathy, listlessness, excessive sleepiness and 
decreased mental alertness. In more advanced 
cases ataxia, ci rcl ing, head pressing, salivation, 
stupor and coma may be seen. Seizures are 
uncommon except in c:au. The episodic nature of 
H E is characteristic and usually one or twO days 
of severe signs alternate with more o r less normal 
periods of between several days to weeks. Apart 
from the ncurological signs of HE. other signs 
related to the underlying disease may be seen, 
such as polyuria, vomiting, diarrhoea, weight loss, 
decreased CJlercise toler:l.Oce, lethargy, dysu ria and 
haematuria and in cue of congenital diseases 
sometimes poor or retarded growth. 

PathogBnBsls 

The pathogenesis of HE is multifactorial and 
not yet completely understood. Only the most 
important and clinically relevant factors wi ll be 
dealt with here. Chronic HE is essentially a neuro
transmitter dysfunction involving several trans
miucr systems in the brain. Once the underlying 
liver disease is cured, the encephalopathy disap
pears completely without any permanent brain 
damage. Only in cases where haemodynamic 
derangements due to surgery or anaesthesia have 
occurred, may permanent cerebrocortical necrosis 
remain. The most important neurotransmitter 
systems involved are the glutamate. the 
gamma-aminobUl'yric acid and benzodiucpine 
(GABAlBZ) and the dopamine/ noradrenaline 
pathways (Maddison, 1992; Ferenci tt al., 1992). 

Glutamate neufotransmlulon and ammonia 
metabolism 
Glutamate is one of the most abundant excitatory 
neurotransmitters. In hyperammoniaemia it 
becomes depleted resulting in impai red brain 
function (Fig. 37.9). 

Ammonia is produced mainly in the infestinal 
{NlCt, both in the colon by bacterial degradation of 
nitrogenous compounds (proteins, amines, urea) 
and by glutamine metabolism liberating ammonia 
in the intestinal mucosa. Most of the intestinal 
ammonia is resorbed and enters the portal vein. 
The healthy liver is extremely efficient in remov
ing ammonia and conveni ng il into UTe:a in the 
urea cycle. Urea format ion occurs exclusively in 
the liver. It is released into the blood and removed 
from the body by renal excretion. Some of the 
urea enters the saliva and recirculates in an entero
hepatic cycle. The plasma ammonia concentration 
is no rmally very low « 45 }lmoll-!). 

In cases of pOrlosystemic shunting, ammonia 
bypasses the liver and systemic concentrations 
become increased and neurotoxic. Neurons are 
separated from the blood by a layer o f astrocytes 
and substances in the circulation have to pass 
through the astrocytes before reaching the neu
rones. The astrocytes incorporate ammonia into 
glutamine by glutamine synthetue. This enzyme 
has little reserve c:tpacity and c:tn not handle 
much more than physiological concentrations. 
Glutamine diffuses into the adjacent neurone 
and is converted into glutamate by glut:tmim.se. 
Glutamate is then partly convened inlo GABA. 
The excitatory neurotransmitter gluumate and 
inhibitory GABA form a finely tuned equilibrium 
determining the e;>l:citability of postsynaptic 
neurones. In hypcrammoniaemia the capacity of 
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plesynapIlC NEURONE ASTROCYTE 

G,"~ --t-: ::::-t-- """"'" BlOOO 

_--tt- NH, 

Figure 37,9 The glutamlne-gluta
mate shunte between astrocytes 
and neurones in the brain. The 
capacity of glutamine synthetase in 
aSlrocytes is limited and in hyper
ammoniaemia, ammonia instead of 
glutamine can diffuse into the 
neurones. Excess ammonia inhibits 
glutaminase, resuHino in hampered 
glutamate production and actumu· 
lalien 01 glutamine. Glutamate is a 
stimulatory neurolransmitler which 
becomes deficient causing hepatic 
encephalopathy. 
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;'IS1TOC), l ic glutamine synthetase becomes over

loaded and excess ammonia diffuses into ncu
rones. High ncuro n31 ammonia concentrations 
inhibit gluuminasc activity resulting in accumula
tion of gl uuminc and depiction of the neurotnns
mitter gluu.n1:Ue. The di5lurbcd glutamate
gl utamine-ammo ni:l shunle bet ..... een astrocytcs 
:lnd neurones is :an imporunt facto r in the 
pathogenesis o( HE (Deutz ~(al., 1988). 

GABAJBZ receplor complex 
GAllA neurotr:tnsmiS5ion is the most abund;lnt 
inhibitory system in the br.t; n. In H E the GAllA 
tone is :lbnormally high inducing suppression 
of nonn:al brnin functions. 11lt, origin of the 
increued GABA activity is not known. bUI treat
ment with receptor :lnt:agonis15 m;lY dr.lm;ltieally 
impro\'e H E. There are, however, no long-;lcting 
drugs :wail;lble 10 exploit th is clinically. The 
GABA/BZ rcc{'ptor complex binds many differ
ent ligands like GASA. benzodi:1Zepine and 
barbitur;lIes. The c1inic:a1 consequence is th:u o ne 
should be extremely careful in using benzodi
azepines o r barbilUrJles in anaesthesia and :avoid 
them as far as possible si nc{' the)' potentiate HE 
and can be fata l! Seizures may be a manifestation 
of HE and il is importam to be certain that H E is 
nOi involved before an epileptic anim:ll is tre:aled 
widl these :anticorl\'uIS:lnts. 

Deranged eatecholamlnerglc neurotransmlsslon 
Do p:lmine and nOr.ldrenaline also pl:ly :l role in 
the pathogenesis of H E. This is related to thc 
role thc li\'cr pla)'s in amino acid metabolism. 
Normally, the arom:llic :lmino :lcids t'r)'ptophan, 
tyrosine :md phenylalanine are :ll most completely 
cleared by the Ih'er (rom th{' portal circulation and 

NH, 

o nly very low eoneentrJtions reach the systemic 
blood :lnd the brnin. The neurones require 10 ..... 
levels o f these arom:lt;c amino acids (AAA) 
benuse they arc precursors of do p:lmine :lnd 
noradrenaline. In this catccholamint p:athw:ay the 
capacity of the enzyme, tyrosine-J -hydroxylue, 
is roue limiting (Fig. 37.10). In HE, excess 
AAA arc processed \·ia ahern:ltive metabolic 
pathways in the br:ain producing octopamine, 6-
phenyleth:mol:lmine ;!,nd t)' ramine which are 
suuctur:ll1y similar to the physiological cate
ehol:amines and occupy their receptors. They arc 
a iled '("Ise neurotr.lnSmilleTS' since they have 
only ver}' weak intrinsic :activities and block nor
m:al dopaminergic and noradrenergic neurotnns
miS5ion :lnd thus contribute to the pathogenesis 
o f HE. 

Branched chained amino acids (BCAA) ,'aline, 
leucine and isoleucine arc passively invoh'ed in 
this process. Together ..... ith the AAA the). form 
neutral amino acids and use the same carrier 
system to enter the brain through the blood
brain barrier. Plasm:a BCAA levels arc reduced 
in chronic liver dysfunction bec:luse they are 
exploited as an altemative energy sou rce in mus
cles and other tissues. The low ratio o f BCAA to 
AAA in plasma gi \'es the aromatics e.Hier access 
to the brain si nce there is less compctition for the 

• commo n carner. 

Clinical implications 

Ammon ia 
To underst:and clinical implic:ltio ns in ammoni:l 
mefabolism it is import:lnl to :appreciatc that only 
the molecular, no n-ioni ... ed fo rm (N H J) passes 
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Agu", 37 .10 The role of neutral amino acids in the 
pathogenesis of hepatic encephalopathy. Aromatic and 
branched chain amino acids compete lor a common car
rier over the blood-brain harrier. Portosystemic shunting 
causes an excess of aromatic and a reduction of 
branched chain amino acids in the circulation and in the 
brain. The aromatic amino acid tyrosine reaches levels 
exceeding the capacity of the converting enzyme 
tyrosine-3-hydroxylase and the excess is decarDoxyiated 
to form non-functional neurotransmitters which displace 
dopamine and noradrenaline from the receptors. 

cell membranes easily. whereas NH; does not. 
ImN.celluhlrly, both forms have equal metabolic 
effuts. In alkalosis there is more NHJ, which may 
aggr:r.vatc the neurotoxic t'Uect of ammonia and 
should be: prevented or corrected in :my patient 
with chronic liver disease. Alkalosis also resulu in 
the formation of alkaline urine from which the 
non-ionized ammonia is readil y reabsorbed. This 
changes the kidney from an ammonia excreting 
into an ammonia generating organ. The most seri
ous fo rm of alkalosis is induced by hypokalaemia 
(Fig. 37. 1 I). Low plasma potassium is replenished 
by exchanging intracellular potassium for sodium 
and hydrogen; the hydrogen shift induces extra-

EXTRACEllULAR 
flUID 

alkalosis 

CEll. 

I~ 

Figure 37.11 Hypokalaemia causes a shift of potassium 
ions from cells into the u tracellutar fluid. in exchange for 
hydrogen (and sodium). This causes intracellular acido
sis and extracellutar atkalosis. Molecular ammonia from 
the circulation can easily penetrate the cells. There it 
becomes ionized which prevents its back-diffusion out of 
the eel!. This may result in ammonia toxici ty. 

cellu lar alkalosis and intr:r.ccllular acidosis. 
Ammonia penetrates the cell membrane easily but 
intraccllularly it becomes ionizl'ii and cannot 
leave the cell , thus acting as a o ne-way scavenger 
of ammonia. 

H ypokalaemia can occur in chronic liver dis
ease. Potassium may be lost in cases of diarrhoea 
or when potassium-losing diuretics are used to 
treat asci tes. In cases of dehydration, activation 
of the renin-angiotensin-aldoslerone system 
induces renal sodium and water retentio n and 
potassium loss. fo r example as oecurs when port.al 
hypertension causes ascites formation. 

Catabol ic conditions arc common in advanced 
liver disease and may contribute to the onset of 
H E. Increased breakdown of peripheral proteins 
liberates glutamine which gives rise to ammonia 
formation. The neurotoxic action of ammonia is 
funhe r enha.nced by merca.ptans produced by 
intestinal flo ra out of methio nine (Meri no et al., 
1975). Methioninc is pan of many so called % 'cr 
supporting' medications that are cliniully useless 
and in any event, should not be given orally. 

Ammonia measurement in plasma is the only 
practical way to diagnose HE. Due to the incor
pOTlltion of ammonia into glutamine the mean 
anerial concentr:r. tion may exceed that in venOU5 
blood and moderate increases can be missed in 
venous samples (Rothuizen and van den Ingh. 
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1982;1). In cases of doubt an ammonia 101erance 
test always gi,'es a clear result. About 40% of dogs 
with H E have ammonium biurate crystals in the 
urine sediment. If present. these are highly spe
cific for conditions causing H E in dogs other than 
Dalmatians. These crystals resuh fro m inadeq uate 
hepatic metabolism and excessive urinary excre
tion of bo th ammonia and uric acid (Marelt'a ('I al., 
1981 ). Some animals arc presented with signs of 
haematuria or d)'Suria due to these uroliths. 

Increased GABA/BZ receptor tone 
Anaesthesia with benzodiazepines, acepromazi ne 
and barbiturates should be avoided if possible in 
patients with H E. The best anaesthetic regimen 
for animals with liver dysfunction used in the 
author's clinic is premedication with a low dose of 
fentanyl and droperidol followca by induction of 
anaesthesia with intra\'enous sufentanyl (an opi
:lIe) dosed to effect. Anaesthesia is maintained by 
a combination of slow infusion of sufentanyl and 
low dose inhalation of isoflurane with oxygen and 
nitrous oxide by mechanical ventilation to ensure 
adequate oxygenation. Mo nitori ng the blood 
pressure may be impo rt'lIlt because haemo
dynamic inst:lbililies may resuh in irreversible 
cerebral necrosis. 

Impaired calecholaminef\llc neurolransmlsslon 
The der.anged neutral amino acid metabolism has 
a few consequences. Firstly, catabolism due to 
anorexia should be prevented o r treated . In se\'ere 
cases intra\'enous feed ing support can be of 
importance and if so glucose and amino acid infu
sions arc indicated (Laflamme, 1988). The type of 
amino acid5 chosen fo r infusion shou ld be aimed 
at normalizing the BCAA:AAA ratio. 

The deranged catecholamine metabolism also 
Ilclps to explain the cause of polyuria which 
occurs in aboUl half the patient! with chronic li\'er 
disease. Catecholamines inhibit the release of 
adrenocorticotrophin (ACTH), the hormone 
which n imulates cortisol secretion from the 
adrena ls. Failure of this inhibition results in an 
increased ACTH relcue and hypercortisolism 
(Rothuizen and Mol, 1987; Meyer and Rothuizen, 
1994). Chronic cortisol cxcess and deranged 
GABA neurotransmission induce in.tdequate 
pituitary secretion of antid iuretic hormone ( V;150-

pressin) and hence impairca urine conccntr:nion 
by the kidneys (Rothuizen el al. , 1995a.b). 

Treatment 01 HE 
HE may occur in a variety of liver disease5 and it 
is of prime importance to diagnose and if possible, 
treat the underlying disease. Symptom:ltic sup-

port of H E may gain time for treatment of the 
undcrlying disease, prepar.1.t ion of a patient for 
surgery, or provide life-long support when liver 
func tions arc permanently damaged. HE u n be 
treated by feeding a low-protein high-carbohy
drate diet to reduce intestinal ammon ia :lnd AAA 
production (Laflamme, 1988; Bauer and Schenck, 
1989). The caloric requirement must be fulfilled to 
prevent c,ltabolism. Thc degree of protein restric
tion dl'pends on the condition. In cases of chronic 
active hepati tis and cirrhosis, the inflammation 
can be cured but the fib rosis and often the pOrtO
systemic collaterals remain. Sueh animals need 
li'(e-Io ng protein restriction at a level JUSt suffi 
cient to prevent H E and yet not to compromise 
hepatic protein synthesis which cou ld induce 
ascites formation. In contras t, ,"cry strict protein 
reduction is needed fo r short-tcrm prcparation of 
paticnt! with congenital shunts for surgery, since 
anaesthesia is more complicated in case of overt 
HE. Cat5 require about twice as much protein as 
dogs, but otherwise similar recommendations 
should be followed. 

tn cases rt'quiring long-term treatment of HE 
oral administration of disaccharides such as lactu 
lose (I - J ml kg- ' day-t in dividl-d doses) may be 
helpful. L1C1ulose is not absorbed in the small 
intestines and is degraded into volatile free fatty 
acids by colonic b;\cter;a (Conn and Bircher, 
1989). The resul ting acidification gives :J. shift 
to non-absorbable ionized ammonia, increuca 
colon motil ity and an a.ltered and less ammo nia
genic fl ora. In animals wi th advanced HE. forced 
intravenous diuresis (l00 ml kg-I day-I) to excrete 
as much ammonia u possible and intra\'enou5 
feeding (glucose and amino acids with a 
favourable BCAA:AAA ratio) is essential. 
Furthermore, conditions that aggravate H E, like 
hypovolaemia, hypokalaemia and alkalosis should 
be correctca and drugs like benzodiazepines, bar
biturates and methionine avoided. Glucocorticoid 
med icatio n which induces catabolism should be 
a\'oided if possible, :llthough it remains the drug 
of choice in chronic active hepatitis. 

• Blood ,oagulopathy In liver disease 

All of the dOlting fac tors except the Von 
Willcbrand subtype of factor VII I are synthesized 
in the li ver. The activation of f.tclo rs II , VII, IX 
and X depends on the availability o f vitamin K, 
which may be poorly absorbed in cases with 
extrahepatic cholestuis (Neer and H edlund, 
1989). The equilibri um between activation and 

Avtor 0 Las" e 10 gradivo 



inactiv:l.tion of th~ coagulation c;lKad~ depends 
also on clotting inhibiting proteins, mainly 
antithrombin III, which is synthesized in the 
liver. In addition, the clearance of activ:l.led clot
ting bctors :I.t1d of antithrombin d~pends o n th~ 
reticuloendothelial system which is largely local
ized in the liver. The li\'er may also affect the 
primary h:l.cmostasis by pro longed retention o f 
thrombocytes at their si te of degf:l.d:l.tion, the 
spleen, due to portal hypertension. This may 
induce abnormally low thrombocyte counts. 

Although the liver m:l.y affect blood cOOlgul:l. 
tion in many ways, dissemin:ued intravascular 
coagulation (D1C) is the most fr~uent :l.nd seri
ous coagulopathy (Badylak, 1988; Badylak e( aI., 
1983). This occurs esp~cially in cases with diffuse 
liver cell n«rosis such as some forms of hepatitis, 
lymphosarcoma or mctastatic tumours. The coas
ulopathy may be subclinic:l.l. For this reason it is 
essential to measure blood coagulation and 
plasmOl fibrinogen before taking a liver biopsy. 
Fibrinogen levels below t g 1.1 arc an absolute 
contf:l.indic:l.tion for liver biopsy. 

There is little point in treating coagulopathy 
due to liver disease. DIC will disappear sponta
neously if the underlying disease can be success
fu lly treated. 

I HISTORY TAKING IN HEPATOBILIARY 
DISEASES 

The recognition of liver disorders bued on his
tory and clinical signs is usually difficult. Most of 
the signs arc non-specific and thus liver diso rders 
are often overlooked. The incidence of liver and 
biliary tract diseases is around \-2% of all clinical 
cas~s in dogs ;md cats, but this figure dep~nds on 
the breed and COUntry (Andersson and Scvelius, 
199 \ ). For example, the incidence of i nheriu~d 
portosystemic shunts alone in the Irish 
wolfhound and Cairn terrier population in the 
Netherlands is 4 and 2%, respectively (Meyer et 
al., \995). 

The difficulty in interpreting cli nical signs ma), 
occur for several reasons. The liver plays an essen
tial role in numerous metabolic processes :md dis
turbances in these can affect the function of other 
organ systems, which often leads to the impres
sion that dysfunction of the other system is the 
prim:l.ry disease. H epatic encephalopathy Olnd 
polydipsia:l.re good examples. The liver may also 
be affected secondarily by diseases of other o rgan 
systems, with the result that the same clinical 
signs and abnormal laboratory find ings can occur 
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as in a primary liver diseue. For txample, primary 
liver disorders often cause vomiting :l.nd di:l.r
rhota, while at the same time a primary gastro
intestinal disorder often rtsuh.s in a secondary 
(rtactive) hepatitis. In both cases the signs arc the 
same and laboratory tcsts indic:l.te liver damage. 
In addi t ion, dogs with polyu ria and polydipsia 
may hOlve markedly clevated alkaline phosphatase 
(AP) and moderately elev:tted al:,"int 3minotrans
(erase (Al T) in plasma. These findings 3re consis
tent with hyperadrenocorticism, but also with 
many primary livtr disuscs. 

The most important signs and the frequency 
with which they occur in prim3ry l iv~r diseases 
reftrred to a university clinic arc given below. The 
panern in :t firs t opinion popul:ttion is prob3bly 
s imi lar. These signs occu r in a variety of combina
tions in many liver d iseases: apathy and listless
ness (60%), reduced appeti te (59%), vomiting 
(58%), weight loss (50%), polydipsia (45%), 
diarrhoea (27%), reduced cxercise toler:mce 
sometimes assOCi3tM with w~akness (27%), 
ascites (21 %), neurological signs such as at:l.)ci:l. 
and compulsive walking and sometimes epilepsy 
( 12%), icterus (12%), abnormally light coloured 
(acholic) faeces (7%), abnormal bleeding ten
dency (1 %) and p:l.inful, frequent micturi tion 
(0.5%). Abdominal pain is very rare, but is some
times seen with cholecystitis. 

The pOlthophysiology of these signs is explained 
in the preceding part of this chapter. It is impor
tant to re:l.lize that the emire spectrum of signs 
m3Y occur in most hepatobiliary d iseases :l.nd it is 
impossible in most cases to rclate them to a 
specific liver disease. 

I PHYSICAL EXAMINATION 

Physical examination related to hepatobiJiary 
diseases should concentra te o n the mucous 
membranes and abdominal palpation. In case of 
hepatomegaly or ascites, examination of the 
cardiovascular system is indicated to rule out 
card iac d isease. 

Abnormalities of the mucous membranes may 
include icterus, pallor and indications of coagu
lop3thy. Mild an:l.emia is common in hepatic dis
eases due to reduced erythrocyte survival time 
and inadequate erythropoiesis, but is non-specific 
since it occurs in many other d isorders. The 
degree of pallor of the mucous membranes is 
important in cases of icterus, since o nly in acute 
and massive haemolysis, for example autoimmune 
haemolysis, does the liver become secondarily 
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damaged. In all other cases icterus indicates hepa
tobiliary disease. Icterus is most easily detected by 
yellow-coloured sclerae. In case of doubt centri
fugation of pllsma :\lways revells the readily 
visible colour of bili rubin even in slighdy 
increlsed concentratio ns. Coagulop;lIhy in liver 
d isease is almost alwlYs due to DIC, which m.;ay 
be visible in rare cases as petechiae in mucous 
membranes or thc skin. Of course, petC(;hiae are 
not specific for hepatic d isease. 

Hepltomcgal)' may be palpable on abdominal 
examination. In general, hepatomegaly is rafe in 
liver diseases of dogs. It occurs onl)' in case of 
tumours and scrondar)' involvement of the liver 
in systemic diselses, such lS venous congestion, 
fany infiltration in diabetes mellitus, glycogen 
accumu lltion in hyperadrenocorticism, .;amyloid
osis, lymphoma and metastatic tumours. In con
trasl, hepatobiliary diseOlSe$ in cats are commonly 
associated with hepatomegaly. The anatomical 
rC"latio ns between d iaphragm, liver lnd thoracic 
wall in cats permit easier detection of liver 
enlargement limn in dogs. As a rule of thumb, all 
hepatobiliary diseases except congenital pono
systemic shunts may induce hepatomegaly in 
cats. C:n s mly l lso have li"er enlargement due to 
systemic diseases. 

Abdominal palpation may also re"eal 
spleno megaly in cases of pon.;al hypenensio n. 
This is not always so lnd an enilrgcd spleen may 
occu r with other conditions. Ascites due to ponal 
h)'pcrlension andlo r hypoproteinacmia may also 
indic.;ate liver d isease. Although there arc many 
other d iseases thlt can induce ascites formation. 

Non -specific findings aS50cilted with liver 
d ysfunction include some degree of emaciation 
and an indication of hyperadrenocorticism which 
may be secondary to li"er disease (see hepatic 
encephalopathy) with muscle atrophy, abdominal 
distension and symmetric alopecia. 

I LABORATORY EXAMINATION 

There arc l number of different calegories of 
laboratory blood tests which can be used in the 
diagnosis of hepatobililry diseases. These include 
enzyme activities in plasma, bile acid concent ra
tions, scrum proteins, blood coagulation tests, 
ammon ia and .;ammonia tolerance tesls and .;a 
miscellaneous group. There is a tendency in many 
clinics to use ' liver profiles' incorporating as 
many parameters as possible to characterize 
hepatic d isease. Thorough consideration of these 
parameters has introduced anothcr philosophy to 

usc o nly those parameters thai rellly aid in the 
assessment of the d isease. 

• Plasma enzymes 

The measurement o f enzyme lctivities in plasma 
is based o n the assumption that changes in the 
liver or bile ducts cause more enzyme than normal 
to be released resulting in increased activity in the 
blood (Abddkader and Hauge, 1986). Enzymes 
mly be released due to nC(;rosis of the cell o r 
increased permeability of the cell membrane. The 
laller cond ition may be transient and complelely 
reversible with only cytoplasmic or cell mem
brane-bound enzymes released. The enzyme 
activity in plasma depends on the number of cells 
involved pef unit time, the cellular concentratio n 
of the enzyme and its subcellular location. l.n the 
circulation the enzymc is cal3bolized at .;a rate 
measured by the half-life, which is specific for 
each enzyme. This degradation occurs predomi
nantly in the reticuloendothelial system in the 
liver. As a resuit of these fa clors. the plasma activ
ity is d ifferent for different enzymes in the same 
sample. H igh concentration in the cell and a long 
half-l ife in plasma make an enz)'me a sensitive 
indicator of liver damage. 

It is important to appreciate Ihat en7.ymes 
indiclte the d~"gree of liver cell damage and not 
the funct io n of the liver. High enzyme activi
tics can occur in acutc liver degcneration which 
may be transient, reversible and because of the 
large reserve capacity of the liver, of no signifi 
cant influence to li,'er function. In contrasl, 
chronic liver discase may take months or years 
to reach the symptomuic stage; the enzyme 
release per time unit is low giving normal o r 
slightly elevated levels. H owever, .;at the same 
time liver function may be dramatically 
impaired . In other words, liver enzymes tend 
to lose diagnostic sensiti"ity in chronic, 
advanced liver diseasc. 

Enzy mes arc not only prescnt in the liver but 
may be found in many other tissues (Sutherland, 
1989). The same type of enzyme present in differ
ent tissues may. despite being detC(; ted in the same 
way in the plasml sample, be physically different 
with respect to plasma half-life and molecular 
chargc (pKJ; so called isoenzymes. Differences of 
isoenzymes in half-life and rdative concentrations 
in the li\'er .;and other tissucs detcrminc thc speci
fici ty of the enzyme in the diagnosis of hepato+ 
biliary diseases. The mosl imponant enzymes in 
the dog and cat arc discussed below. 

Avtorsko zasc !e'lO gradivo 



A/killne phosph6"s. 

Alkaline pho§phat:m~ (AP) occun in mmt organs 
but p rimarily in bone, liver, kidney, small bowel 
mucosa and pbcenta (Wellman I.'l al., 1982). 
H epatic AP resides mainly in the hepatocytes lin
ing the canaliculi and in bile duct epithelium. The 
enzyme is present in the microso mal membranes 
of the cell. AP from the kidney and intestinal 
mucosa is mostly releasro into the urine ;l.nd 
intc.stinal lumcn, respectively. The half-life of the 
intestin :l. l, kidney and placental AP is only a few 
minutes, so the contribution of AP from these 
o rgans is negligible. The h:l.lf-life of AP from liver 
and bone is about 70 hand AP from these sources 
can cause elevated AP :l.ctivity in plasma. In 
cholestasis there is also back-diffusion o f bile into 
the circulation. Extrahep:nic cholesl.:uis usu:llly 
C:luses very high plasma AP :l.ctivity. 

In additio n, glucocortieoids, either endogenous 
or exogenous, can induce a hepatic isoenzyme of 
AP, leading to increased AP activity (Sanecki ct 
al., 1987). This isoenzyme can be recognized, 
becausc after heating plasma to 650 C for 2 min, 
the liver :l.nd bone AP ;ue almost completcly inac
tiv:l.ted whereas glucocorticoid-induced AP is not 
(feskeet aI., 1986). In the cat AP is of less impor
tance in diagnosis bec:luse the half-life is very 
short (5.8 h). There is no heat-stable isoenzyme 
induced by glucocorticoids in c;us. 

In young growing dogs, the high m teoblastie 
activity gives normal AP values 2-3 times higher 
th:l.n in mature dogs. In the :l.bsence o f skeletal 
diseilSe (osteomyelitis, osteosarcoma, fract ures) 
increased plasma AP is always of hepatic origin, 
either due to hepatobili;l.ry disease o r to induction 
by steroids. AP is the most sensitive enzyme in 
dogs for the detection of hepatobi liary diseases. In 
the absence of skeletal disease it is also highly liver 
specific. 

G6mm6-glulamyllTBnspeplid6se 

Gamma glutamyl transpcptidasc (.,cT) is very 
liver specific and is localized in cell membranes o f 
the bile duct epithelium. It is also found in the 
kidney, intestine and brain, but these do not con
tribute to plasma .,cT. In dogs and cats elevated 
..,cT indicates cholestasis. It is released into the 
blood from damaged bile duct epithelium and by 
hack-diffusion o f .,cT-containing bi le into the 
circulation. In the cat, in which AP has less clini
cal importance, )<iT is a slightly more sensitive 
parameter (Center ct al., 1986b). In the dog, it is 
sometimes possible on the basis of)GT measure· 
ments to say whether or not :l.n elevated AP is 
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associated with cholestasis, but it is still not possi
ble to determine the underlying cause. In thc dog, 
..,GT is elevated in 80% o f liver disorders and is 
therefore not very scnsitive. During recovery 
from a hepatobiliary disease the plasma ..,GT 
remains elevated fo r longer th:l.n othcr cnzymes. 

Transaminases 

Alanine aminotransferase (Al T ) and aspartate 
aminotransfer;l.se (ASn were known in the older 
nomencl:l.ture as GPT and GOT, respectively. 
The biological half life o f both Al T and AST is 
3- 5 h. AlT is liver specific in dogs and cau with 
relat ively little activity in othcr tissues. It is local
ized in the cytoplasm o f hepatocytes and releasl-d 
by damage to the cell membrane (Aminlari et al., 
1994). The cell docs not have to be irre\'ersibly 
damaged . Al T is elevated in nearly 90% of dogs 
with liver disorders. In both the dog and the cat, 
Al T is fa irly sensitive and specific and thus a 
good parameter for use in screening for the 
presence of liver disease. 

AST is not liver specific. In the dog it is mainly 
present in cardiac and skeletal muscle ;md o ther 
tissues with less in the liver. In the cat it is more 
limited to the liver. AST is chiefl y located in the 
mitochondria and thus only rcle3sed by cell death. 
AST is increasro in 74% o f dogs with liver 
d iseases and is thus Icss sensitive and specific. 

Other enzymes 

Other enzymes have been used to e\'aluate liver 
diseases. Examples include lactate dehyd rogenase 
(lDH), sorbitol dehydrogenase (SOH), gluta
mate dehydrogenase (G lDH), choline esterase 
(CH E) and 5'-nucleotidase. These enzymes are 
less useful than those already discussed due to a 
lack of sensitivity and/or specifi city. 

• Bile acids 

Bile acids in plasma arc very speci fi c for detecting 
hepato bi liary disease. The plasma concentration 
depends on a number of liver functions and on 
intestinal absorption. Reduced hepatic functions 
such as clearance from plasma (parenchymal dis
ease or pOrtosystemic collateral circulation), con
jugation, bil iary cxcretion and bile transport may 
;1. 11 give rise to increased bile acid concentrations. 
In most hep:l.tobil iary diseases one o r mo re of 
these dysfunctions is present and hence bilt' acids 
arc not usefu l for differentiating between different 
types of liver d isease. For example, very high 
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lewis may be detected in both portosystemic 
shunting and in eXlrahepnic cholestasis. 

Bile acids arc more sensitive and spccific Ihan 
AP and ALT and unlike the enz.ymes, bile acids 
indicate hepatobiliary functio n rather than aClUal 
cellular damage (Center t't aI., 1985a, 1986:1; 
Rutgers et al., 1988). Bile acids arc the-refore ofte-n 
very raised in animals with chronic disease and 
severely impaired liver function, in which the 
enzymes lend 10 be rclati\'cly low (Johnson tt aI., 
1985). In some cases with equivocal fasting bile 
acid concentr.ll ions, it is necessary 10 take an 
additional measurement twO hours after feeding 
(Center et al., 1991 ). 

Bile acids in plasma arc a mixture of the differ
ent bile acid metabolites which u e all measured 
by the same enzymatic reaction. It is possible to 
measure the individual bile acid metabolites. but 
this requires elaborate procedures and there is no 
proven additional clinical value. Theoretically, 
abnormall)· lo w bile acid levels could occur in 
cases of inadequate production in the li\'er or 
when in intestinal loss due 10 inadequate absorp
tion is not compensated fo r by hepatic symhesis. 
H owever, the normal bile acid conccntration in 
plasma is so low that decreased values are below 
the detection limi t. 

I Blood exam ination In the diagnostic 
screen ing tor hepatobillary disease 

In general. blood examination does not permit the 
discrimination of one liver disease from another. 
The same spectrum of changes may be present in 
different disuses of the liver or biliary tract. 
Therefore exu:ndw liver profiles including mo re 
parameters do not increase the diagnostic \'alue of 
blood examination. Blood parameters are- com
monly evaluated for diagnostic ,'alue by their ten
dency to be increased in liver disease (sensitivity), 
which is in fa ct a comparison of animals with liver 
disease and heahhy indi,·iduals. In practice, how 
ever, the cho ice is not between liver disease and 
health, but between liver disease and any other 
disease with similar signs and physical findings. 
Hence, the specificity in the rele\'ant patient 
population is of prime importance. Muiti\'ariate 
analysis of a large number of parameters mea
sured in o ur dinic in a patient population in 
which the presenu of hepatobiliary disease was 
o ne of the differential diagnoses (b:ued on history 
and physical examination) re\'ealw that total bile 
acids, AP and A L T had the best specificity and 
sensitivity. 11le combinations of bile acids with 

AP and of bile acids with A L T were vcry effic ient 
in screening for hepatobiliary disease, with at least 
one parameter increased indicating disf."ase. 
Addition of more parameters did not improve the 
specificiry or sensiti\·ilY. The next best combina
lion was AP with A L T, which is also specific but 
less sensitive than a combination including bile 
acids. AP in Cats is quite insensitive 10 detect 
hepatobiliary diseases; in thi s species ALT with 
bile acids is the beSt combination for screening. 

For animals with neurological signs in which 
hepatic encephalo pathy is suspected, measure
ment o f ammonia or an ammonia tolerance test 
is the most direct approach. Normal ammo nia 
values lead to the d iagnosis of a primary neuro
logical disorder; hyperammoniaemia should be 
foll owed by further diagnosis of the underlying 
liver dise.ue. 

It may be useful to measure parameters indicat
ing relevant aspects of the liver fun f;tion, such as 
serum proteins or plasma ammonia in specific 
cases. A good example is chronic active hepatitis 
in which hypoalbuminaemia and portal hyper
tension may induce complications such as 
ascites, pOrtosystemic w Haterals and hepatic 
encephalopathy. Such a diagnosis may be fol 
lowed by measurement of ammonia. serum pro
teins or the degree of shunting to evaluate the 
risk o f complications thaI may be prevented by 
specific measures. Such extended measurements 
do not contribute to the diagnosis but serve to 
improve the d ininl management of a patient with 
a known diagnosis. 

• Other blood examinations 

Chronic dysfunction of the liver can cause 
hypoalbuminaemia (Meyer and Center, 1986). 
Albumin and most of the protein factors in 
coagulation arc produced exclusively in the liver. 
H ypoalbuminaemia rarely reaches the oedema 
limit (about 15 g I-I). The biological half-life o f 
albumin is 12 days. 

In hepatobiliary diseases, blood coagulation 
may be abnormal usually as a result of DIe. 
Measurement of fibrinogen is required before the 
liver is biopsied to be sure that there is no severe 
coagulopathy (fibrinogen <I g I-I). 

Ammo nia is an impo rtant parameter when 
hepatic encephalopathy is suspected. as is the 
ammonia tolerance test (ATI). An ATI should 
be performed in all cases in which the fasting 
ammonia is only slightly elevated. Ammonia 
measurements easily give erro neous results. 
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Ammonia forms quickly from prOieins, am ine! 
and urea in blood at room temperature and 
therefore samples should be placed immediately 
on icc and ccmrifuged in a cooled ccmrifugc. 
Measurements should be performed as quickly 
as possible. Plasma may be kept at G-4<>C fo r 
4 h. or frozen :tt - 200c for 24 h unti l analysis. 
Other sources for errors arc saliva, sweat or 
cigarette smoke. Therefore, the inner side of the 
tube stopper should not be touched and smok· 
ing prohibited in tbe clinic and labomory. It is 
also CHentialto avoid contamination with traces 
of the ammonium cbloride test solution during 
an AIT. 

In the A IT, an ammoni:t·conuining solution 
may be administered rectany o r or.llly. The 
r«tal :tmmonia :tdministration is well tolerated 
whereas oral ammonia may induce vomiting. 
Two m1 of a 5% ammonium chloride solution 
per kg body weight is given rect:llly using a 50ft 
catheter introduced to a depth of 10-20 em 
depending on the size of the :tnim:tl. Blood is 
sampled just before and 20 and 40 min after 
the ch:tllenge (Rothuizen and v:tn den Ingh, 
1982b). Animals with liver disease but without 
portosystemic collater.ll circulation show no 
increase of the plasma ammonia concentration 
during the test; in all animals with shunting 
there is at least doubling of ammonia when 
basal values are only moderately increased. In 
cases with very high basal concentrations the 
rise may not be significant. Worsening of the 
HE due to the ammonia load is not seen with 
tbis dosage. 

I INVESTIGATIVE TECHNIQUES 

• Liver biopsy procedures 

"'enghlnl technique 
In most diseases of the liver and biliary traet the 
histological changes arc specinc and the diagno
sis can be made by hiswlogical examination of a 
liver biopsy. The simplest t«hnique is percuta
neous (so-called 'blind') liver biopsy which c:tn 
be obtained under local anaesthesia. The biopsy 
is obtained from the left side of the liver to pre
vent rupture of the gallbl:tdder, whieh lies on 
the right side, and also of large blood vessels 
and bile ducts in the hilus. The liver makes 
large excursions with the diaphragm and there
fore it is imponant to choose a biopsy tech-
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nique where the needle emers the liver for as 
shon a time u possible to prevent trauma to 
the liver. This is possible with the Menghini 
cannula; other biopsy devices may require 
several sc<:onds in the liver. For dogs the best 
cannula size is 18 cm long and 1.4 mm outer 
diameter; the typical biopsy weight is 20 mg. 
For cats a 14 cmJ1.2 mm device is appropriate. 
Liver tissue should be immediately nxed in 5% 
buffered form:ddehyde. 

With the dog lying on iu right side, the 
Menghini needle is introduced in the midline 
1-2 cm behind the xiphoid process. After disin
fection of the skin and injection of local anacs· 
thetic, a small stab incision is made through the 
abdominal w:tll, to permit introduction of the 
Menghini cannula which is attached to a 5 ml 
syringe filled with saline. The blunt tip of the 
c:tnnula may be used to carefully 'palpate' intra· 
abdominal Structures without immediately pen· 
etrating them. This is important because one 
must be cert:tin to puncture the liver and not 
other structures such as the stomach, which is 
painful, or the diaphragm. The animal must be
f:!.sted for at le:!.st 6 h, since it can be difficult to 
find the 1i\'er beyond a fu ll stomach. 'Palpation' 
of the liver with the cannula requires experience 
obt:tined on cadavers. The site of the left l:!.teral 
and medial lobes depends very much on the 
shape of the animal; in dogs with a deep che-st 
the cannul:!. has to be advanced underneath the 
stomach to reach the liver, whereas in brachy· 
cephalic breeds the liver is immediately within 
reach. The diseased liver m:!.y be small o r 
enhrged, thus altering the anatomical rdation· 
ships. With the tip of the cannula on the liver 
surface, the :tctual biopsy is performed within :!. 
second by pcnetr.lting the liver 2-3 em and 
gently aspir.lung tissue inlO the tip of the nee
dle, which is kept there by maintaining suction 
whilst withdrawing it. The cannula contains a 
mandrin 3 em shoner than the needle which 
pre\'ents liver tissue being aspirated into the 
syringe and broken into pieces. It is preferable 
to takC' tWO biopsies. since this considerably 
increases the diagnostic accuracy. It should be 
remembered that a biopsy obtained in this man 
ner is a blind umple of the liver and that a local 
process could be missed which should be borne 
in mind if the histological report does not agree 
with the clinic:!.1 or biochemical abnormalities. 
In cases of ascites the abdominal wall and the 
skin must be closed with a few sutures 10 pre
vent leakage of fluid. 

The comraindications for a liver biopsy are 
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severe congestion o f the liver and abnormal coag
ulation (fibrinogen below I g 1_1 ). Percutaneous 
liver biopsy may be impossible in an animal wi th 
ascitl."s with a slllall. hard and fibrotic liver. which 
moves away in the ascitic fluid when touched by 
the needle. In such cases laparoscopy or laparo
tomy may be required to obtain liver tiu ue for 
histological exolmination. 

The moljor disadvantage o f the blind procedure 
is that focal lesions may be missed. This is pre
\'ented by perform ing ultrasonography of the 
liver befo re pUllcture. Ultrasonography visualizcs 
the structure of the liver and foca l processes as 
small as 5 mm may be sampled under ultrasoulld 
guidance (Hager et a/. , 1985 ). 

Possible complications of liver biopsy arc 
prolonged bleeding from the liver, gallbladder 
or bile duct ruplUre and trauma to the stomach 
or diaphragm and thoracic structures. Liver 
biopsy is a relati\'eJy simple and safe procedure 
in experienced hands, but it should not be 
altcmpted o n an occasional basis by all inexperi
enced persoll. The aUlhor has performed many 
thousands of blind biopsies and seen only a few 
complications. 

Fine needle biopsy 

Li\'er puncture may also be performed to o btain 
liver cells for cytological instead of histological 
examinatioll. Fille needle aspiration biopsy using 
:I. 22G needle (:> dispos:>ble injection needle is 
long enough in most cases) provides enough 
li ver cells to make a smear which can be 
examined cytologically. The smear is air dried 
and can be kept in that condition before stain
ing. Since the histological structure is lost, only 
changes that may be recognized in individual 
cells arc delectable, such as fat , glycogen, or 
copper accumulatio n in hrpatoc}' tes or the 
presence o f tumour cells (Kristensen l't al .• 1990; 
Teske ct a/., 1991). The advant-age of fine need le 
aspiratio n is that it is simple, safe and the stain
ing and examination may be completro within a 
day. Fine need le biops)' may also be performed 
in cases with coagulopathy and therefore mea
surement of coagulation parameters is not essen
tial. The autilOr prefers a right intercostal 
approach, because the right part o f the li\'er lies 
in elose contact with the abdominal wall. TIle 
nt .. edle is connecu . .a to an air-filled syringe and 
the 11\'er is punctured and aspirated in the right 
10th intercostal space at the chondrocom.l junc
tion after I.x al dis infection of the skin. Local 
anaesthes;;'I is not required. 

For all biopsies it is important 10 r('alize that the 
elinician depends very much on the experi('nce of 
the p:tthologist or eytologisl. 

• Laparoscopy 

Laparoscopy is the examination of the abdominal 
cavi ty with :t rigid endoscope. It allows insp&:tion 
of org3ns and guided bio psy. Laparoscopy can be 
performed when local processes 3re suspected in 
the liver or when the percutaneous technique fails 
to obtain a biopsy (Rothui7.en, 1985). The tech
nique is of less importance since the introduction 
of ultrasonogrlphy. The equipment is expensive 
and complications may occur. 

• Ultrasonography 

Ultrasonography has become widely available 
and may be used to visualize the liver, gallbladder 
and portal and hepatic veins. An experienced 
investigator can detect local structural changes 
such as tumours. :tbseesses o r hyperplasia as well 
as diffuse procC'sses. Gallsto nes, distended bile 
ducts and abnormal \·ascular structures such as 
congenital po rtosystemie shunts may also be seen. 
It is advisable to perform ultrasonography rou
tinel y before taking a perCUt31leOUS liver bio psy. 
It is possible to puncture localized structures 
under ultrasound guidance and this considerably 
improves the diaglloslic accuracy of li\'(:r biopsies. 

• Portography 

The course of the portal vein and the presence of 
acquired ponal collateral vessels can be \·isualized 
by portogrJ.phy (Suter, 1982). The simplest 
method is by the inj&:tion o f a contrast material 
into an intesti nal vei n via a small laparotomy 
incision (po rtal venography). Catheterization of 
lhe coeliac o r the cranial mesenteric artery via the 
femof3.\ :mery is indicated in cases in which 
arteriovenous shunts are suspected. 

• Radioisotope imaging of the liver 

These methods are o nly available in specialized 
centres, but can provide YC'ry precise, often quan
titative data concerning specific aspc-cts of the 
liver function (Kerr and Hornof, 1986; van den 
Srom and Rothuizen, 1990; Daniel et 'II., 1991; 
Meyer ct a/., 1994; Koblik ct a/., 1995; Bahr et a/ .• 
1996; Foster- \'an Hijft e et il l., 1996). 
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IHe liary Diseases of Dogs I 

I HEPATITIS AND CIRRHOSIS 

• Acula hopaliliS 

A.tIOIOf/Y 

Acute hep;ttitis c;tn be C;tustd. by cheminls such :u 
organic solvenu (Aguiler:!. ~t al .• 1988), phos
phorus (Burnell rt al., 1976), drugs including 
ru..lidixine ;tcid. p;tr:!.cet;tmol ;tnd mebenduole 
(Thornburg, 1988). vir:!.1 infection (infectious 
c:mine hep;ttitis) and mycotoxins (B:l.5lianello C( 

aI., 1987; Little ~t al .• 1991), Hepatitis resulting 
from sepsis (reactive hepatitis), leptospirosis and 
h;temolysis ;tre discussed in other sections. Drugs 
cont;tining sulphon;tmides may induce a severe 
ty~ of hepatitis which presentS mainly :u ;t 
chro nic dise~, destructive cholangiol itis. 

PlthDgenn/, 

De~nding o n the extent of the liver cell necrosis, 
intracellul;tr enzymes will be rele:utd. and bile will 
Ic;tk back into the circulation. In acute hepnitis;tll 
of the enzymes arc usu;tlly elevattd.. Fever rna}' 
occur :u :a result of pyrogens from necrotic tinue 
o r reduced removal o f endotoxins and bacteri;t 
from the pon;tl blood. DICoften occurs. Extensi"e 
liver cell necrosis with severe loss of liver function 
is referred to as fulminant h~patjtiJ :and le:l.ds to 
the development of hepnic encephalopathy, DIC 
and hypoglycaemia. This severe form progresses 
r:!.pidly to coma :and de:l.th. 

Acute hepatitis is ch:l.r:!.cterized by li"er necro
sis and the :accompanying infl:ammatory re:l.ction 
(Fig. 37.12). Depending on the severity of the 

Alire 37.12 Acute hepatitis with confluent lytic 
necrosis at the periphery of the acinus, 

hep:nitis, the:re: may be acidophilic bodies. foc:al 
necrosis and confluent or bridging necTOsis, 
beginning in the centre of the acinus, or there m:l.y 
even be musive liver necrosis. The necrosis is 
usually liquefying with collapse of the reticular 
fr:!.mework. but coagulnion necrosis c;tn also be 
found. The inflammatory infiltr:!.te consists o f 
round cells :md neutrophils with ceroid-filled 
macrophages c:alled 'scavenger cells', Infectious 
canine hep;ttitis (lCH) is usually ch:l.r:!.cterized by 
confluent and bridging necrosis in the cemrilobu
br zone and by the presence of imr:anucle;tr inclu 
sions in hepatocytes :lnd Kupffer cells. The virus 
can also be dcmonstrated by immunofluores
cence. 

Clinical signs 

Signs ;tre acute and include gener:!.1 malaise, 
anorexia, vomiting, dehydr:!.tion, icterus and 
sometimes fever and bleeding. In fulminam 
hepatitis there is r:!.pidly worsening HE. The clin
ical picture is entirely dependent on the severity 
of the liver d;tm;tge ;tnd may vary from insignifi 
c;tm to fulmin;tmleth;tl dise~, 

Diagnosis 

Blood examination reve:l. ls m:arked elevation of all 
li,'er enzymes and in most c~s bilirubin , The 
diagnosis is confi rnlcd by ~rcutancous livcr 
biopsy ;tfter checking blood clotting. Hepatic 
cnceph;tlopathy in fulminant hepatitis is charac
terized by excessively high blood ammonia 
values. It is o ften difficult to find the cause, but 
the history may be o f grc;tt v;tlue. 

M.n.gamant 

Only symptomatic tre:l.tment is possible using 
intravenous flu id ther:apy to correct hypo
vobemia, shock, acidosis o r :a lk:alosis. hypo
glycaemia and electrolyte disturbances. Avoid 
glucocorticoids; they arc unhelpful and contr:!. 
indicated in acute infections. In severe liver 
damage an antibiotic. for example ;tmpicillin, is 
indicated be<::ause bacteria in the pon~1 circulatio n 
:arc no longer effectively removed, The manage
ment of hepatic encephalopathy has been dis
cussed earlier in this chapter. Experimental 
studies have suggesu~d th;tt :l.dminislr:!.tion of 
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insulin and glucagon incre,lSes the survival rate 
but this treatment has not been developed for 
clinical usc. Th{' prognosis is entirely dependent 
on the degree and amount of liver damage. 

• leptospirosis (see Chapter 48) 

I Chronic acllve hepalilis (CAH) and 
Cirrhosis In the dog 

These two subjects are discussed together because 
they have the same pathogenesis and the clinical 
and pathological changes o ften overbp. CA H is a 
chronic hepatitis, characterized by periponal 
fibrosis, infiltratio n of lymphocytes and plasma 
cells and periponal liver necrosis. The li\'er is dif· 
fuse!y affected and hence a blind biopsy is suffi
cient to make the d iagnosis. Cirrhosis is a process 
with fibrosis and regeneration, in which the 
fibrous tissue o riginating in the portal areas of dif
ferent acini nuke connections. The normal acini 
are than dissected by fib rous tissue and the nor
mal architecture becomes d isturbed, with smaller 
or brger hyperplastic nodules (miero- and 
macronodubr cirrhosis, respectively). C ir rhosis is 
the end-stage of CA H . 

A.ll%gy 

C hronic act ive hepatitis is presumably the result 
of a viral infection in most cases. Infectious c;l.I\ine 
hepati tis ( IC H ) is thought to be one of the caus ... s, 
The author has found ant ibody lit res unrelated to 
vaccination against IC H in many cases. H owever, 
there may be Dlher as yet unidentified viruses 
which cause CA H. In thc case of IC H virus, 
infect ion in non-vaccinated animals gives a very 
acute disease which may progress rapid ly to ful 
minant hepatic failure. With previous vaccination 
which has not been boosted regularly, inadequate 
immune prot ... ction presumably leads to subclini
cal, o n going and progressive hepatitis (Gocke et 
al., 1967, 1970). It is known that aher experimen
tal infection with ICH in paniall y immune dogs, 
the virus only remains detectable fo r a few weeks, 
after which CA H develops. The disease is slowly 
progressi \'e over a period of months or years. Thc 
virus itself is nOt detectable in the chronic stage 
when clinical signs develop and the type o f 
inflammatory react ion and good response to 
immunosuppressive drugs suggest that the first 
injury brought about by the infection leads to an 
adverse immune response with a self· perpetuat;ng 

autoimmune Iype of li\'er ccll necrosis. C AH and 
cirrhosis may also result from other causes of 
chronic on-going li \'er cell damagc caused by anti
cOlwulsant drugs (Bunch, 1985, 1987; Oayrell
H art et al., 1991), chemicals o r toxins (aflatoxin). 
Inhcrited copper accumulation in Bedlington 
t{'rriers and West Highland white terriers also 
leads to damage of hepatocytes with secondary 
hepatitis and fibros is, The reaction, however, 
begi ns in zone 3 of the acini instead of the ponal 
areas. Although inherited copper toxicosis even
tually leads to cirrhosis, the disease should not be 
classified as CAH but as a distinct entity due to an 
inherited metabolic error. In Doberman p inschers 
there is a very aggressive form of CA H which 
does not respond to therapy; this is a sex- linked 
disorder of females and the underlying cause may 
well be an inheritl'd immunl' defect (Thornburg et 
al., 1984; C rawford ct al., 1985; van den l ngh et 
al., 19883; Franklin and Saunders, 1988) (Fig, 
37.13). H owever, there also appear to be many 
more subclinical cases in Dobermanns (Speety et 
al.,I996). 

Pathogen,s;s 
CAH is not a chronic extension of an acute 
hepatitis. The gradually progressive liver cell 
necrosis may cause a constant elevation of all liver 
enzymes and the bile acids, However, in less 
active hepatitis and in end-stage cirrhosis, the 
release of cnzymes into thc plasma may be 
insignificant and then the liver enzymes may be 
normal or onl)' slightly elevated. Icterus does not 
always develop. CA H is always a diffuse process 

Figure 37,13 Chronic active hepatitis in a dog with infil
trates of lymphocytes and plasma cells in the portal 
areas, Irom where it extends into the acinus (piecemeal 
necrosis). There is linle fibrous tissue and the acinar 
structure is intact. 
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throughom the liver. Liver function is diminished 
by the loss o f fu nctional tissue and reduced portal 
blood flow resulting from fibrosis (Kreuzer et al., 
1972). There are often low albumin and fi brino
gen levels. The conversion of ammonia remains 
adequate. Hepatic enceph.aiopathy can only 
develop if pon osystcmic collaterals develop as a 
result of portal hypertensio n. At this stage there is 
usu:ally cirrhosis and the liver is small. The associ
ated hypoalbuminaemia and portal hypertension 
eventually lead to ascites. T he asci tic flu id is clear 
and colourless, o r yellow if there is icterus. 

C AH may occur at any age and in any breed, 
although there is a predisposi tio n in some breeds 
as indicated above. The incidence of CAH is 
rel:atively high and it is o ne of the most commo n 
liver diseases (Stro mbeck and G ribble. 1978). 

C AH is characterized histologically by fi brosis, 
inflammation (mainly lymphocytes and plasma 
cells) and loss of liver cells. mainly in the form of 
piecemeal necrosis in the pon al areas. In cirrhosis 
formation of pon o ponal bridging fi brosis 2nd of 
hyperplas tic nodules o f liver parenchyma induces 
rebuilding of the o riginal structure (Fig. 37. 14). 
The inflammatory infi ltration and loss of liver 
cells (especially with piecemeal necrosis and 
acidophilic bodies) vary considerably, dependi ng 
on the activity of the process (Hardy, 1986; Jarrett 
et ai., 1987). In both cirrhosis and C AH there is 
usually hepatocellular cholest:l.sis. Depending o n 
the pathogenesis. the cirrhosis will be macron
odular or micronodubr. In the dog cirrhosis is 
mostly macronodular. In the Doberman pinscher. 
however, there is a chronic active hepatitis that 
develo ps into a micro nodular cirrhosis, with 
copper accumulation as a result o f a severe 
cholesu sis. 

Figure 37.14 Chronic active hepatitis and cirrhosis In a 
Doberman pinscher. The liver Is divided into hypolunc
tional hyperplastic nodules by librous tissue strands. 
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Clinical signs 

The most frequem signs, o nly a few of which may 
occur in anyone patient, include apathy, reduced 
appetite, vomiting, poor exercise tolerance. 
polydipsia, sometimes icterus, ascites, diarrhoea., 
weight loss and hepatic encephalopathy. 

Diagnosis 

Po lydipsia occurs remarkably o h en (about 75% 
of cases). Physical examination usually reveals no 
specific fi ndings. The liver enzymes are usually 
increased and there is often hypoalbuminaemia. 
The diagnosis can only be made by liver bio psy. 
In case of macronodular cirrhosis blind puncture 
of a hyperplastic nodule gives normal tissue. At 
least two diffe rent biopsies sho uld, therefo re, be 
taken. U ltrasonography prior to b iopsy is advised 
and cirrhosis may be suspcctc:d by the appearance 
of a small lh'er with an irregular surface (Fig. 
37.1 5). 

Management 

Prednisolo ne at a dose o f 1 mg kg-I darl is 
required fo r a prolonged period, preceded by a 
dose of 2 mg kg-I darl for one week. Prednisone 
i$ also useful but has to be made act ive by conver
sion in the liver into prednisolone. If the hepatitis 
does not respond adequately, then a combination 
of 0.5 mg prednisone kg-I darl and 1.0 mg aza
thioprine kg-I dar' should be used (Magne and 
Chiapella. t986). It is important to evaluate the 
response to treatment by liver biopsy (for exam
ple, every 6 weeks). Glucocon icoids themselves 
give liver changes and increased activities of liver 
enzymes and bile acids in plasma, hence blood 
exami nation is not suitable to evaluate the 
respo nse to treatment. Medication must be con
tinued until there is his tological resolution o f the 
hepatitis. If therapy is stopped too soon the 
hepatitis will recur. Treatment must be continued 
for at least 6 weeks and sometimes more than six 
mo nths. Without treatment, C AH progresses to 

cirrhosis. Apan from specific treatment d irected 
at the hepatitis, many patients need suppo rtive 
care di rected at dehydrat ion and management o f 
H E (see under that sttlion). 

The prognosis of C AH is favourable. 
Treatment is often successful and the disease can 
be cured completely. Sometimes there are later 
recurrences but these respond well w hen the 
treatment is repeated. O nly in the female 
Dobermann is the disease no n-responsive and 
usually lethal. 
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In cases of cirrhosis the prognosis depends on 
the activi ty of the on going hepatitis and the 
degree of liver regcncr.J.tion. If the hepatitis is still 
active (judged by the number of infl ammatory 
cells) there is a good chance that significant 
improvement C:ln be :ichicvcd. With the diup
pearance of the inflammato ry infilmltes in the 
pon:il :lreas, liver perfusion m3Y normalize :lnd 
ponal hypertension may decrease. The :author has 
seen cases with H E and 3scites due to cirrhosis 
and CAH. in which mcd ic;uion resulted in disap
pear:l.nce of the ascites, the signs of HE, reduction 
of the coll:uer:l.ls ,·isualized by angiography and 
impro\'ement of the ammonia to lerance tesl. Such 
cases require permanent precautions to avoid H E, 
by giving :l reduced protein diet and lactulosc. 
Complete r{'solution of the h{'patic lesions in 
cirrhosis is not possible :lnd the li"cr will 
remain fun ctio nally subno rm31. Ncvertheless, 
non-working dogs can be maintained at a sat ishc
tory le"cI for a long period. In cirrhosis there are 
no parameters by which the final outcome C:ln be 
predicted and thus eyery usc should be gi,'en a 
chance on therapy. 

For prevention it is imponant that dogs o btain 
regular booster vaccination against IC H. 

I Congenital hepaloporlallibrosls and 
porlal vein hypoplasia 

Pathogenesis 

Although an incre:lse in connective tissue devel
o ps in many disorders of the liver, it is seldom the 
only abnormaliry. Hepawponal fibrosis is a dis
order that occurs in young dogs of a few months 
of age. In "iew of the age and the fac t that it is 

Figure 37.15 Ultrasonogram 01 a bobtail 
with liver cirrhosis and ascites. The arrows 
indicate the Irregular surface 01 the liver 
lobes: the black areas in between represent 
free abdominal fluid. 

already a chro nic change, the cond ition is likcly w 
be congenital and seems 10 be inherited (\, ;l.n den 
Ingh and Rothuizcn, 1983; Rand t'l a/., 1988; 
Rutgers et ai., 1993). Such 3 disease scents 10 be 
quite prevalent in Cairn terriers, at le3st in the 
USA (Schermerhorn 1'1 al., 1996). The fibrosis 
c;l.uses pon:ll hypertension, leading to ascitcs and 
ponosystemic collatcr:l.ls develo p, which n n le3d 
to hep;l. tic enceph;l.lopathy. Portal hypoplasia is ;I. 

congenital dise:l5e in which the small terminal 
branches of the po rt;l.l "eins arc panially or com
pletely absent. There are cases in which po rtal 
fib rosis and portal vein hypopl;l.sia co-exist and 
the conditions ;l.re likely to be d ifferem forms of 
onc disease entity. 

The liver is small and hard. Large hyperpl;l.stic 
nodules ;l.re uncommon. H istologically there is 
either fibrous tissue in the port'al are:l5 or 
hypoplasia o f the branches of the portal veins, or 
both. In response to reduced ponal liver perfu
sion there can be proliferation of the arterioles in 
the portal are~. There is little or no infl;l.mmation. 

Clinical signs 

Signs include weight loss, abdominal distension 
due to :lscites, hepatic enceph:alopathy. polydipsia 
;l.l1d occasionally vomiting or di:lrrhoca. 

Oiagnosis 

Blood examination reveals hypoalbuminaemia. 
Liver enzymes may be elevated but bile acids 
arc increascd, ammoni:a ele\'ated and ammonia 
toler'J.llce test abnOrllUI. Differenti:ation from 
cirrhosis can only be made by histOlogical 
eX:lmination of a liver biopsy. In cases with 
o nly porta! vei n hypoplasi:l histology docs nOI 
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~rmit differentiation from congenital pOrto· 
systemic shunts or portal vein thrombosis, in 
which low portal perfusion :1 lso gives vcry small 
o r invisible portal vein branches. In these cases 
additional investig;nions such as ultrasonogra
phy or portogfllphy arc required. Abdominal 
distension due [Q ascites is fllre in portosystemic 
shunts, but is present in most cases of porul 
fibrosis or portal vein hypoplasia. Ascites in 
portal vein thrombosis occurs at any age and 
the flu id is serosanguineous instead of colour· 
less. 

M,n,gement 

The conditio n is incurable. Only symptomatic 
treatment can be given to reduce H E and ascites. 
These patients tend to deteriorate quickly once 
clinical signs develop. Euthanasia may therefore 
be encouragw. 

I Neonalal (lobular dissecting) 
hepatitis 

Plthogenesls 

This is a diffuse fibrosis most often in puppies 
1-6 months old, with pericellular fibrosis around 
all hepatocytes. The disease has also been called 
lobular d issecting hepatitis (Bennen et al., 198J; 
Jennsen and Nielsen, 1991; van den Ingh and 
Rothuizen, 1994). The cause is not known, 
although there arc indications that it is congenital 
and possibly hereditary. The diffuse fibrosis 
causes portal hypertension. Ascites always 
develops because albumin synthesis is decreased. 
The ascitic fluid is similar to that in cirrhosis, i.e. 
clear and colou rless, or yellow if there is icterus. 
Portal hypertension leads to portosystemie 
collaterals and hence hepatic encephalopathy. 
Reduced removal of endotoxins and bacteria 
from the portal blood Co1n result in vomiting. The 
clinicllJ picture closely resembles that o f cirrhosis 
and congenital portal fibrosis o r portal vein 
hypoplui:l.. 

The liver is small and h;\S :I. smooth or finely 
granular surface. Eventually hyperplastic nod
ules can develop. Microscopically there is very 
diffuse fibrosis, pericellular and around small 
groups of cells and mai nly mononuclear inflam
mation. The liver cells arc hypertrophied and 
liver cells with more than one nucleus are found, 
;I cha.racteristic of regeneratio n in the fetal and 
neonatal period. There is usually hepatocellular 
cholest25is. 
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Clinics/ signs 

Signs include weight loss, ascites, hepatic 
encephalopathy, polyuria and sometimes vomil
ing or diarrhoea. 

Diagnosis 

Abdominal fluid is clear, colourless or yellow in 
cases of ictcrus. Blood examination reveals 
hypoalbuminaemia; liver enzymes mayor may 
not be elevaled, but bilc :\cids arc increased. 
Ammonia may be elevated and the ammonia 
tolerance test is abnormal. 

Liver biopsy is diagnostic and reveals the char· 
acteristic histological changes. Percutaneous livcr 
biopsy may be difficu lt because thc small, firm 
liver in the ascitic flu id keeps moving away from 
the biopsy needle. 

Management 

The condition is incurable and is in Ihis respect 
similar to congeniul portal fibrosis or ponal vein 
hypoplasia. 

I CIRCULATORY OISOROERS OF THE 
LIVER 

I Congenital portosystemlc shunts 
(PSS) 

PathogeneSiS 

TIlesc arc congenital shon·circuits between the 
ponal vein and a large vein outside the portal 
drainage area, usually via a single large \'esselthal 
is nO I normally fu nctional after binh. These 
shunts arc inherited at least in some breeds 
(Mcyer ct al.. 1995). Congeni tal shunt's arc per
sisting veins that develop during the no rmal 
embryonal developmcnt but normally d isappear 
in a later stage. Shunts occur in both dogs and cats. 
Porrosystemic shunts arc large diameter vessels 
which therefore offer little resistancc to the portal 
blood flow. Since the portal capillary bed in the 
liver has a much higher resistance to flow, most of 
the portal blood bypasses the li,'cr "ia the shunt. 
Normally about 80% of the blood flow to the 
liver is ,·ia the portal flow and this provides about 
50% of the oxygen requ irement. In addition. the 
porul blood contains various hepatotropic factors 
such as insulin that are necessary for the growt11 
and metabolic function of the liver. POrtosystcll1ic 
shunts thus result in a poorly developed and 
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poorly fun ctional liver. Of much greater impor
t3nce. howe\'er, is the fact that many substances 
absorbed from the illlestine arc almost completely 
removed from a normal portal circulation. Even if 
liver function remained adequate in the presence 
of a portosystemic shunt, the concentrations of 
these materials in the systemic circulation would 
rem:lin high, bcc:lu$e they wou ld only be deli\'
ered to the li \'er by reci rculation via the hepatic 
arteries. In particular, ammonia and tht' aromatic 
amino acids which arc not removed can causc 
hepatic encephalopathy. Circulation of endotox
ins can cause vomit ing. H istologically, there is 
usually primary atrophy of the hepatocytes. The 
portal vein is poorly developed proximal to the 
shunt and not re:ldily detectable in the portal areas 
and there is compensatory proliferation of portal 
arU'rioles (Fig. 37.16). 

In many cases the kidneys arc enlarged, but his
tologically they remai n normal. Enlargcmelll may 
be the result of compensatory hypertrophy, since 
the kidncys handle a large number of compounds 
which arc normally being excreted or mel"abolizcd 
in the liver. 

Poor liver function often resullS in hypoalbu
minaemia. bUi it is seldom sc\'ere enough to cause 
ascites in the absence of port:ll hypertension. The 
animal is usually underweight ;md m:!y bl"Come 
stunted bee.luse of poor liver function and gas
trointestinal problems. There is also in:ldequate 
conversion of uric acid into atlantoin and so uric 
acid is excreted in the urine together wit h ammo
nia. This o ftcnleads to poorly sol uble ammonium 
urate crystals, which can form bladdcr, kidney, or 
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Figure 37.16 Reduced portal perfusion 01 the liver in a 
Yorkshire terrier with a congenital portosystemic shunt 
results in prOliferation of hepatic arterioles and 
undetectable portal veins in the portal areas. There 
is also microvescicutar steatosis of hepatocytes due 10 
hypoperfuslon. 

urethral calculi (Maretta et al .• 1981). These arc 
small, rough and yellow :lnd arc radiolueenl. 

Ponosyslemic shunts can be classified :lS intra
hepatic (twO types) or extrahcpatie (thus far five 
types). The intrahepatic shunts may originate 
from the left (persislent ductus venosus) or 
right branch of the portal vein (Fig. 37. 17). 
Extrahepatic portocaval shullls may originate 
from the gastroduodenal. gastrosplenic or mesen
teric vein. In addition, there arc also extrahepatic 
shu nlS from thc portal syslem to either the azygos 
or hemiazygos vein. In rare cases the portal \'ein is 
only connec!ed with another systemic vcin, with· 
OUi a normal connection to the li\'er. ln these cases 
there is no adequate therapy. The dinical signs arc 
the same in atl cases. Intrahepatic shunts are 
usually foun~ in large breeds, whereas Ihe extra
hepatic shunts ha\'e only been found in small 
and medium-sized breeds (Bostwick and Twedt, 
1995). The inherited nature h:ls been proven in 
Irish wolfhounds and Cairn terriers. The inci
dence of shunts in these breeds is 2-4% in the 
Netherlands. Shunts occur in nearly all breeds and 
males and females arc equally represented. Cats 
may have either intra- or extrahepatic shunts, 
although extrahepatic shunts predomin:lte. 

Clinical signs 

In most cases there is apathy, excessive sleeping 
and rapid faligue, but therc can be short inter\'en
ing periods of normal activity. Usually the animal 
is underweight, but growlh need 1101 be retarded 
(Rothuizcn ct al., 1982). Polydipsia usually 
occurs, as well as vomiting, anorexia and some
times diarrhoea. Ascites seldom occurs. Usually 
there arc neurological abnorm:llities which can be 
extremely variable. Signs can \'ary from slight 
apathy (0 compulsive movements, al:l.xia and 
even coma. Periodic blindness often occurs. The 
sy ndrome of HE has been explained previously. 
There m:l)' be acute micturition problcms caused 
by ammonium Urate calculi. Clinic;!.l signs may be 
non-specific for a long period and allhough this is 
typically a disease of you ng animals, some cases 
are presented later in midd le-age (Cape et al., 
1992), especially dogs with portoazygos shunts 
Qohnson t't al., 1989). 

Diagnosis 

The clinical signs are not pathognomonic. 
Physical examination reveals no specific findings. 
Blood ammonia concentratio ns arc greatly ele
vated in most cases and ammonia tolerance test 
results arc always abnormal (R othuizen and van 
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Figure 37 .11 (a) Portal venogram 01 a normal dog taken atter catheterization 01 the portal vein during abdominal 
surgery. (b) Portal venogram of a Bouvier with an Intrahepatic portosystemlc shunt arising from the lett branch of the 
portal vein (persistent ductus venosus). 

den Iogh, 1982a,b). Abnormal ammonia values do 
no t discrimimllc single: congenital from multiple 
:acquired shunu. Bile acids :arc increased in most 
cases, bUI this is a less-sensitive parameter than 
ammonia (Center er al .• 1985b; Meyer, 1986; 
Tisdall el al., 1995). Moreover. increased bile acids 
arc not sp«ific for pon osyslcmic shuming, since 
they may be increased by liver dysfunction 
without shunting. Modcr:llC: microcytic anlcmia 
(Meyer and Hanrey, 1994) and leucocytosis are 
frequent findings in animals with shunts, but 
these findings are also not specific. Lh'er enzymes 
and albumin mayor may not be in the abnormal 
range. 

It is advisable to localize the shunt before 
surgery. Ultrasonography may directly visualize 
the shunt (Wrigley tt al., 1987; Tiemessen tl al., 
1995). Ultrasonography has b«ome the method 
of choice to dirC1:tly visualize and specify the type 
of shunt (Holt tl aI., 1995; lamb, 1996; Lamb et 
al., 1996a) (Fig. 37.18). If ultrasonography is not 
conclusive, the only way to confirm the diagnosis 
is by portognphy (Suter, 1982; Birchard t l al., 
1989). The fraction of blood bypassing the liver 
may be quantified using ndioisOIope imaging 
(van Vechu~n et al. , 1994; Me:ye:r tt al., 1994; 
Fos[er~van Hijfte tt al., 1996). liver biopsies may 
be indicative: of congenital shunts. but they are 
not diagnostic (see under ponal vein hypoplasia). 
Plain radiographs usually reveal a smalilive:r and 
sometimes large kidneys. Ammonium biunte 
crystals in the urine of dogs other than 
Dalmatians indicate heratic encephalopathy (pre
sent in about 40% 0 the cases). Patients with 
congenital ponosystemic shunu do not develop 
• Icterus. 

Management 

Surgical closurc of thc shUn! is the only spcdfic 
treatmen t (Mani n et al., 1986; Lawrence tt aI., 
1992; Tobias tt al., 1996; Vogt tt al., 1996). Good 
results with remission of signs without supportive 
care may be possible in about 80% of the cases 
with extrahepatic shunts and in about 50% of ani
mals with intrahepatic shunts. Similar resulu may 
be obtained in cats (Holt tl al., 1995; White et al .• 
1996). It is impomnt to have the patient in good 
condition before surgery a.s the chance of intra
operative or early postoperative complications 
is much reduced. Supponive measures for 
encephalopathy including those for anaesthesia 
have been explained in that section. It is imponant 
to e\'aluatc blood glucose before, during and after 
surgery. since impaired carbohydr:ue metabolism 
can lead to hypoglycaemia. which is one of the 
major postoperative causes of death. Coagulation 
should also be checked before surgery. 

Complete reCO\'ery usually occurs within a few 
weeks. Even severe neurological signs are com
pletely reversible. The prognosis of surgical inler
vcntion depends on th~ type of shunt. Without 
surgery, supponive care may be insufficient to 
maint:!;in normal life permanendy. The mode of 
inheritance is not known and thus it is not possi
bl~ to offer advice on br~eding selection. 

• Hepatic congestion 

P.thollenesll 

Congestion of the liver is caused by postsinu
soidal obstruction to venous drain:!.gc. It is usually 
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caused by congestive heart d isease. An obstruc
tion o f the thoracic part of the caudal \'ena cava by 
lumou r or thrombus can also cause hepatic con
gestion. The most frequem example is an adreno
conical tumour th;u invades into the \'ena cava \'ia 
the adrenal vein and cominues to grow in the 
direction o f blood flow. In all cases there is not 
only ponal hypertension but also congestion of 
, hc caudal part of the body. In addition to 
hepatomegaly there m:ly he splenomegaly, 3.scites 
:lnd oedema of the caudal part of the body. Asci tes 
causcd by hepatic cOllgcstion is always serosan
guineous, bcrause erythrocytes also escape from 
the congested capi llary bed. The abdominal fluid 
aspi rate can therefore look similar to the ascitic 
fluid associatcd with neoplasia or peritonitis. 

The hepatic congestion rarely lIas important 
consequences for liver function. There may he 
mi ld elevations of liver enzy me levels in plasma. 
Sometimes there is slight hypoatbu min:a.emia, but 
this is caused by the diffusion o f albu min in the 
ascitic fluid rather than rcduced production in tile 
liver. 

An acutely congested liver is enlarged, darkly 
colourcd and usu,tlly has a layer of fibrin on the 
capsule. If tile congestion is chronic, fibro us tissue 
forms around the central veins, while in the peri
portal areas there is hyperplasia and regeneration 
o f liver parenchyma. The fib rin on the capsule 
bccomes o rganized. Rarely in chronic congestion 
mleronodular cirrhosis (called card iac cirrhosis) 
may de\,elop, This resuhs in a surface panern o f 
islands of tissue surrounded by vascu lar spaces, 
whieh is the reverse of the normal pattern of liver 
parenchyma surrounding central veins. 

Clinical signs 

Figure 37.18 Ultrasonogram of a 
large Intrahepatic portocaval shunt in 
an Irish wolfhound. 

The signs arc those of the primary d isease. As liver 
function remains largely no rmal dlerc arc no 
I)'pical signs of livcr disease. 

Diagnosis 

For cardiac diseases refer to Chapter 34. 
O bstruction localized in the vena cava is not asso
ciated with signs of card iac d isease. In these rare 
cases there is high pressure in the \'cna cava, mea
sured via the saphenous vcin, compared with a 
normal centrnl venous pressu re, measured via the 
jugular vein. Ult rasonography will dcmonstrate 
hepatic congestion and 1ll3Y help elucidate the 
causc. 

Management 

Tumours or thrombi growi ng into the ven3 cava 
c:ln somcrimes be removed surgically. The man
agement of cardiac disease is discussed elsewhere. 

• Thrombosis of the portal vein 

PathogeneSiS 

Thrombosis o f the portal \'ein only occu rs in dogs 
and is fairl y uncolllmon. It is seen with hyper
coagulability of till' blood such as occurs in the 
nephrolic sy ndrome, or in cJ.Se of abno rmal 
intima o f the porral vein. Depending on the ra te 
and dcgrce o f closu re o f the portal vein, there may 
be acute portal hypertension or po rtal hyperten
sion with the formation of collaterals. Somctimes 
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the thrombosis of the portal vein occurs in one of 
its branches. for ell:ample in the left branch as a 
result of an asccnding infcction via the umbilical 
vein. With unilatcral obstruction of the portal 
vein there is atrophy of one side of the li\'er and 
compenutory hyperplasia of the other. which 
m;ty result in displ;tcement of the stomach. The 
part of the liver deprived of portal blood develops 
compensatory hypertrophy of arterioles, which is 
histologically visible in the portal areas, as in ton
genital shunts and congenital ponal vein hypopla
sia. Chronit cases with acquired ponosystcmic 
collaterals may have hep;ttic enceph;tlopathy. 

CllnlClI signs 

Signs include abdominal dinension due to ascites, 
which may be haemorrhagic. sometimes hcp;lIit 
encephalopathy and occasionally vomiting. 

Ol'gnosls 

Abdominal fluid aspir.ltion usu;tlly reve;tls 
serosanguineous ;tstit ic fluid. If cardiac causes tan 
be excluded, then obstruction of the cranial vena 
cava and thrombosis of the portal vein remain as 
diffe rentials. Measurement of the pressure in the 
caudal vena cava via a catheter in the saphenous 
vein will diffcrentiate between these two. If the 
pressure in the vena cava is normal, then the diag
nosis is made by exclusion. Lh'er biopsy, ultra
sonography and portography can confirm the 
diagnosis (Willard t't aI., 1989; van Winkle and 
Bruce, 1993; Lamb et aI., 1996b). 

Unilateral hepatomeg;tly with displacement of 
the stomach can be detected by abdominal palpa
tion, but is e;tsily rccognized by ultrasonography 
or n.diography. There is no ascites in this case 
because of adequate func tion of the other half of 
the liver. The diagnosis c;tn only be confirmed by 
angiography and laparotomy. 

"',n,g.m.nt 

Therapy depends on the primary disorder, for 
example nephrotic syndrome. Acute thrombosis 
may be relieved surgically. In chronic cases with 
hepatic encephalopathy. symptomatic support 
may be required. 

• Arlerlovenous IIslul. 

P,Mogen.sis 

Shunts between an artcry and the porul venous 
system give rise to arterial pressure in the port:!1 
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system, hence porlal hypenension. These fistulae 
arc rare and in most reported cases they were COII 

genital, bu t they may also result from trauma or 
abdominal surgery. The connection m3y reside in 
the liver, or in the extrahepatic splanchnic system. 
Portal hypertension leads [0 forma tion of multi
ple pOrlosystclnic coll3terals 3nd ascites (Moore 
and Whiting, 1986; Whiting et al., 1986; Bai tey et 
al., 1988). Intr;thepatic fi stulae may cause a rever
sal of the blood flow in the portal system known 
as hcpatofugal (away from the liver, instead of 
hepatopctal) fl ow. 

The fistu lae are often multiple and 3re distinctly 
visible as wide, tOrtuous and pulsating vessels. 
Intrahepatic fistulae result in an enlarged lobe of 
the liver containing many cavernous vessels. 
Histologically the ponal areas have many arteri
oles and wide ponal vein branches with a th ick
ened wall. 

Clinical signs 

The signs arc those of portal hypertension, 
hepatic encephalopathy, asci tes, diarrhoea. 
depression, anorexia and vomiting. 

OI'Qnosis 

Abdominal palpation may reveal local enlarge
ment of a liver lobe. Laboratory examination 
gives increased plasma concentrations of the liver 
enzymes, bile acids and in ~se of ponosystemic 
shunting. ammonia. None of these arc diagnostic. 
Ultrasonography may indicate the presence of the 
wide tOrtuous vessels. The di;tgnosis is confirmed 
by angiography of the coeliac or the cranial . 
mesenteriC artery. 

M,nag.m.nt 

Surgical removal of the affected liver lobe or 
ligation of the extrahepatic fi stula can re!i"'e the 
clinical signs completel y. Pre-an;testhetic care is 
important in cases of hepatic encephalopathy. 

I CONGENITAL METABOLIC DISEASES 
OF THE LIVER 

I Copper 10xlco,Is In Bedllnglon 
temers 

AelioloQY 

This disease occurs in Bedlington terriers 3nd is;!'11 
accumulation of copper in the liver, as the result 
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of an aUloso!llaliy recessive hereditary disorder 
Uohnson e( al., 1980). West H ighbnd white 
terriers may have a si milar disease, but the 
pathogenesis :lOd inheritance lre not known 
(Thornburg et al. , 1986). 

PathogsnBsis 

Normally, part of the copper taken in Wilh the 
food is absorbed in the intestine and transponcd 
to the liver in Ihe portal blood loosely bound to 
albumin. Most is taken up by the hepatocytes and 
excreted into the bile via the liver ccillysosomes. 
In the liver. a small amount is incorporated in the 
protein, ceruloplasmin, which is released into the 
plasma. Copper in ceruloplasmin is used in a 
number of enz.y mes and proteins in which it is 
essential for normal function. Most of the copper 
is bound to the protein meullOlhionein. Copper 
is excreted into the bile bound to an unidentified 
pro tein and leaves the body with the faeces. 

In Bedlington terriers that ha\'e copper SlOrage 
disease, the hepl tocytes are almost completely 
unable to excrete copper in the bile and hence 
there is I n accumubtion of copper in the li \'er 
(Brewer et al .• 1992). The exact nature of the defect 
is nOt kno wn, but it app<-ars to be a lysosomal 
disorder. Because the copper accumulation begins 
gradulll)' , signs usually only appear after the age 
of 4 years (H ultgren et al., 1986). The increased 
copper concentration in the liver can be confi rmed 
after I ye:u of age. Before th:u age some: dogs with 
the disease have stored insufficient copper to 
distinguish them from normal animals. 

The disease appe3rs in two forms. There: is a 
chronic fonn in which the copper accumulation 
leads 10 liver cell ne:crosis, secondary hepatitis and 
ci rrhosis. Some dogs have an acute or peracute 
form with haemolytic anaemia. The haernolysis is 
pro b3bl y the result of a sudden release of a ll rge 
2mOUnt of copper fro m the liver imo the blood. 
The mechanism for this is not clear. The high 
copper concentrations cause acme haemolysis and 
bCC3use liver function is already reduced, this 
leads to severe icterus. Tubulonephrosis may 
occur 2nd can lead to uraemia. H aemolysis leads 
to centrilobular liver necrosis (see section on 
seco ndary liver d isorders). In dogs surviving the 
haemolytic crisis, cirrhosis occurs more fre
quently than in other animals. 

Copper lccumulation begins in IU'patocytes 
around the cemral veins and gr3dually spre3ds 
outward toward tile portal are:as (Thornburg et al., 
1990). The copper is stored in the liver cdl in gran
ules which by electron microscopy and by enzyme 

histochemistry 3ppear to be Iysosomes. 'Inc cop
per is stored in such 3 way that it is of little toxic
ity fo r the liver cell. Liver cell damage only occurs 
when 3 certain level is exceeded. The damage leads 
to ongoing liver cell n<:<: rosis and secondary 
inAammation which can eventually lead to cirrho
sis. The normal concentration o f copper in the 
canine liver is between 50 and 300 ~g g-L of dried 
tissue. Dogs with coppcr accumulation have levds 
e:xcecding I 000 ~g g-L at one year of age, but most 
cases have higher concentrations, With time levds 
of 12 COO ~g ifl m3Y be re3ched. At one year a 
few dogs have concentrations between 300 and 
lOCO ~g g-I and most o f them appear not to accu
mulate when re-eX3mined later. 

Laboratory examination may rC\'eal :m y devia
tion seen in chronic hepatitis and cirrhosis. There 
are no specifi c blood parameters which are spe
cifi c for copper acculllui3tion. Ceruloplasmin and 
free copper concentrations arc not different fro m 
healthy dogs, whereas Wilson's dise3se in hum3ns 
is associated with decreased cerulopl3smin levels. 

Affected animals C3n also be asympton13tic. 
Heterozygote carriers cannot be distinguished 
from homozygote healthy animals with liver 
biopsy. A DNA marker closcly linked to the dis
ease has recently been published (Yuzbasiyan
Gurkan et al., 1997). We have evaluatt:d the 
diagnostic value of the DNA test and found it to 
be at leas t 95% 3ccurau:. In countries where the 
incidence has been me:asured, lbout 30-50% of 
the population o f all Bedli ns to n terriers had the 
diseaSe. 

Clinical signs 

In the chronic form signs arc similar to those seen 
with chronic active: hepatit is and cirrhosis. In the 
acute form there is acute haemo lysis, anaemia, 
severe icterus, sometimes uraemia. The acute form 
is often lethal within a few days. 

Diagnosis 

On the basis of physical and blood examinations 
it is not possible to differentiate this disease from 
hepatitis/ci rrhosis or haemol ysis due to other 
C3uses. The d ilgnosis Cln o nly be made by 
demonstrating copper accumulatio n in a liver 
biopsy in 3nim2is o lder thln one year. 

Histo logically, copper in a liver bio psy may be 
detected with histochemistry using staining with 
rubeanic acid. The same staining may be used in 
smears of Illl1erial obtained with fine needle 
biopsy. There is good correlation between the 
results of sensitive copper analysis and those of 
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semiquantitative judgemem of rubeanie acid 
staining for copper (Fig. 37. 19). The author 
prefers the reliable and easy method of staining a 
fine ne«ile biopsy smear Qohnson ct al .• 1984; 
Teske I!t al., 1992). It is important that an experi
enced cytologist or pathologist judges the amounl 
of copper using a standard protocol. 

• 

• 

Figure 37.19 Copper accumulation stained with 
rubeanlc acid In the liver of a Bedlington terrier. Copper 
has preletentially accumulated in the area around the 
terminal hepatic veins. 

M,n" ,m,nl 

Once signs of chronic hepatitis or cirrhosis, or 
those of an acute haemolytic crisis have developed 
it is often difficult to improve the patient. 
Supportive care is important. The management of 
hepatic encephalopathy, portal hypertension and 
ascites has been discussed previously. Haemolytic 
crisis is a very serious event. Administration o f 
penicillamine which chelates metals, particularly 
copper, is indicated (Twedt ct al., 1988; Allen ct 
a/., 1987). The penicillamine/copper complex is 
excreted by the kidneys inlo the urine thus 
removing free copper from the circulation. 
Intl"1l.venous infusion with forced diuresis is help
ful to enhanee urinary excretion. 

It is important to try to prevent clinical signs of 
copper accumulation. Hence, asymptomatic dogs 
should be examined at a young age and if there is 
copper accumulation, life-long medication with 
drugs that prevent further accumulation of copper 
is essential. There are [wo drugs available and 
both are given orally. Penicillamine may be given 
30 min before each meal in a to tal daily dose of 
25 mg kg- I. Penicillamine binds copper enlering 
the circulation after feeding and the bound 
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complex is excreted in the urine. Zinc is also used, 
given as zinc gluconate in a dosage of 30 mg kg-I 
dar ' in divided doses immediately before each 
meal. Other zinc S.llts irritate the gastric mucosa 
and induce vomiting. Zinc induces the fo rmation 
of copper binding metallothionein at the level of 
the inlestinal mucosa, thus preventing the absorp
tion of copper (Stcrnlieb, 1994). The [WO drugs 
should not be combined since they form com
plexes ;l.nd inactivate each other. These medica
tions arc unable to reduce hepatic copper levels in 
most cues, but they prevent further ;l.ccumubtion 
and the development of the symptomatic stage. 
Another measu re to prevent further accumulation 
is to reduce the copper content of the food. 
Commercial foods may differ by a factor three 
with respect to the copper concentration as 
indicated in the specification. H ome-made food 
should not contain ox liver which contains high 
quantities of copper. Rice, bread and cereals are 
practically free of copper. 

II is now possible to detect heterozygote 
carriers as well as homozygous free and sick 
dogs with a DNA test. This permits breeders to 
select breeding stock 50 that the disease gets 
completely eradicated. 

I TUMOURS Of THE LIVER 

• Primary neoplasia 

Htlpatoctlllul" eire/nom, 

Among epithelial tumours hepatic cell carcinom.l 
occurs more frequently than hepatic cell adenoma 
(Strombeck, 1978). Both tumours arc usually soli
tary arising from one lobe and may become \'ery 
large. Hepatic cell carcinomas grow slowly and 
have little tendency to metastasize. These tumours 
can be present for a long lime without signs, but 
with increasing size they can displace the stomach 
and cause vomiting. They seldom have conse
quences for liver function since they grow out of 
o ne lobe leaving the rest of the liver intact. The liver 
enzymes are usually only slightly elevated and may 
be normal. Liver eell carcinomas produce signs 
only when very large at which stage they arc usu
ally palpable. Hypoglycaemi:t occurs in 2~0'Yo of 
cases (Leifer et ai., 1985). The cause is unknown 
but is possibly a paraneoplastic syndrome due to 
formation of insulin-like growth factors. In some 
cases hypoglycaemia induces exercise intolerance 
or episodic weakness. Liver cell carcinoma is 
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associ:l(cd with chronic hepatitis :md cirrhosis in 
humans but such a relation does not exist in dogs. 
It is typically a d isease o f old dogs. 

Histologically, these tumours arc well -differen
tiated and it can be vcry hard to distinguish them 
histologic:tlly from normallivcr. 

Clinical signs 
Signs include chronic vomiting and sometimes 
wC:l.kncss o r exercise inloicr.mce. The tumour 
may be so large that the abdomen is extended. 

Diagnosis 
Abdominal palpation usually reveals a mass in 
the liver, bUI il may be difficuh to distinguish 
such masses from those arising ill the spleen. 
Ulm1Sonography reveals :l l:trge rn;\Ss with an 
cchodcnsity similar to tll:!l of lIo rnlal liver. 
Loc:tlizcd enlargement of the liver often com
bined with displacement of the slOlt1:tch is idt!nti
ned on radiography (E,'ans, 1987). l-lislOlogy of l 
liver bio psy m:ty be dilgnostic, but sometimes the 
li ver lTchitenure and differentiation lTe so nor
mal that a histological diagnOJis Clnnot be mlde. 
Hence, the diagnosis is based o n a combination of 
these methods. Li"er enzymes or bile acids may 
not be elevated. 

Management 
SurgiclI removal of the affected li,'er lobe is the 
only dennitivc treatment (Koso"sky 1'1 aI. , 1989; 
Lewis ct al .• 1990). This may be successful if the 
tumour is not localized ncar the hilus or the luge 
vessels or bile duclS. Periphel'211y localized carci
nomas lTC well resectable and in mOSt cases thcre 
is no mctast.tsis. II is important to monitor blood 
glucose concentration 10 prevent cercbn.[ damage 
from hypoglycaemia during or directl y following 
surgery. 

Hasmanl1iosarcoma 

I-b.emangiosarcoma is the most co mmon mes
enchymal hepatic tumo ur (Hammer and Sikkema. 
1995). l 11ey lTC usually smaller (up to a few cen
timetres) and multiple. Because of their multiple 
chan.ctertherecan be a mo re cxtensi,'c liver cell loss 
and cholcstasis th:tn with the epithelial tumours. 
There can be a pronounced ele\'ation of liver 
enzy mes and also icterus. Haemangiosarcomas 
occur mainly in o lder animals. Apart from origi
nating in the li,'er, they may have met:tslasizcd from 
other organs, particularly the spleen. 

Clinical signs 
Mesenchymal tumours usually have a severe and 
rapid course, with anorexia, vomiting, weight loss 

l nd sometimes icterus. Abdominal d istension and 
haemorrhagic ascites due to rupture of the 
tumour may be present. 

Dlallnosls 
There may be palpable liver enlargement but this 
is not always the case. Blood examinatio n usually 
reveals high liver enzymes and bile acids but this 
is not specinc. Uhraso nogrnphy visualizes the 
tumours that appear as dark eeho lueent masses 
due to their rich \'a5Culari7.atlon. The diagnosis 
may be confirmed by laparoto my. Ultrasound
guided biopsy is possible but these tumours can 
be hard to reco gnize: for the pathologist or 
cytologist. The d iagnosis may easily be misst!d by 
a blind biopsy. 

Mesenchym:tl tumours arc usually ino perable 
and rapidly progressive. Survi\':tl times arc usually 
not more than a few weeks or months. 

• Secondary (melaslallc) neoplasia 

Tumours of organs in the port:tl drainage area 
metast:tsizc n rs t to the liver. Haemangiosarcomas 
of the spleen arc by fa r rhe mOSt frequent, fol lowed 
by pancreas carcino mas and gastrointestinal 
tumours (Hammer and Sikkema, 1995). Tumours 
from outside the portal drainage area can l lso 
metastasize to the liver rnther than in the lungs. 

Tu mour metastases arc almost always multiple 
and distributed throughout the liver. Depending 
on their size, there can be severe liver damage and 
often eho lestasis. 

Clinical signs 

The signs may originate mainly from (he primary 
organ, fo r example vomiting in the case of gastric 
tumo urs, extrahepatic cho lestasis with pancreas 
tumours, o r ascites result ing from haemorrhage 
from haemangiosarco ma in the spleen. The main 
signs caused by the li"er damage are general 
malaise, anorexia, vomiting and icterus. There 
may be palpable hepatomegaly. 

Diagnosis 

Physical and laboratory signs of li" er damage 
and/ or cholcstasis arc not specific (McCo nnell 
and Lumsden, 1983). The diagnosis is made by 
histology o f the tumour which can easily be 
missed by a percutaneous liver biopsy. This is 
pre,'emcd by ultrasono graphy (Fig. 37.20) which 
permits the guided puncture of a tumour in the 
li"er or at the primary site. 
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Surgery is virtually never possible because of 
multiple metastases and the prognosis is hope
less. 

I Generalized neoplasia (malignant 
lymphoma ) 

Pathogenesis 

Lymphoma occurs frequentl y in the liver 
(Hammer and Sikkema, 1995). C linical signs often 
arise because of liver damage and inf1ltration of 
tumour cells causes hepatomegaly and may cause 
intrahepatic cholestasis. There is often severe liver 
dysfunction due to diffuse and widespread dam
age. Tumour infiltration is usually most severe in 
the portal areas and around the central veins. 
Sometimes this causes severe porul hypertension 
with asci tes and collateral formation. In such cases 
hcp;nic encephalopathy may develop. 

In most cases the liver involvement is p:lrI of a 
generalized neoplasia, but in some cases malignant 
lympho ma may exclusively im·o lve the liver. If 
the lympho ma is not found by blood or bone 
marro w examination and there is no enlargement 
of I)·mph nodes. the diagnosis will easily be made 
by liver biopsy if the liver is involved . 

Histiocytomas can also involve the liver and 
frequently affect Bcmese Mountain dogs in which 
there may be an inherited basis. Myeloid tumours 
ma)' also occur in the liver. 

Clinical signs 

The signs arc highly variable depending on the 
organ systems involved. With respect to the 

Figure 37.20 Metastic tumours in the 
liver visualized by ultrasound. The enlarged 
liver lobe shows an irregular echodensity 
(arrows). 

li\'er, signs of icterus, malaise. anorexia and 
vomiti ng may occu r. Sometimes there is asci tes 
and hepatic encephalopathy. H epato megaly 
and splenomegaly may give abdominal disten 
sIOn. 

Diagnosis 

Ultrasonography can be helpful (Nyland, 1984) 
and the diagnosis can always be confi rmed by a 
percutaneous liver biopsy. In lymphoma, blood 
coagulation is often abnormal. The diffuse 
involvement of the liver makes the tumour readily 
detectable in fine needle eytologieal sme;us. Fine 
ne~dle biopsy may be used safely in cases of 
coagulopath y. 

Management 

Chemo therapy for lymphoma is discussed in 
Chapter 50. 

I LIVER DYSFUNCTION RESULTING 
FROM SYSTEMIC DISEASE 

The liver plays a cenlral role in the metabolism 
of pro teins, fats and C2rbohydrat~s. In systemie 
diseases in which fat and carbohydrate mct:lbo
lism are changed, the liver ean bttome in\'o lved 
in the illness. In addit ion, the liver is an impor. 
t:lnl buffer between the outside world (fo r 
example against bacteria and toxins from the 
gastroinlestinal tract) and the rest of the body. 
Finally. sttondary liver damage can oceur in 
different forms of acute hypoxia sueh as 
haemolytic anaemia or shock. 
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• Non-specific reactive hepatitis 

Pathogenesis 

Non-specific reactive hep;l.Iitis is a diffuse or foca l 
liver damage with secondary inflammatory reac
tion resulting from toxaemi;!. o r sepsis. Reactive 
hep;!.titis can occur in any tox;!.emic, septic, 
inflammato ry, or necrot izing process. When the 
process is in the portal drainage area all of the 
toxins arc transponed exclusively to the liver, 
whereas toxins and bacteri;!. from processes else
where arc first diluted in the general circulation 
befo re reaching the liver. It is thus understandable 
that reactive hepatitis is most ohen c.aused by 
processes in the abdominal cavity. 

Reactive hepatitis develops in most C2ses of 
gastroenteritis and extensive gastric or intestinal 
tumours (for example lymphoma), as a result of 
increased toxin absorption. It also develops in 
peritonitis (i ncluding local peritonitis resulting 
from abdominal surgery) and other inflammatory 
processes in the organs drained by the ponal vein. 
Reactive hepatitis is thus most often caused 
by gastrointestinal d isorders (Oilton, 1985). 
However. vomiting and/or diarrhoea often occur 
with primary liver disorders. Hence, when a 
patient with gastrointestinal problems is found to 
have high liver enzyme levels, the classic chicken
or-egg situation is encountered and may only be 
resoh·cd by liver biopsy. 

The circu lating toxins, infh.mmalOry mediators 
and microbes cause;!. reticuloendothelial prolifer
ation and infilmnion of neutrophils in the liver. 
There may also bl' focal liver n('Crosis. In chronic 
cases there is also lymphocytic and plasmacytic 
infbmmation. There can be mild to severe 
cholestasis in the canaliculi. In some cases of sep
sis there may be diffuse foci of necrosis, micro
abscesses, or granu lomas, for example with canine 
herpesvirus, IOxo plasmosis, brucellosis, tubercu
losis, Eschrrichiir coli, migrating Toxoc.1ra canis 
larvae (Chapman el .1/., 1993; Iwanaka et ai., 
1993). 

Adult dogs exposed to Toxocara infection can 
develop a focal hepatitis as a result of the migrat
ing larvae that arc killcd in the liver by the normal 
defence mechanisms. These dogs have a diffusely 
spread granulomatous eosinophilic inflammatory 
reaction. Haematologically there is also eosino
philia. 

Reactive hepnitis is different from the primary 
chronic active form in that the type of inflamma
tory cells differ with a predominance of neu
trophils and sometimes eosinophils instead of 

lymphocytes and plasma cells 2nd the location of 
the inflammation in the li"er acini is diffuse rather 
than portal or periportal (Fig. 37.21 ). 

A L T, AST and bile acids arc often elevated 
because of liver cell damage and canalicular 
cholestasis but there is lillie change in other liver 
functions because there is adequate remaining 
functioning liver tissue. Blood coagulation and 
serum albumin concentrations are ;also not usually 
aff('Cted. There may, however, be severe hypo
albuminaemia if the gastrointestinal problem is 2 
protein-losing enteropathy. 

• 

• • 

• • •• · " . • • • 
FIgure 37.21 Non-specific reactive hepatitis in a dog. 
This common liver abnormality is characterized by 
increased leucocytes and Kupffer cells and ohen intra
hepatic cholestasis. 

Clinical signs 

The clinical signs a.re o ften dctermined by the 
primary disorder. Hence there is often vomiting 
and/or diarrhoea. There is sometimes fever. When 
reactive hepatitis is severe, there can be icterus, 
general malaise and sometimes reduced exercise 
tolerance. 

O/,gnos/s 

Differenti2tion between primary liver diseases 
and reactive hepatitis is only possible by histolog
ical examination of a liver biopsy. Focal hepatitis 
is usually so diffusely distributed that a blind liver 
biopsy is adequate. The abnormalities described 
under pathogenesis are characteristic. Once the 
diagnosis of reactive hepati tis is made. it can be 
very difficult to localize the primary process. 
Further gastrointestinal examination is often indi
catcd. It is sometimes necessary to search for the 
cause by exploratory laparotomy. but inflamma
tory processes outside the abdomen can also cause 
reactive hepatitis. In these cases the diagnosis can 
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be pursued in the: same: way as for fevcr of 
unknown origin. 

Management 

The dl(:rapy and prognosis depend completely on 
the primary disorder. Reactive hepatitis itself 
requi res no treatment, since it resolves sponta· 
ncously after removal of the cause. If the cause 
cannot be found, long-term treatment with anti 
biotics may be worthwhile. When there has been 
Toxocara infection, avoidance of further contact is 
essc.ntial. 

• Steroid hepatopathy 

Pathogenesis 

Both sponlancous hyperadrenocorticism and the 
administration of glucocorticoids cause specific 
abnormalities in the liver (Fig. 37.22). There is 
glycogen accumulation in the hepatocyte! which 
results in large vacuoles. Hcpatocytes display 
cell membrane-bound and subcellular organelle 
changes (Rutgers et al., 1995). This leads to vary
ing degrees of hepatomegaly (Badyl:tk and van 
Vleet, 198 1, 1982; Fittschen and Bellamy, 1984). 
These changes can cause elevation of the plasma 
levels of transaminases, especially ALT, and there 
is always a marked elevation o f AP. The larrer is 
caused not only by liver damage but also by 
induction of an isoenzyme of AP by glucocor
ticoid5. T hese steroid-induced changes in the liver 
almost never cause clinical signs. It is, however, of 
great importance to know whether the patient has 
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Figure 37.22 Hepatopathy induced by glucocorticolds, 
with accumulation of glycogen in the hepatocytes. There 
are also some foci 01 extramedullary haematopoiesis; the 
dog had been treated with prednisolone lor autoimmune 
haemolytiC anaemia. 

been treated recently with glucocorticoids if liver 
enzymes arc measured. 

Clinical signs 

The signs arc those of hyperadrenocorticism. The 
changes in the liver can result in hepatomegaly, 
which may be detected by abdominal palpation. It 
is important to remember that a number of signs 
that occur in hyperadrenocorticism also occur in 
primary liver disease for example apathy, reduced 
exercise tolerance, polydipsia, hepatomegaly and 
elevatcd AP, AL T and bile acids in, plasma. 

Diagnosis 

It is often helpful to know whether elevated li\'er 
enzyme levels and bile acids are due to glucocor
ticoid use. This can be determined by a percuta
neous liver biopsy, as the histological changes are 
specific. These diffuse changes are even detectable 
in cytological smears from fine needle biopsies. 
The glucocorticoid-induced AP can be distin
guished because most of it is still active after heat
ing the plasma to 65· for 2 min. The diagnosis of 
hyperadrenocorticism is discussed elsewhere. 

Man' 111m,ml 

The glucocorticoid-induced changes in the liver 
are reversible within a few weeks to months after 
removal of the cause. The prognosis depends on 
the cause of the glucocorticoid excess. 

• Liver changes In dlabeles mellilus 

Palhol1BnBSls 

The liver plays a central role in fat metabolism. In 
diabetes mellitus there is increased lipolysis in adi
pose tissue and therefore increased delivery of fauy 
acids to the liver, while the production of triglyc
erides is also increased. Fat accumulates in the liver 
cells beginning around the centN.1 veins and pro
gressing toward the periphery of the lobule (Dillon, 
1985). Hepatomegaly develops. Sometimes there is 
cholestasis, which can bequile severe. There is more 
severe Ii vcr dysfunction with fatty change than with 
glycogen accumulation. In humans the chronic 
fauy change can lead to hypertrophic liver cirrho
sis., but in dogs and calS this is very rare. 

Clinical signs 

Fatty change in the liver is usually present in 
diabetes mellitus and may cause mild to severe 
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intrahepatic eholcst",sis, in which case, physical 
eX3.mination rc\'eals hepatomegaly and icterus. All 
the 1i\'cr enzymes in pluma can bt mi ldly to 
scvcrely increased. Transient hepatic fat accumu
!.:ation not related to diabetes may occur in fasting 
pups of toy breeds. 

Diagnosis 

HistologicJ.1 demonSiration of the fatty change in 
a liver biopsy confi rms the diagnosis in combina
tion with persistent hYJXrglycaemia. 

Management 

Tre:ltment of the f;tu y changc is not nect.'Ss,uy, 
since with good r.:gu lation of the diabetes, it 
gradually dis;tppe.:trs. 

• Hypo.lc liver damage 

Pathogenesis 

Livcr degener;uion or necrosis can occur with 
any cause of acute hypoxia. In this context it is 
imporu.nt to remember that th.: blood supply of 
the liver is pr~ominantly venous and therefore 
rdativdy low in oxygen content and adaptation 
to hypoxia requires tim.:. Possible causes 
inelude acute ha.:molysis as in cases of aulO
immune haemolysis and shock. Histologically 
there i. necrosi. of du: cemrilobu lar zone 3 (the 
oxygen-poor part of the liver lobule). Extensive 
necrosis may occur with confluent and bridging 
necrosis leading to dislUrbcd architt'ClUre of the 
Ih'cr ;tcini. Nccrosi.s induces a secondary inflam
matory re;tction of polymorphonuclear cells. 
Thcre is usuall y widespread cholesusis. In case 
of haemolysis Ihcrc is erythroph;tgocytosis 
;tnd/or accumulation of iron pigment in the 
reticulocndothelial system. Sometimes extr:1-
medullary hacmatopoiesis is scen in the liver. 
In addition to th.: g.:neral illness and icterus, 
hepatic encephalop;tthy can also occur in 
severely affccted ca.ses. 

The.se changc.s explai n why haemolytic anaemia 
is so of u n accomp.mied by an incre;&5('. sometimes 
marked, in conjugatcd bilirubin. It is the cholcs"l3-
sis rather than the hacmolysis that determines the 
icterus and hcnce bilirubin is predominantly of 
the conjugated dirKt reacting t')'pc. ALT, AST, 
AP and)GT can be severely elevated. Sometimes 
the liver dysfunction is so severe thJlthis, in spill.' 
of an adequate treatment of the haemolysis, lC3d.s 
to death. 

Cllnlcat signs 

The onset is acute with signs of shock or anaemia. 
The mucous membranes with an;'lemia are jaun
diced and \'err pale. Signs resulting from liver 
dy.sfunclion depend on the extent of li"er necrosis 
and ml.y vuy from gener.tl illness and ml.laisc [0 

hepatic encephalopathy. Anorexia and ,'omiting 
may occur as result of impair~ detoxifying func
tion of the li"er. 

Diagnosis 

The prc.sence and 5C,'erit')' of the liver change.s c:tn 
only be confirmed by histological examination of 
l. li\'er biopsy. These changes arc specific ;tnd 
therefore confirm:lIory. An impression of the 
severity and course of the liver necrosis is pro
vided by measurements of the liver enzy mes and 
bile ;tcids in plasma, but tlley may also be elevated 
in any other hepatobi liary diseases. Hepl.lic 
encephalopathy un be confirmed by measu ring 
blood ammonil. or by an ammonia lol.:rance test. 

The diagnosis of the underlying disease causing 
anaemia or shock is not discu$Sed here. 

Management 

Managemt'1lI primari ly iO\'ol\'es treatment of the 
underlying c:m.se of the liver dl.mage. There is no 
.specific treatment fo r the liver lesions and the li,'er 
will recover spontl.ncously in most 1.';&5('$. In case 
of severe damage the impaired liver functions may 
become life-threatening. Only symplOm:lIic .sup
portive therapy for the 1i"er dysfunction Cl.n be 
given to g;ain time for regeneration of the li"er. 
Specific mc;uures to control hep:nic encephalopa
thy may be imporunl. Remember that the course 
of the liver regeneration cannot be e\'aluated by the 
degree of theielerus. Thcprognosis isgood to 11Ope
Jess, depending on tile se\'erily of the liver damage. 

• Amyloidosis 

Amyloidosis of the liver i.s rare in dogs or cats and 
almost invariably involves the secondary form 
which may d':"elop in the course of chronic infl;am
matory proce.sscs or tumours. In usc.s of gencrai
iz~ secondary amyloidosis there is usually some 
deposition of amyloid in the liver, but this seldom 
leads to clinical .signs referable to the liver 
(Thornburg and Moody. 1981 ). Deposits of am)'
laid in the liver are visible as an amorphous hyaline 
and eosinophilic m,uerial in the space of Dissc. 
Depending on the ;tmount of amyloid the liver may 



be ~nbrged on abdominal palpation, bUI Ihis is 
unusual. Liverenzymes and bil~acids in plasma may 
be increased but may remain normal. Amyloidosis 
is a systemic diseas~ involving a number of organs. 
The kidneys are the most commonly 2ffected site 
with amyloid deposition in the glomeruli. There 
is st'Vere proteinuria and in advanced cases also 
ur.aemia. Amyloidosis of the kidneys usually deter
mines the clinical picture. 

M,n,g,m,nl 

There is no specific treatment a"ailable for amy
loidosis. The deposition of amyloid is progressive 
and the prognosis is hopeless. 

I DISEASES OF THE BILIARY TRACT 

• Congenllal abnormalities 

Doubl, g,lIbl,dd" 

In the dog and more often in Ihe cat, there is 
sometimes a double gallbladder. Although the 
emptying of the gallbladder is not optimal and 
there is a local staSis of bile, this disorder r.arcly 
leads to clinical problems. The condition may be 
detected at surgery or uhr.asonogr.aphy. 

AlrBsl, of th' bll. ducts 

Pathogenesis 
Although a neonatal inflammation of th~ bile 
ducu could also result in atresia, this r.are disorder 
is probably congenital but not hereditary. There 
can also be complete absence (ag~nesis) of the bile 
ducts. Secondary liver changes, such as biliary 
fibrosis or cirrhosis, can cause reduced li"er func
tion. Maldigestion and malabsorption develop as 
a resuh of the absence of bile in the duodenum. 

Clinical signs 
The most prominent signs arc neonalal icterus, 
retarded growth and acholic faeces . 

OI.gnOlls 
Jaundice and increased plasma AP. )'GT and bile 
acids indicate cholesrasis. Histology of a liver 
biopsy reveals th~ typical signs of chronic cxtr.a
hepatic choleslasis but it does not suggest an 
underlying cause. The definitive diagnosis is made 
at laparotomy. 

• 'Mgement 
The only possible treatment is surgical. One may 
rdieve the cholesusis by a cholecysloduod~nos
tomy. 
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Cysts ,rlslnglrom Ih' bll, ducts 

Hepatic cysts are in fact cy51S of the bile duclS and 
are congenital. They consist of sp;aces filled with 
watery or mucous fluid lined by a single layer of 
biliary epithelium. They vary in size from a few 
millimetres to about 10 COl . There are twO forms: 
in one form one or a f~w cysts occur and in the 
other form there are multiple small cySlt fre
quently associated with r~nal cysts (McKenn;a ;and 
Carpenter, 1980; van den Ingh and Rothuizen, 
1985). Both forms occur in both the dog and tile 
cat (Stebbins, 1989). Congenital dilatation of the 
bile ducts can consist of a local dilatation of the 
larger intr.ahepatic bile duclS or a diffuse or local 
dilatation of both the imr.ahepatic and extra
hepatic bile ducts. Gallstones may develop in the 
dilated bile system. These can be seen with ultra
sonography, but arc usually radiolucent. When 
therc arc multiple cysts the liver is sometimes 
fibrotic and consequently ther~ may be portal 
hypertension. This can lead to formation of col
laterals and sometimes also ascites and hepatic 
encephalopathy. Multip l ~ biliary cyStS may occur 
in combination with multiple renal cysts arising 
from the tubules. In this c;ase ur.aem ia can also 
devclop. In cats th~re can be relatively l;arge soli
tary CYSIS, which displace the stomach and cause 
vomiting. This r.are condition probably remains 
asymptomatic in most cases. Only large space
occupying cySIS, multiple cysts and secondarily 
infccled cysts will give rise to clinical signs. 
Icterus occurs only in case of cySts diffusely 
spread throughout the biliary system. 

Diagnosis 
The diagnosis is easily made with ulmsonogr.a
phy. The cySts are sccn as ccholuccnt fluid-filled 
space-occupying lesions. 

Management 
Solitary cyStS can be removed surgically, which 
often requires resection of the entire liver lobe 
involved (Washizu et al., 1996), Infected cyStS 
need antibiotic treatment with ampicillin or 
amoxycillin. Multiple cysts cannot be treated. 
Symptomatic man;agement of portal hypertension 
and hepatic encephalopathy may be required. 

• Acquired biliary disorders 

Cho/,ngllls-dol,cptlll • 

Pathogenesis 
In the dog, infection of the common bile duct by 
reflux from the duodenum is possible bUi the 
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infection is usually h:acmalOgcnous. Infection is 
:llw:lYs caused by bacter;:!, often E. co/i. but 
sometimes Streproro«HJ o r Staphylococcus spp. 
(faboada ;md Meyer, 1989). Anaerobes such as 
CloltriJium which normally occur in the g:lll. 
bladder un b«omc pathogens. Predisposing bc
tOni arc gallstones and txtrahcpatic cholestuis 
(Matthiesen and Lammcrding, 1984). In the dog 
cholangitis o r cholecystis ;lImos! never occur 
without these predisposing (;letors. Sometimes 
an acute cmphysematOu5 cholecystitis occurs. If 
then: is cholangitis, extrahepatic cholcnasis is a 
consequence, which induces the moS! prominent 
signs. In cases in which only the gallbladder is 
involved there is no cholem.sis. In these cases 
signs of cranial abdominal pain, sometimes with 
fever, may prevail. There arc cases in which severe 
bleedi ng from an affcrted blood vessel in the wall 
of Ihe gallbladder occurs resulting in ;maemia 
with a haemogr.l.I11 typical for blood loss. The 
inflammation may result in spontaneous (non
traumatic) perforation of the g-allbladder, givi ng 
;l.sciles and an aseplic pcritonilis. 

Clinical sIgns 
The mosl prominem signs arc usually Ihose of 
eXlrahepnic cholcsl'2sis with icterus. Vomiting, 
ft'ver and somelimes pain in Ihe t'pigasuic r!'gion 
may occur. Thert' may occ-asionally be gallbladder 
rupture or bleeding giving ascites or -anaC'mia, 
respcct;,·c1y. 

Diagnosis 
Icterus and ele\'ation of choleslasis-indicating 
cnzymes (AP and yGT) and bile acids arc not spe
cific, as arc inflammatory changes in leucocytes, 
Examination of ;I. li\'er biopsy tc'veals the typical 
changes of acutc ext rahepatic cholesluis with 
neutrophils in the lumen of the bile ducts. 
Ultrasonography demonslr.lIes caleul i which may 
be radiolucent and therefore missed by radiogra
phy. Differentiation between cholangitis/chole
cystitis and primary extrahcpatie cholcstasis is 
only possible during laparotomy, when other 
causes of extraher,atie cholestasis can be excluded. 
Occult bleeding rom tllC gallbl;l.dder can be visu
alized during gastroduodenoscopy. Anacsthesia 
should not include morphine analogues since 
these induce closure of the sphincter of Oddi 
which would prevelll the efflux of blood illlo the 
duodenum. 

Management 
Antibiotics that are effectively excreted in the bile 
(-ampicillin. chloramphenicol) should be adminis
tered for scver.al wt'eks. Ampicillin is usually vt'ry 

('{f('Clive (50 mg kg-' day ... 1 in divided dost's for 4 
weeks). In cases of bili:lry caleul i or gal1bladdt'r 
bleeding, sU!l;ical intervelllion is rt'quired for 
cholecystectomy and r ... mo\·:ll of c:lleuli. 

Gallstones 

Palhogenetis 
Gallstones seldom occur in dogs and catS and Ihen 
mostly in the dog. The g-alls tones consist mostly 
of bile pigmem (ca.lcium bilirubinate) and/or 
cholesterol and hence they are usually radioluct'nt 
(Mullowney and Tennant, 1982). The pathogene· 
sis is not well understood. Gallstones (';tn be pro· 
duced experimentally in dogs fed a diet rich in 
carbohydrate and low in protein and f:lt. The 
pathogenesis is probably different from that in 
humans, in which gallstones occur mainly in 
women from relative oven:lturJlion of thc bil l,' 
with cholesterol. Gallstones arc formed in the 
gallbbdder :lnd can damage the mucosa and 
induce cholecystitis. In m:lny app:lrently heillthy 
dogs muleiple very tiny calculi arc present form
ing a sludge of crystals. They appear not to be 
clinica.lly relevanl and it is not known whether 
bile sludge fonnation has any relationship with 
cholelithiuis. Gallstones may enter the common 
bile duct and occlude it to cause extrahepatic 
cholestasis and bile duct rupture (Hiltris Cl a/., 
1984). 

Clinical signs 
The signs arc usually thosc of extrahepatic 
cholest.asis from obstruction of the common bile 
duct (Kirpensteijn ct al., 1993). Sometimes there 
arc more acute signs of epigastric pain and vomit
ing. Occasionally second-ary cholangitis or chole· 
cystitis resulu in perforation. Gallstones ilte, 
however, usually -asymptomalic. 

Diagnosis 
If extnh ... patic cholestasis causes the signs, the 
characteristic abnormalities will be found in the 
liver biopsy. The presence of calculi arc best 
demonstrated by ultrasonography (Fig. 37.23). 
Gallstones are seldom detected by radiography. 
Thc excretion of t:1diographic contrast media is 
miltkedly reduced in cholest:lsis, 50 that cholecyst
ography may not be possible. If there is no extr-a
hepatic cholest"sis, cholecystography can be used 
-and the stones will be sCt'n as filling defects. 

Managemenl 
The gallstones can be removed surgic:llly, during 
which the gallbladder and common bile duct must 
be nushed out to prevent ]e:lving :lny stones 
bt'hind. If there is se\'ere cholecystitis, chole-
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cySICctomy should be performed. In all cases it is 
n(',essary 10 begin ancibiotic therapy based on 
culture of the bile. Medical treatment with cheno
deoxycholic acid, as used in humans, to enlarge 
the bile a{;id pool and relieve the relative o versatu
ration with cllolesterol, is contraindicated in the 
dog. T he intestinal flora in the dog conven this 
drug into the extremely hepatotoxic lithocholic 
acid. Ursodeoxyeholie acid docs not have this side 
effect and can be safely used in dogs. Oral admin
;str;'n ion of bile acids has the beneficial e((ect of 
enhancing the bile fl ow which, in the absence of 
complete bile duct obstruction, may help to pre
vent infection and to remove small calculi. 

Hyperpfasla o/the biliary spithslium 

T his disorder can develop after long-term admin
iSlration of bigh doses of progestins, usually to 
suppress oestrus. The cystic hyperplasia o f the 
muCOsa is found mainly in the gallbladder with
out clinical signs. Occasionally the abnormality is 
so extensive that the large bile ducts arc also 
affected and become o bstructed causing extra
hepatic choleslasis. 

In clinical cases the history is irnponant, but the 
diagnosis C311 only be made at laparotomy. There 
is no specific therapy available and the adminis
trouioll of progestins should be discontinued. 

Bile duct carcinoma 

Pathogenesis 
Tumours of the biliary epilhelium occur infre
quently. In the dog they usually arise from intra
hepatic bile ducts and readi ly melastasize to the 
liver Jnd o ther organs. Multiple metastases 
throughout the biliary system gives signs of 
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Figure 37.23 Ultrasonogram 01 a cal with 
chronic cholangiohepalitis and a slone in 
the gallbladder. The echodense stone 
(arrow) is Clearly depicted In the dark fluid 
in the gallbladder. 

cholestasis in most cases. In the cat they occur 
morc often in the large bile ducts 3nd result in 
obstructio n (H;l.ines et al., 1996). The diseilSe is 
rapidly progressive (Patn;l.ik et ai., J 981). 

Cllnlcalslgns 
Icterus is the most common sign. There is of len 
widespre;l.d infiltration of the tumour in the liver 
and thus hep3tomegaly. 

DiagnOSis 
Physical and laboralory examinalion only indi
cate extrahepatic cholenasis. Thc diagnosis can 
easily be missed with a blind liver biopsy, but Ihe 
tumours arc dctectable wilh ultrasonography and 
guided biopsy is diagnostic. 

Managllment 
The tumour is usually very infiltrative. It can 
sometimes be completely removed by lobectomy, 
but in most cases no treatment is possible by the 
rime clinical s igns occur. In view of the rapid 
progression of the disease euthanasia should be 
considered follo wing this diagnosis. 

Biliary tract rupture 
PathogenesiS 
The gallbladder or bile du{; t {;an ruplUre follo wing 
trauma or perforation duc to ulcerative infl amma
tion. Thc latter is often associated with {;holclithi
asis. In the majority of cases the cause is trauma, 
usually caused by an ;l.uto mobile, which tears a lob
ular bile dU{;1 from its junction wilh the hepati{; 
duct or common bilc duct (Walkins ct al., 1983: 
Parchman and Flanders, 1990). Because of Ihe deep 
separatio ns between the lobes in the canine and 
fcl ine livcr, only the duct fro m onc lobe is usually 
torn. The leakage of bile causes clinically detectable 
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ascitcs. Thc high concentration of bile acids causes 
chemical peritonitis and absorption of bile pig
ments from the abdomen causes severe icterus. 
Both peritonitis :lnd the absorption of bile acids 
can cause vonl it ing. The pcrimnitis C:lUSeJ impaired 
fluid resorption from the abdominal cavity, hence 
the rapid accu mulation of asci tes within a few days 
of the perforation. Since Clostridium is oCten 
present in the normal gallbladder, there is a risk 
of clostridial infection. Occasionally spontaneous 
rupture of the gallbladder occurs as a result of 
choleqstitis, usuall y due m gallstones. 

Clinical silins 
Severe icterus and asci tes develop within a few 
days. Vomiting is usual and there may be gener3.1 
mal3. ise and ano rexi3.. Fever and general illness :'lre 
remukably rare given the severe periwnitis. 

Diagnosis 
A history of recent trauma may be a strong indi
cation. Aspir3.tion of the ascitic fluid reveals free 
bile in the abdominal cavit)" which is diagnostic. 

Management 
Surgic;!.1 rep;!.ir is required following correction of 
the dehydration, electrolyte and pH abnormal ities. 
The tear in the large bile duct can easily be found 
by pressing some bile OUt of the gallbbdder. When 
there is ruptureof the gallbladder due to local chole
cystitis, cho k-cystectomy is indic3. ted and any gall 
swnes removed . Vigorous peritoneal lavage is 
indicated . Postoperative treatment for a few weeks 
with penicillin or ampicillin is :ldviuble because of 
the risk of clostridial infection. The prognosis is 
good. Even very ill animals with severe chemic:ll 
peritonitis recover rapidl )' (Manin er al., 1988). 

Deslrudive cholangiolitis 

Pathogenesis 
This is total absence of bile flow mimicking 
extrahepatic bi le duct obstructio n but caused 

by destruction o f int rahepatic bile ducts in the 
smaller portal areas. The cause is an ad verse 
reaction to sulphonamide drugs such as 
trimetho prim/ sulplu (van den Ingh et Itl., 
1988b; Rowland el al., 1992). The small bile 
ducts in the po rtal areas become completely 
necrotic, which resu lts in bile flow obstruc
tion. The dogs become very icteric and have 
extremely high AP, yGT, bi lc acids and 
tr.msaminases in plasma. No t only clinically 
but also histo logicall y the liver disease is very 
si milar to extr3.hepatic bi le duct o bstruction. 
Signs usually develop a few days after 
repeated medication with a sulphur·contai ning 
drug. 

Clinical signs 
Signs occur at any age and include sudden onset 
anorexia, depression. vomiting, po lyuria and 
sometimes acholic slOol, in combination with 
marked icterus. The liver may be moderately 
enlarged. 

Diagnosis 
The history is very important. With ultr:l.Sonogr:t
phy the expected findings o f enlarged, tonuous 
extrahepatic bile ducts which may be found in 
extrahepatic cholestasis, arc nOt present. The diag· 
nosis is made on the basis o f the characteristic 
histological fi ndings. 

Management 
There is no specific therapy, apm from immcdi· 
ate cessation o f the drug administered. Supportive 
care consists of pre\'emio n of dehydration and 
antiemetic drugs. It may be helpfu l to give bile 
salts (ursodeoxycholic acid) which can increase 
bile flow, but there arc few data about this 
ther:tpy. The prognosis is very poor; most dogs 
do not survive. 

I Feline Liver Diseases I 
The general part of this chapter on functional 
anatomy, physiology and clinically imponant 
syndromes is relev:!nt to both dogs and calS. 
The same ho lds for the sections o n history u k· 
ing, physic:ll examination, laboratory examina· 
tion :lnd other investigative ux:hniques. The 
section on dise:l.Ses o f the biliary tract is also 

applicable for cats. However, there arc a num
ber of speci fic diseases o f calS that arc different 
from dogs. The physiology of the li\'er differs 
from that of dogs in some specific aspects. 
C linically relevant differences in feline physiol
ogy will be deal t with. followed by a number of 
specifi c li\'er diseases of C:lts. 

Avtorsko zas!!: !e'lO gradivo 



I SPECIFIC ASPECTS OF FELINE LIVER 
PHYSIOLOGY 

One important difference between dogs and cats is 
the low cap:l.city of the liver enzymes responsible 
for conjugation of cholephilic substances 10 make 
them more polar as a prerequisite for biliary or uri
nary excretion. The low glucuronosyl [nnsfer.lSc 
capacity is important for the rnet:lbolism of endoge
nous producu such as bilirubin and exogenous 
compounds, either drugs or toxins. The climin:l
rion of drugs like chlor.tmphenicol, non-steroidal 
anti-inflammatory drugs :lnd anticonvulsants 
depends on this function of the liver. Hence, toxic 
side effects develo p more easily in cals in cases of 
overdosage or rwuced liver function. 

uts also have different :tmino :lcid requirements 
than dogs, b«;I,USC they can not synthesize sufficient 
quantities of a number of amino acids. Thus argi
nine, uurin~ and carnitine are essential amino acids 
for cats. Arginine is an important inlermroiate 
metabolite in th~ h~patic ur~a cycle in which ammo
nia is being converted into urea. This causes a rela
tive! y high susceptibility to hyperammoniaemia and 
hepatic ~ncephalopathy when protein intake is inad
equate, for example from anorexia. Cats, unlike 
dogs, may develop hepatic encephalopathy in cases 
of parenchymalliver disca.se without portosystemic 
collateral circulation. Arginine and taurine arc 
involvro in the hepatic production of apoproteins 
which arc used to form the v~ry low density lipopro
t~ins . These lipoproteins are the form in which th~ 
liver can secrete triglycerides into the circulation for 
further metabolization. Insuffici~nt availability of 
arginine and uurin~ may lead to accumulation of 
triglycerides in the liver, for example during fasting. 
Taurine also plays a role in detoxification, since it is 
being used by the liver as a conjugating group 10 

make substances such as bile acids more hydrophilic. 
Taurine is also involvro in glutathione metabolism 
which is one of the major routes in the detoxifica
tion of many toxins. Camitine is an intennediate 
enabling p-oxidation of long chain fany acids in 
mitochondria which may be impairro in anorexia. 

I CHOLANGITIS 

• Acole cholo.gllls 

PlthDlenesls 

Cats may have two different fonns of cholangitis, 
an acute and a chronic form. It is not certain 
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whether they arc different stages of lh~ sam~ 
disease. However, the chronic form is usually not 
preceded by a recognizable acute episod~ and the 
type of the inflammatOry process is different in 
both forms. Hence the author considcrs the acute 
and chronic forms as different entities and they 
are discussed separately. 

Acute cholangitis is most likely due to an 
ascending infection from the intestinal tract, but 
haematogenous infection may also occur. It is a 
bacterial infection and E. coli can be cultured from 
the bile in most cascs. The result is a suppurative 
inflammation. Histologically, the reaction is that 
of acute extrahepatic cholestasis, with portal 
oedema and polymorphonuclear inflammatory 
cells. Inflammatory cells arc also present in the 
lumens of the bile ducts, which differentiates it 
from si mple extrahepatic cholestasis (Fig. 37.24). 
Duc to the diffuse obstruction throughout the 
biliary tree, bile flow is hampered at the level 
of the proximal intrahepatic tributaries. Hence the 
extrahepatic biliary tree is not distended as in 
simple extrahepatic cholestasis. 

Clinical signs 

The signs are those of acute or subacute (1-3 weeks) 
inflammatory disease with general illness ;md often 
fever, together with those of extrahepatic cholesta
sis, mainl y icterus. The degrce of icterus is variable 
and depends on the s~v~rity of the inflammation 
(Hirsch and Doige, t 983; Shaker et ~/., 199 1). 

Diagnosis 

The bile acid, and in many cases also the activity 
of ALT in plasma is elevated, but this only 

Figure 37.24 Acute cholangiohepatitis in a cat. There is 
infiltration 01 neutrophils and some lymphocytes in the 
lumen of the bile ducts and in the portal area 01 the 
acinus. 
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indic:llcs hepatobiliary d isease in general. 
Ultr:uonography docs not give the changes 
expected in extrahepatic cholestasis, since the 
extrahep:llic bile ducts are nO! dilated and tortu
ous. In cases with severe cholestasis the gallblad
der tends to be ... mply since the intt:lhcp;uic bile 
ducts are also obstructed; normally the gallblad
der is always visible. The d iagnosis can only be 
confirmed with histological examination o f a liver 
biopsy. It is possible to sample bile from the 
gallbladder witl1 a finc needle usi ng uhnsound 
guidance, for bacterial culture and amibiOlic 
sensitivity testing. Th is may be especially helpful 
in cases that arc resistant to antibiotic therapy. 

Management 

Antibiotics which arc well excreted into bile arc 
indicated Uackson rt ai., 1994). The author prefers 
a 3-4 -week course of amoxycillin :md d;lvulanic 
acid. C hloramphenicol, al though well excreted 
into bi le, is nOt advisable since it may be toxic due 
to impaired detoxification and rrouced bile flow. 
Treatment is successful in most cases, but results 
should be evaluated with a repeated liver biopsy 
before cessation of medication. 

• Chronic cholangl.hepatltls 

Pathogenesis 

This form of cholangitis is different from the 
3CUle fo rm 3nd in many respects is comparable 
wi th chronic 3cti"e hepatitis in dogs. There is no 
acute onset of the d ise3se 3nd whcn patients 
develop clinical signs they are already in the 
cl1 ronic stage. Thc bile is sterile in animals with 
chro nic cholangiohepatitis, which docs not 
preclude possible infection at an earlier stage. In 
some cases liver flukes are detected as a primary 
cause of cholangitis. Wh:uever the cause, the type 
of inflammatory reaction in chronic cases is not 
suppurative but mononuclear (lymphocytes and 
plasma cells) and the inflammation extends from 
the portal areas into the parenchyma in a similar 
way to canine cllronic active hepatitis. Thc 
difference is that in calS there is diffuse intra
and extrahepatic cholestasis with mononuclear 
inflammatory cells in the bile ducts, which sug
gests an autoimmune destruction of bil iary and 
liver cell epithelium. Without treatment the d is
ease progresses to cirrhosis (Fig. 37.25). The liver 
tends to be en larged and is therefore palpable. 
O nly in advanced cirrhosis is the organ small. 
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Filiure 37 .25 Chronic cholangiohepatilis in a cal with 
bile duct prol iteration in the portal area, intiltration with 
lymphocytes and disturbance ot the normal acinar 
structure with fibrous tissue bridging between portal 
areas. This Is the beginning ot cirrhosis. 

The results of the disease are impaired liver 
functio ns, cholestasis and portal hypertension. 
Acquired portosystemic collaterals may d evelop 
and both parenchymal dysfunction and collaterals 
may induce hepatic encephalopathy. Ascites may 
occur, but this is rare in comparison to dogs with 
chronic active hep:llitis (Prasse et al.. 1982) . 

Clinical signs 

Signs of general illness with decreased appetite, 
weight loss and malaise are seen. The choleslasis 
gives a variable degree of icterus which tends to 
diminish in chronic cases, possibly because the 
kidneys take over many excretory fu nctions. 
H epatomegaly occurs in most cases and in 
advanced cases there is hepatic enceph310p:lth y 
and sometimes ascites. Fever is uncommon. 

Diagnosis 

There ma)' be palpable enlargement of the liver 
and blood exami nation re\'eals high bile acid 
le\·els with \'ariable increment of the AL T acti"it)' 
(Zawie and Garvey, 1984; Center, 1986). These 
findings arc not specific to differentiate this 
d isease from other hepatobiliary disordcrs. 
Ultrasonography indicates a diffusely enlarged 
liver, o ften with increased echodensity which is 
also not specific. An empty gallbladder may 
occasionally indicate the disease. The diagnosis 
depends on the specific histology of the liver, 
hence a biopsy is requi red . If there is no response 
to medication, liver fluke infection should be sus
pected and confirmed by examination of multiple 
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{aKal s:amples (Biels:a:lIld Greiner, 1985; l ewis et 
al., 1991). 

The diseue responds well 10 medication wilh 
prednisolone which suppressts thc infbmm:u ion. 
lonlj:- term trc::llment is mandatory, comparable 
10 that in chro nic active hepatitis in dogs. 
Prednisolone (I mg kg-I day-I) is given :In initial 
dose o f 2 mg kg-I day-' for o ne week. It is impor
tant to evaluate the response by liver biopsies after 
six weeks of treaunent since the liyer changes 
resul ting fro m chronic glucocorticoid admini5tra
[io n induce elevated liver enzymes and bile acids 
in pluma which makes blood txamin;nion 
unreliable to evaluate the condition o f the liYer. 
Medication must be continued until there is no 
do ubt about the cessation of the inflammation 
histologically. Supportive care m:l.y be required 
during the initial period to control dehydration 
and hepatic encephalopathy. If histological exam
in:u ion indicatC5 the deyelopment of fat accumu
lation in the liver, this requires specific supportive 
care 25 discu.ued under hepatic lipidosis. The 
prognosis is fayourable, u treatment is often suc
cessful and the disea~ em be cured completely. 
Liver fluke infection may be treated with prazi
qU2ntei. 

ITAL PORTOSYSTEMIC 

MoSt of the remarks made o n p2[hogenesis, clini
cal signs, diagnosis 2nd man2gement also apply to 
cats. The Iypes o f shunts seen in dogs m2y 2150 
occur in C2ts. C2tS tend to haYe more eJCtrahepatic 
shuntS. There is no breed predisposition fo r cau 
and consequently, there is no ind icatio n that it is 
an inherited dise2se (Rothui1.en ct a/. , 1982; 
Berger ct al., J 986). 

In cats it is not only important to monitor the 
blood glucose level during and following surgery, 
bUI one should also be aware of the risk of insuf
ficient intake of the cssenti21 amino acids fo r cau 
u mentioned in the introduction. Supple
mentation may be given intrayenously o r orally. 

I FELINE LIVER DYSFUNCTION 
RESULTING FROM SYSTEMIC DISEASE 

Cats, like dogs, display liver changcs in multicen
lriC diseues such as hypoxia (anaemia or shock), 

di:tix:tcs mellitus, hypcradr~nocorticism (sponu.
nrous or iatrogenic) and :tmyloidosis. 
Amyloidosis is more common in cats than in dogs 
(Blunden :tnd Smith, 19(2). Non-speci fi c re:tctiye 
hep:ttitis m:ty :llso occur in calS, but is much less 
frcquelllly diagnosed than in dogs. The remark.s 
made for dogs :tlso :lpply to cats. A few comments 
should be rn:tde fo r liyt:r lesions in fel ine infec
tious perito nitis and in hyperthyroidism. 

I The live, In lellne Inle.llo.s 
pe,ilonilis (FIP) 

Infectious perito nitis is an infectious yiral disease. 
The mani festations may tx: variable de~nUing o n 
the organs involyed. Ascites and pleural effusion 
arc not always r resent. In many cases, thc liycr is 
a major site 0 inflammation. In FIP tllere is :t 
granulomatous inflammatory reaction in the liver 
with multiple sm:tll granulomas througho ut the 
parenchyma. The granulomas arc too small to be 
detected with ultrasonography. but arc visible 
microscopically in a percut:tneous liver biopsy. 
Although these granulomas arc nOt entirely spe
cific for FlP, they give a very stro ng indication for 
this diagnosis. 

Fo r fu rther details on the disease refer to 
C hapter 49. 

• The live, In lellne hype,lhy,oldlsm 

H yperthyroidism is associated with £:ttly infilt ra
tion of the hepatocytes. This docs not cause clini
cal signs o f liver dysfunction, but c:x:plains thc 
abnormally high liyer enzymes and bile acid leyels 
seen in many cues. The fauy ch:tnges are nOt 
seyerI.' and there is no liver enlargement. A num
ber o f signs :I.$sociatcd with hyperthyroid ism 
mimic those of primary liyer diseases, for example 
polyuri:t, vomiting, diarrhoea and weight loss. 
Hence one m:ty elK t to measure blood parame
ters to screen for liver disease and 2 subsequent 
liyer biopsy may reyeal the hiJlOiogical changes. 
Hyperthyroidism is diseussed in det:!.i l in Chapter 
39. 

• Hep.lI. lipidosis 

Pathogene!/! 

Fat accumul:ttion in the liyer generally occurs as a 
resu lt of metabolic conditions in which there is 

o 
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incrcased deposition or impaired removal of 
triglycerides in the liver. C linically, this may be 
important in diabetes mellitus as discussed fo r 
dogs. Subclinic.11 f.1t .1ccumul:ttion only detectable 
on histological examin.1tion. occurs in many other 
conditions such as high c:tloric intake, hypoxia 
.1nd induction by a number o f toxic substances. 
Cats, however, m.1y display an idiopathic form of 
liver lipidosis which may become life- threatening. 
This fo rm is referred to as feline hepatic lipidosis. 

Accumulation of triglycerides results from a 
disturbed balance between triglyceride uptake by 
the liver and its removal. The laner is normally 
achieved by formation of lipoproteins (especially 
very low density lipoprotein, VLDL) which is the 
way the liver can sC(;rete fauy :lcids into the circu
!:ttion for metabolism in other tissues. Another 
route for the liver to met:lbolizr fatty :lcids is by 
p-oxidation. 

Obese cats seem to be predisposed but lean cau 
may also develop lipidosis. It is generally appreci
ated that prolonged fasting is a most imponant 
fmor inducing lipidosis (Biourge et al., 1993). 
F.1sl ing may affect the hepatic fauy acid metabo
lism in three w:lys (Biourge et ai., 1990; Cantafora 
et al., 1991). Fi rst, fasting induces pcripherallipo
lysis and incrcJ.scd del ivery of fatty acids to the 
liver. Second, thc inl.1ke of essential amino acids 
may be inadequate. Deficiency of arginine and 
taurine may inhibit the apoprotein fo rmatio n nC(;
esS:lry to produce VLDLs in which the li ver can 
secrete the faIry acids, hence funher hepatic accu
mulation of triglycerides occurs. Fin:llly, carnitine 
deficiency may gi \'e impairment of the ~
oxidation which is a major pathway for fatty acid 
c:uabolism in the liver (Jacobs et ai., 1989, 1990). 

Most cats with lipidosis have slight hypefbly
caemia which is not due to stress, since they also 
have impaired glucose tolerance (Center et al., 
1993). The nlC(;hanism underlying the der:tnged 
glucose met:lbolism is not known. There is no 
tendency to develop ovcn diabetes mellitus and 
therefore the condition is not a form of pre
diabetes. Both high :tnd low levels of insulin and 
gluc:tgon ha\'e been reponed. H owever, high 
doses of insulin are required to lo wer the blood 
glucose in these cats suggesting insulin resistance. 
High growth hormone concentrations have been 
recorded in a few patients, which could explain 
the insulin resis tance. H owever, this could not be 
related to progestin administration o r other 
factors known to induce growth hormo ne excess. 
Whate,'er the cause, hypef1;lycaemia is a possible 
faCl or contributing to the accumulation of 
triglycerides. 

Lipidosis results in hepatomegaly with yellow 
discoloration and a friab le texture. As in all types 
of hepatomegaly the margins of thc lobes become 
rounded. Swelling of cells can gi,'c rise to intra
hepatic cholestasis and rcduced livcr function and 
fasting may trigger hepatic encephalopathy . 

Lipidosis may occur at any age in either sex. 
There seems to be an increased incidence around 
middle age. Individual susceptibility plays a pan 
in that some cats sustain prolonged fast ing with
out developing lipidosis whereas others get recur
rences wi th every episode of prolonged fasting. It 
is remarkable that hepatic lipidosis occurs regu
larly in the United St:ttes but less frequentl y in 
Europe and more on the continent than in Britain. 
It is not known whether these regio nal differences 
reflect genetic differences or differences in diet. 

Clinical signs 

Cats arc presented with anorexia and malaise. 
There may bc occasional vomiting. Icterus is a 
regular findin g :tnd hepatic encephalopathy may 
occur. 

Diagnosis 

The clinical signs and findings at physical exami
nation (icterus and hepatomegaly) are not specific 
and neither are elevated bile acids and liver 
enzymes in plasma. Slight o r moderate hyper
glycaemia .1nd prolonged increment of plasma 
glucose in a glucose tolerance test rna}' indicate 
lipidosis, bUI is not diagnostic. It should be 
remembered that stress during blood sampling 
often gives hypcrgJycaemia in cats. The diagnosis 
can only be made by li"er biopsy and because of 
the diffuse nature o f the disease a blind procedure 
is always diagnostic (Fig. 37.26). 
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Figure 37.26 fatty liver in a cat. There is micro- and 
macrovesicular steatosis of the hepatocytes. 
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h is important to get the cat out of iu catabol ic 
state ;and to supply the ;amino ;acids essential to 
prevent funher fat accumulation ;and develop· 
ment of hepatic enccph;alopathy. Force fe«l ing of 
flu id food is requir«l and Ihis c:lon be :Ioehieved in 
most cues by slow o ral injection from :I syringe 
(Corndius :lnd Rogers, 1985; Biourge et al., 1991 ; 
Center et al., 1993). F~ding via:l n:losogaslric lUbe 
is necessary if the cat is unable to be fo rce fed. 
Baby milk or veterinary milk formulations with a 
similar composition arc usually ad~u:lo te. It may 
be advisable to give \·iumin B supplementation. 
There is little point in giving glucose as an energy 
source, since these animals tend to have glucose 
intolerance and can not adequately utili7.e it. So
called lipotrophic compounds like methionine 
are not recommended (see seclion on hepatic 
encephalopathy). Insulin administration is not 
recommended, bec:l.u$C of the risk of life-threat
ening hypoglycaemia. H ypcrglycaemi:lo seems to 
be :I. second:l.ry phenomenon. These meuures 
o ften h:l.ve to be conlinued for :10 long period, 
which the owner can do :l.t home. Nevertheless, 
the prognosis is guarded and roughly half of the 

• cau survIVe. 
Supportive care includes restoration of fluid 

and electrolyte balance. Ammonia, electrolytes 
and pH should be monitored and supportive c:Io re 
directed at hepatic encephalopathy if required. 

I TUMOURS OF THE LIVER 

All tumour types described for dogs may also 
occur in cats (POSt and Patnaik, 1992; Patnaik, 
1992). The moS[ common tumour in cau is m:lo l ig~ 
nanl lymphoma. The liver is involved in most 
cues with the multicentric form of the diseue and 
can be diagnosed by cytology of aspi rates from 
lymph nodes. Ahem:lolively, liver biopsy is a sen
sitive way to make the diagnosis and a sme:lr from 
a fine needle biopsy is adequate. C hemotherapy is 
discu55«1 in Chapter 50. 
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Diseases of the Exocrine Pancreas 
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I INTRODUCTION 

The major function of the exocrine pancreas is to 
secrete digestive enzymes and coenzymes as well 
as factors that playa role in the absorption o f spe
cific nutrients such as cobalami n (\·ilamin Bll) and 
zinc. Antibacterial facton prescnt in pancfcluic 
juice inhibit bacterial prolifer;ation in the proximal 
Sffi311 intestine, and pancreatic secretions also 
influence the function of the small imestine by 
contributing [0 the normal dcgn.dation of 
exposed brush border enzymes, and by cxcning a 
trophic dfeel on the mucosa. 

I ANATOMY 

The pancreas of dogs and cats consists primaril y 
of right and left lobes with a small cemral body 

Figure 38.1 Anatomical associations of 
the canine pancreas. 
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where the lobes join together (Fig. 38.1). II devel
ops from bud-like primordia arising from the 
embryonic small imestine, and therefore repre
sents an extension of the glandular mucosa of the 
duodenum, to which it remains conneClro by 
secretory ducts. In the dog, two ducts arc usually 
presen!. The pancre:uic duct opens adjacent to the 
bile duct on the major duodenal papilla, and the 
accessory pancreatic duct opens on the minor 
duodenal papilla a few centimetres distal to the 
major duodenal papilla. These twO duct systems 
usually communicate within the gland. In some 
dogs only the accessory pancreatic duct (the 
larger of the two) is present and :"Ill pancreatic 
juice enters the duodenum through the minor 
duodenal papilla. In the cat, o nly the pancreatic 
duct is generally present, and it fuses with the 
bile duct before opening at the major duodenal 
papilla. However, in approximately 20% of cats 

: ___ ....:==~= s."""" ::- Pancreas 

Caecum---
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the accessory pancreatic duct is also present. 
Additional accessory pancreatic tissue may be 
present spor:ldically in somt individuals 
(Schummer et al., 1979). 

An:uomiC2lly the pancreas is closely associ;lled 
with the stoffi3Ch. livcr and duodenum (Fig. 38.1). 
The body lie$ in the bend of the cranial part of the 
duodenum, the right lobe lies in the rncsoduode· 
num 2nd accompanies the descending duodenum, 
and the left lobe lies in the decp wall of the greater 
omentum and accompanies thl!' pyloric part of the 
srom",ch to the left. The p:mcrcas is well supplied 
with blood by branches of the cO<'liac and cr:lnial 
mesenteric arteries. Venous drainage terminates in 
the portal vein. 

Each microscopic pancreatic lobule is composed 
mainly of cells that synthesize the digestive 
enzym~s (acinar c~lIs) , and a smaller number of 
C~1J5 that make up th~ branching duct system 
(Bockm:m, 1978). Th~ c~ lI s lining the wbul:u s~g· 
m~nts o f th~ gland into which acinar cells secret~ 
(c~n[(o:l.cinar celts) :l.r~ th~ m:l.jor site of pancreatic 
bicarbonate and fluid secretion. The pancreas also 
contains endocrin~ ti55u~, th~ islets of Langerhans. 
but this accounUi for only 1- 2% of the gland. 

In many species, including dogs and cats, an 
is l ~t-:l.cinar po rt:tl syst~m co mmunicates between 
the endocrine and th~ ~xocrine tissue. Essenti:l.lIy 
all of the blood leaving the islets goes into :tcinar 
capillaries before leaving the pancr~as, :l.nd the :l.ci
nar cetls. particululy thos~ surrounding the islets. 
:l.r~ th~r~fore ~xposed to high concentr:l.tio ns o f 
isl~1 hormon~s. This is thought 10 b~:l.n important 
mechanism by which insulin and other regul:l.lOry 
p~ptides ~xert regulatory rol~s on th~ ~xocrin~ 
p:l.ncreas (Williams and Goldfine, 1993). 

Although th~ pmcreas is not supplied by wen· 
defined extrinsic nerves it is richly supplied with 
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myelinated and unmycl in:tt~d n~rv~ fibres, 
derived from the v:l.gus and spl:l.nchnic n~rv~s. In 
:l.ddition to the tl':l.diliona\ cholin~rgic (p:l.r:lsym
p:tthetic) :tnd :tdrenergic (symp:l.thetic) tr:losmit
ten it is now :l.pp:trcnt th:l.t s~rotonin, dop:l.mine. 
and a variety of regulalOry peptid~s including 
vaso:l.c tive int~stinal polypeptid~ (VIP), gastrin 
releasing peptide (G RP), substance P, neuropep
tide Y, and enkephalin-rel:l.ted peptides arc also 
present in these nerve fibres (Holst, 1993). 

I BIOCHEMISTRY 

The acinar cells se<:rete a fluid rich in enzymes 
th :l.t degrade proteins, lipids :tnd polysacch:trides 
(fable 38. 1). This protein-rich secretion is diluted 
and carried along the duct system by the profuse, 
watery, bicubonate· rich s~cretion of th~ centro· 
acinar and duct cells (Cas~ and Argent, 1993). 
Although this bicarbonate contributes to the neu 
mlization o f gastric acid ~mptied into th~ duode
num, it is prob:l.b!y not indispens:tb!e for the 
mai ntenance of a neutral pH since secrction of 
bicarbo nate and absorption o f hydrogen ions by 
the intestinal mucosa itself provides a tremendous 
capaciry 10 dispose of acid. 

Sevcral mechanisms exist that discour;tgc 
autodigestion of the pancreas by the enzymes that 
it se<: re t ~s (Rinderkne<:ht, 1993). First, proteolytic 
and phospholipolytic ~nzym~s ar~ synthesized, 
stored ;tnd secreted by the p;tncr~as in Ihe form of 
in:l.c tive zymogens (indic:tted by the addition of 
the prefix pro- o r the suffix -ogen to the enzym~ 
name (T ab!~ 38.1). Enzym~s fro m sever:l.! sources, 
including some lysosomal proteas~s. ar~ capable 
o f activating pancreatic zymogens, but ordin:trily 
:tcti\,:ttion of zymogens does not occur until they 

Tlil,38.1 Major secretory proteins 01 the exocril'l8 pancreas 01 the dog 

Enzymes secreted as inactiv9 zyrnooens 

Coenzyme 

Enzymes 

Inhibitor 

Trypslnogens 
Chymotrypsinogens 
Proelastases 
Procarboxypeptldases 
ProphosphOlipase A, 

Procollpase 

a-amylase 
lipase 

Pancreatic secretory trypsin inhibitor 

trypslns 
cllymotrypslns 
elastases 
carboxypeplidases 
phOsphOlipase ~ 

coIipase 
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Figura 38.2 Diagrammatic representation 01 zymOQen 
activation (activation of trypsinogen to trypsin by 
enteropeptidase). Modified from Williams (1989), p. 1530. 

;m: secreted into the small intestine. The enzyme 
enteropeptidase, synthesized by duodenal emero
cytes, is particularly effective at cleaving the 
activation peptides from trypsinogens to form 
trypsins (Fig 38.2). Active try psins subsequendy 
cleave activation peptides from other digestive 
zymogens (Fig. 38.3). 

Second ly, fro m the moment that synthesis of 
digestive enzymes begins they arc segregated, 
along with potentially damaging lysosomal 
enzymes, into the lumen of the rough endoplas
mic rcticulum. Segregation of enzymes in the 
cisternal space is continued as they are processed 
through the Golgi apparatuS, where lysosomal 
enzymes arc selecth'cly routed to Iysosomes. The 
digestive enzymes arc incorponted into condens
ing \'acuoles and ultimately zymogcn granules, in 
which they arc stored prior to secretion (Fig. 38.4) 
(Scheele and Kern, 1993). 

Finally, the acinar cclls cont:lin :l specifi c 
trypsin inhibitor that is synthcsizcd, sto red and 
secreted toget her with the digestive enzymes 
(Laskowski and Kato, 1980; Rinderknecht, 1993). 
This pancreatic secretory trypsi n inhibitor imme
diately inhibits :lny trypsin produced sho uld there 
be :lctivation of lrace amounts of trypsinogen 
within the acinar cell o r duct system, and there
fore blocks fu rther intrapancreatic activation of 

TrypsirJCl9llf1 ! Enteropepfidase T_ 
ENZVME 

c 

AEA / Nucleus 
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Figure 38.4 Normal intracellular routing of digestive and 
lysosomal enzymes to separate compartments within the 
pancreatic acinar cell. Modified from Williams (1989), 
p. 1531. 

the digestive enzymes (Fig. 38.5) (Laskowski :lnd 
Kato, t 980; Rinderknecht, 1993). 

I PHYSIOLOGY 

The exocrine pancreas secretes juice into the duo
denum both in the absence of food (basal or inter· 
digeslive secretion) and in response to a meal. The 
response following feeding is biph;uic: an ini tial 
phase that peaks at about (WO hours and is rich in 
enzymes, and a second more voluminous phase 
that peaks at about eleven houn and is rich in 
bicarbonate ( ltoh t't al., 1980). 

Pancreacic secretion occurs as a response to 
cephalic stimulatio n, such ;u the anticipation and 
smell o f food,;u well as gastric and intestinal stim
ulation due 10 the presence of food in the stomach 
and small intestine. The response to these stimuli 
is mediated by a complex interplay of excitatory 
and inhibitory nervous and ho rmonal mecha
nisms; in dogs and cats the endocrine mechanisms 

Figurtl 38.3 Activation of pancreatic pro
leases and phospholipase. 
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Alire 38.5 Pancreatic secretory trypsin inhibitor 
(PSTI) is a low-molecular-weight (6000) trypsin-specific 
Inhibitor protein present in pancreatic zymogen granules 
and pancreatic juice. II prevents Intrapancreatic cascade 
activation of pancreatic enzymes lollowlng spontaneous 
autoactivation of trace amounts ollrypsin within the pan
creas. A transient Inhibitor only, it Is eventually digested 
In the duodenum by the trypsin thaI it temporarily 
Inhibits. Modilien from Williams (1989). p. 1530. 

:U~ prob:lbly of particular impomncc (Singer, 
1993). Secretin and cholecysto kinin, released into 
the blood from the proximal smOlll intestine when 
acid and partly digested food are emptied from 
the sto mach inlO the duodenum, 5timul.uc the 
s«:~[ion of biarbonate-rich and enzy me-rich 
componcnu of pancreatic juice, respectively 
(Williams and Yule. 1993). 

I PANCREATITIS 

Inflammatory disease of the pancreas in humans is 
usually divided into aCUIe and chronic types based 
on a combination of diagnostic criteria that may 
be: loosely applied to cats and dogs (fable 38.2) 

TIIIII3I.2 Classification of pancreatitis 

Acute 
Aetiology Vallous 
~flty Mild 
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(Samer, \993). Acute pancreatitis may be defined 
as inflammation of the pancreas with a sudden 
onset. Recurrent acute: disease refers to repeated 
bouts of inflammation with linle or no permanent 
pathological changes. Chronic pancreatitis is a 
conti nuing inflammatory disease characterized by 
irreversible morphological change and possibly 
leading to permanent impairment of function. 
Both acute and chronic pancreatitis may be: fur
ther subdivided based on the aetiology, jf known, 
and the degree: of severity. Diagnostic limitations 
oft en preclude the StriCt application of these crite
ria in \·eterinary medicine. and the true prevalence 
of each is not known. but acute and recurrent 
acutc disuSt" are: more commonly diagnosed than 
chronic pancrcatitis. 

Acquisition of knowledge about naturally 
occurring pancreatitis in dogs and cats has been 
hindered by the lack of specific laboratory tests, 
the inaccessibility of the gland, and rduct2ncC' to 
biopsy pancreatic tissuC'. When examined at 
C'xplor.uory laparotomy or necropsy the :lcutely 
inflamed pancrC'as is oedematous. and there may 
be fibrinous adhC'sions to adjacent organs. 
$c:\'erdy affected arC'as of pancreas may be liqui
fi ed, sterilC' pseudocysts may form, and SC'Condary 
infection with C'ntC'ric organisms may produce 
abscC'ssC's. Histologically therC' is extC'nsive multi
foca l infiltration by neutrophils. and varying 
degrees of haemorrhagC'. necrosis. oedema and 
vessd thrombosis. HaemorrhagC's may be: present 
in the omentum and in thC' pancreas, and there: arc 
often chalky areas of fat necrosis both adjacent to 
the pancrC'as and duwhC're. The peri lOneal cavity 
may contain a small amount of bloodstained fluid 
containing f:lt droplets (Jubb el al .• 1985). 

no multisystem fa ilure 
uncomPlicated recovery 

8M" 

Chronic 
AeIiOlClgy 

""". 

mUltisystem failure 
complicatIOn, e.g. pseudocyst, abscess 

Vanous 
Mild 

mlmmallTlOfllhologlCill chanoe 
subclinical loss 01 exocnne or ex"",,,,,lo"I8.function 

8M" 
severe morphologreal damage 
dmical exOCflne pancreatiC insufficiency or dL3betes mellitUS 
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Ailer an acute episode, ther~ m:ay be complete 
resolution. or the infbmmatory process may 
conti nue to smou lder asymplom;uicaliy. C hronic 
pancreatitis may lead to fibrosis and atro phy such 
that only a few dislOrted lobules remain Oubb ('I 
a/. , 1985). 

Although recent repo rts hav~ described acute 
necrotizing pancreatitis in cats similar to tilat seen 
in dogs (Schaer :and Holloway, 1991 ; Hill and Van 
Winkle, 1993; Simpson el al., 199;J) as wcll :as a 
histologicall y distinct suppurativc form (Hill and 
Van Winkle, 1993). chro nic mild interstitial pan
creatitis ch:aracteril.ed by inflammation of inter
stitial tissue apparently spreading from the ducts, 
is th~ rype of pancreatic inflammation tradition
ally reported in cats (Duffell, 1975; Kelly 1'1 ai., 
1975;J ubb f't at., 1985; Williams, 1989). This laner 
type of pancreatitis is often accomp:anicd by 
cholangiohepatitis, infl ammatory bowel disease, 
:and someti mes by interstitial nephrit is, each of 
which m3Y be of gre;lIer clinic;!.l signifie;!.nee th3n 
the pancreat it is. 

• Pathophysiology 

It is gcnel"3l1 y belicved that p:ancrcatitis develops 
when there is activatio n of digestive enzymes 
within the gland with result:ult pancreatic :autodi
gestion. Thc site of initiation o f enzyme activ3tion 
has been assumed to be th~ interc~lIul3r spac~ or 
duct system, but recent studics havc indicated an 
intracellular basis for abnormall.ymogcn activ:a
tion. It has been shown that befo re the develop
ment o f overt pancreatitis in several experimental 
models, abnormal fusion of lysosomes and zymo
gen granules occurs. probably due to failure of 
normal intracellular transport, stor:age o r exo
cytosis o f zymogen gl"3nule contents (Fig. 38.6). 
l ysosom:al prote;!.ses :a rc e:apable of activating 
trypsinogen, 3nd pancreatic secretory trypsin 
inhibitor is ineffective at the ;!.eid pH present in 
lysosomes. Failure of the normal subcellular 
nlechanisms for effcctiv~ segrcg:nion of zymogens 
;!.nd lysosomal proteases (Fig. 38.-1) may be a com
mon underlying mechanism in the development 
of pancreatitis due to :a v:a riety of otherwise dis
simil;!.r causes (Steer and Mcldolesi, 1987; Steer 
and Saluja, 1993). 

O nce intracellular activation of trypsinogens 
to trypsins takes place. further activation of all 
enzymes. particularl y proelasl3Se and pro
phospholipasc. will amplify pancreatic d;!.mage. 
Experimental and clinie;!.1 studies indic;!.te that 
;!.ctivation o f progressively larger amounts of pro-

RER / Nuc:ktus 
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Figura 38.6 Experimental disruption of protein transport 
by acinar cells. Abnormal accumulation of secretory 
proteins within the cisternal compartment stimulates 
lysosomal degradation pathways with resultant mixing 
of zymogens and lysosomal proteases. Subsequent 
activation 01 zymogens by lysosomal proleases at the 
acid pH In these vacuoles may result in pancrealitis. 
Modified from Williams (1989), p. 1531. 

tease and phosphol ipase within the gland is asso
ciated with transfornl;ltion o f mild ocdematous 
pancreatic inflammation 10 haemo rrhagic or 
nttrotic pancreatit is with multisystem involve· 
ment (Fig. 38.7, Table 38.3) (Lasson. 1984; Steer 
and Meldolesi, 1987). 

Once enzyme ;!.ctivation is initiated, oxygen
derived free radicals may be imponam in the 
progression of pancreatitis. These r3dicals Clln 
damage cell membranes dir«:t!y by peroxidation 
of lipids within the membrane. Under normal 

Aetic*lgiral ]acton; 

+ 
• Trypsin -~. Other proteases 

+ ,,/ 
(i) Oilect tissue damage 

(;'1 Cascade initiation: 

Coagulation 

Fiblil10lysis Com_ 
KIlI~klein-llioin 

Figurl 38.7 local and systemic effects of trypsin in 
pancreatitis. Modified from Williams (1989). p. 1533. 
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Table 3Il.3 The role 01 eru:ymes in the palhophysio~ 01 pancreatitis 

Enzyme Palhophyslologlcal action 

Tfypsln Aclrvation 01 other proleases 
Coagulallon and fibrinolysis 

PhosphOlipase A, 
(disseminated Intravascular coagulation) 
HydrolysiS 01 cell membrane PhosphOlipids 
Pulmonary surfactant degraoaUon 
OemyeUnallon 
(cell necrOSIS and liberation of toxic substances such as myocardial depressant tactor) 
(respiratory distress) 

Elastase 
(neurological signs - pancreatIC encephalopathy) 
Degradation 01 elasUn In blood vessel walls 
(liaemorrhage, oedema, r~plratory distress) 

ChymotfYPsln 

Kallikrein 
Kmms 

Aclmtion ollCi1nthine oxidase and subsequent generauon of o.yoen-derlved free radicals 
(membrane damage) 
Kinin generation Irom kininogens 
Vasodilation, pancreatic oedema 
(hypotension. shock) 

Complement Cell membrana damage. aggregation olleucocytes 
(1ocaIlnllammalJon) 

lipase Fal hydrolysr.. 
(1OcaI1at netIOSIS, Ilypocalcaemla) 

circumsrallc~s , the small :tmounls of free r.tdical 
which form :I.re detoxified by scavenger enzymes 
such as superolCidc dismutase and calalase, but 
when the capacity of the defence mechanisms is 
excccdt-d tissue injury ensues. Perfusion o f the 
pancreas with free-radical scavengers ameliorates 
the severity of pancreatit is induced by a varicty of 
experiment:tl manipulations (Sanfey t!1 ai., 1984). 

Plasma protease inhibitors, especially a 
macroglobulins (Fig. 38.8), are vital in protecting 

.·M 
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Figure 38.8 n-Macroglobulins (n-M1 and a-M2) are 
high-molecular-weighl (750 000) plasma proleins. 
These are highly effeclive 'life-saving ' inhibitors when 
large amounts 01 almost any proteolytic enzymes, includ
Ing pancreaUc digestive proteases, are released 1nlO 
Ihe vascular space. Complexes 01 enzyme and inhibitor 
are rapidly cleared by Ihe reticuloendothelial syslem. 
Modified from Williams (1989), p. 1530. 

agai nSl the o therwise fat:tl effecu of proteolytic 
enzymes in the v:tscu!:tr space. Dogs tolerate 
inl r.lvenous injection of trypsin o r chymotrypsin 
without showing adverse effeclS providing free 
a -m:tcroglobulins :trc :tvailablc to bind these 
proteases. O nce a -macroglo bulins arc no longer 
available death ensues r.tpidly from :tcute dissem
inated intravascular coagulation and shock as the 
free pro teases aclivate the kinin, coagulation, 
fibrinolytic and comp[emenl cascade systems 
(Fig. 38.7) (Ohlsson et ai., 1971). 

Binding of proteues by a -macroglobulin 
results in a change in conformation which allows 
the complex to be recognized and rapidly cleared 
from the plasma by the reticuloendothelial 
system. This removal is important since a 
macroglobulin-bound prote:ases reuin cat:alytic 
activity, panicularly ag:ainst low-mo lecular
weight substrates (Fig. 38.8); normal fun ctioning 
of the rcticuloendothelial system is ;m imponant 
factor determining survival in experimental 
pa.ncreatitis (Kark ci ai. , 1974; Marcoullis and 
Rothenberg, 1981). 

Plasma a i-protease inhibitor (Fig. 38.9) is still 
available to bind prOleases when a -macroglobu
lins arc salUr.lted with trypsin, hut binding to 
a I-protease inhibitor does not prOtect against life
threatening complications. Although pancreatic 
proteases bound to a -prote:ase inhibito r are 
cffectively inhibited, the binding is reversible (Fig. 
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Figurt 38.9 Alpha,-protease inhibitor (a, antitrypsin. 
a.-PI) Is an albumin-sized (molecular weight 55000) 
protein present in plasma and intercellular fluid. It prob
ably lunctions primarily as an inhibitor 01 neutrophil 
elastase and other proteolytic enzymes re leased during 
inflammation, thus localizing the Inllammatory response. 
It may also act as a temporary inhibitor 01 proteases 
released Into the inlercellular fluid and blood during 
acute pancreatitis, but is not 'Iile-savlng' in this disease. 
Modilled Irom WlIIiams (1989), p. 1530. 

311.9). Alpha,- prOle;m inhibitor probably func 
lions largely as a tr.tnsient inhibitor and an inter
ml-d iary in the transpon of protease to the 
prOlttti\'e a -macroglobuli ns. panicularly in the 
extn.vascullr spaces imo which the large Cl 

macroglobulin mo lt-culC$ cannot penneale 
(Ohlsson el al .• 1971; Lasson, 19114). 

• Ae tiology 

T he cause of spolllanrous canine :lnd fd ine pan
cre;u itis is usually unknown. but thc following 
ha\'c been impl icated as possible aetio logical 
fac tors. 

NutritiDn 

The exocrine pancreas is highly respo nsive 10 

changes in nutritional su bstrates prescnt in the 
die!. It has been reponed that pancreatitis is more 
prevalent in obese animals, and difficuh to induce 
experimentally in malno urished dogs (Goodhead, 
197 1). However. malnutri tion has also been 
repon ed to n use pancreatic inflammation and 
atrophy in human patielUs. and pancreatitis has 
bct.'n o bserved after refeeding following a pro
longed fast (Pitehumoni and Schte1e, 1993). 

Hyperllpoproleln6emi. 

Some f.tmilial hypcrlipoprOieinaemias in humans 
arc associated with frequent episodes o f pancre
atitis thai respond to control of scrum triglyceride 

levels (Steer and Saluja, 1993), There is anecdotal 
e\·idencc thai pancreatitis in dogs often develops 
following a fatty meal, :lnd may be panicularly 
prevalent in miniature schnauzers with idiop;athic 
hyperlipoprOiein.lcmia. It is nOi known why 
hypcrlipidaemia mighl C.lUSC pancreatitis, but it 
has been suggesled that toxic fatty acids arc gener
ated within the pancreas by the action o f lipase o n 
abnormally high concentrations of triglyccrides in 
pancreatic capi lIaries. 

Drugs 

A number of drugs ha\'c bcen associated with the 
de\'d opment of pancreatitis. although absolute 
proof of a causal relationship is o ften unavailable 
(Mallory and Kern, 19110; H ansen and Carpenter, 
1983). Suspect drugs commonly used in veteri
nary nledicinc include thiazide diuretics, 
fru scmide. azathioprine, L-asparaginase, 
sulphonamides and tetracycline. Considerable 
controversy exists as to whether o r not corticos
teroids may induce p:r.ncrenilis. a particular prob
lem since Ihty may be o f val ue in the treatment o f 

• • pancreOlIllU. 

Infection 

Viral and parasitic infections may be associated 
with pancreatitis. but o nly :lS part o f a mo re 
generalized disease (RothC'nbacher and lindq uist. 
1963; Sman e t 411 .• 197) . BactC'ri,,-1 infC'ction 
increases the se"C'ri t)' of experimental pancre;J.t it is, 
and it may aCI si milarly in spontanrous d isease 
(Keynes, 1980), 

Duel obstruction 

ExpC'riment"al obstruction o f the pOi nereOi tic ducts 
products inflammation. part icularl y whcn the 
gland is stimu lated 10 sccretc. The p:llhology in 
this model is characterized by oedema. chronic 
in/lammnion. atrophy and fibrosis rather than 
fulminating acute pancreatitis (Steer and Saluja, 
1993). Clinical cond itions that ma)' lead to 
obstruction o f the pancreatic duClS inc1 udt biliary 
calculi, sphinctC'r spasm. oedema of th t duct o r 
duodenal wJ.lI . tumour. parasites and surgical 
interference (Steer and SOiluja, 1993). Biliary cal
culi arC' a major CJ.use of pancreatitis in humans. 
but this has not been repo ned in dogs and cats. 
presumably because o f the low ineidencc o f gall
stones in these species, and in dogs. the separation 
of the pOincreOi t ic OInd bile ducts. Convcrgence of 
the fcl ine biliary and pancre;alic ducts may be a 
facto r in thc pre\'alcncc: of c~xistent chronic 
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interstitial pancre:uitis and cholangiohepatitis in 
that species (Duffell, 1975; Kelly et al., 1975; j ubb 
tt al., 1985). 

Duod,nal "nUx 
Surgically induced reflux of duodenal juice into 
the pancreatic ducts causes se\'ere acute pan
creatitis. Enteropeptidase, activ:ued pancreatic 
enzyme-s, bacteria and bile present in the refluxed 
juice may all contribute to development of pan
cre-atitis (Steer and Saluja, 1993), Under normal 
circumstances such reflul( is unlikely to occur 
since the duct opening is surrounded by a special
ized compact, smooth mucosa over the duodenal 
papill:t, and is equipped with an independent 
sphincter muscle (Keane et al., 1981). These pro
tective mechanisms may fail in the face of abnor
mally high duodenal pressure, such as may occur 
with vomiting (Steer and Saluja, 19(3). 

Hyp,rcalcaemla 

Pancreatitis is considered a complication of 
hypercalcaemia in human patients (Geokas el al., 
t 985), but the validity of this association has been 
questioned (Steer and Saluja, 1993). Pancreatitis 
has been reported in a dog with primary hyper
parathyroidism, and fo llowing induction o f iatro
genic hypercalcaemia in a dog (Neuman, 1975; 
Schaer, 1979). 

Trauma 

Surgical manipulation, automobile accidents, and 
falling from high buildings arc potential causes of 
pancreatic traum:t, but reports o f pancreatit is fol 
lowing such insu lts arc rare, and in mOST c:ues of 
abdominal trauma, injury to the pancreas is prob
ably mild or unrecognized (Suter and Olsson, 
1969; Steer and Saluj:t, 1993). Pancreati t is is a rare 
complication of pancreatic biopsy using either 
wedge o r needle techniques. and is also uncom
mon following resection of pancreatic neoplasms 
(Dalton and Hill, 1972; Moossa and Altorki, 
\983). 

Uraemia 

Morphological changes in the pancreas have been 
associattd with renal failure in a numbtr of 
species, al though severe aCute pancreatitis is 
clearly not a common complication of renal fail
ure in dogs and cats (Polzin ct al., 1983). It is 
likely that renal fai lure secondary to acute pancre
atitis is encountered more frequently (Goldstein 
et al. , 1976). 
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Ischsemlll 

Ischaemia may be important in the pathogenesis 
of acute pancreatitis, ei ther as a primary C;1use or 
as an exacerbati ng influence. Pancreatic ischaemia 
may develop during shock or secondary to 
hypotension during general anaesthesia, and may 
explain some instances o f postoperative pancreati
tis in which areas remote from the pancreas arc 
operated upo n (Sanfey N al., 1985; Steer and 
Saluja, 1993). 

Hemdltary 

Hereditary facto rs :arc important in some forms of 
pancreati tis in human patients, such as those asso
ciated with hmili:al hyperliporroteinaemia and 
developmental abnormalities 0 the duct system 
(Gcokas et al., 1985; Steer and Saluja, 1993; 
Westermarck et al., 1993a). Similar mechanisms 
may explain the anecdotal high prevalence o f pan
creatitis in some animal breeds such as miniature 
schnauzers. 

Scorpion stings arc frequent causes of pancreatitis 
in human beings in Trinidad, and experimental 
administration of scorpion venom to dogs also 
induces pancreatitis (Steer and Saluja, 1993). 
Administratio n of cholinesterase inhibitor insec
ticides and cholinergic agonists have also been 
associated with the development of pancreatitis 
(Dressel et al., 1979; Geokas ct al., 1985). 
Pancreatitis and gastrointestinal haemorrhage 
have been repo rted in association with interverte
bral disc disease in dogs, although it is not known 
if this arises:as a direct consequence of spinal cord 
trauma or corticosteroid therapy, or a combina
tion of these factors (Moore and Withrow, 1982). 

• Diagnosis 

History and clinical signs 

Animlls with lcute panereltitis arc usually pre
sented because of depression, anorexia, vomiting 
and, in some cases, diarrhoea. Se\'ere acute d isease 
may be associated with shock and collapse, 
whereas other cases may have a history o f less 
dramatic signs of several weeks duration. Some 
dogs demonstrate abdomim.l pain by assuming a 
' pra)'er' position with the forelimbs outstretched, 
the sternum on the fl oor, and the hindlimbs 
raised. Signs of pain nrc usually, but not always, 
elicited on abdominal palpation. A cranial 
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:abdominal mass is palp:lbtc in some c:&Ses, and 
occ2Sion:l.lly there is mild ;w:ilC:s. Most affected 
:mimals are mildly to modcr.ttdy d('hydl';l.t~ :md 
febrile. Uncommon sy5lcmic complications of 
p;mcrc:atitis th;l.t may be apparent on physicaJ 
examin:uion include j;l.undice. fcspir.uory dis
trC$S, bleeding disorders, and nrdiac arrhythmias. 
Ahhough dogs of any age rn3)' dcvdop pancnati
tis. aff«tw animals OIre usu:ally middle aged or 
older, sometimes obese, and the on~t of signs 
mil)' h;tvc followed ingcslion of a large amount of 
fauy food (H olroyd, 1968; Anderson, 1972; Lees 
et AI., 1978; Sch3.cr. 1979; Garvey and Zlwie, 1984; 
Pidgeon. 1987). The cliniul signs of chronic pan
creatitis arc poorly documented. bUI arc problbly 
extremdy v;u;ablc ;lnd non-specific. 

Radiographic signs 
Radiogr;lphic signs reported with pancre;ltitis 
include: increased density, dim inished contrast and 
gr.l.nularity in the right crani:al :abdomen, displace
ment of the stomach to the leh, widening of the 
:angle between the pyloric antrum and the proxi
mal duodenum, displacement of the descending 
duodenum to the right, presence of a mass medial 
to the descending duodenum, static IOu p:atlern in 
or thickened walls of the descending duodenum, 
static gas p.:utern in o r Qudal displacement of the 
transverse colon, g:astric distension suggestive of 
gastric outlet obstruction, and delayed passage of 
barium through the stomach :and duodenum with 
corrog:uion of the duodenal wall indic:uing 
:abnormal perisulsis. Unfornmuely definit i\'e 
radiographic evidence support ing ;l diagnosis of 
pancreatitis is usually not present, the most com
mon finding being a somewhat subjective loss of 
viscer:al detail ('ground gl:ass :appc:arancc') in the 
anterior abdomen (Suter and Olsson, 1969; Gibbs 
('t al .• 1972; Kleine and Hornbuckle, 1978). 

Ultrasonic imaging is a promising appro:aeh to 
visualization of the dise:lSed p:ancreas. Non
homogeneous m3sses :and loss of echodensity 
h:ave been observed in dogs with cxperimcntal 
pancreuitis, 3nd ult~onography confirmed the 
presence of a complex cystic m:ass in the crani:al 
abdomen of a dog th:at h:ad a pancreatic pseudo
cySt :associated with acute pancreatitis (Nyland et 
III., 1983; Muruugh el al., 1985; Rutgers ('I (II. , 

1985). Similar findings have been reported in cats 
(Simpson el al., 1994). 

Laboratory aids 10 diagnosis 

Lcucoc)·tosis is a common haematological fi nding 
in acute pancreatitis. The packed cell volume rna)' 

be incre.lScd :as a result of dehydration, although 
in some cases anaemia is observed (Schaer, 1979; 
Feldm:an tt al., 1981; Mulv;lny tl III., 1982:Jaeobs 
el al., 1985; Kitchell et al., 1986). 

t\zotaemia is f~qucnt ly present, and usually 
reflt."Cts dehydration. but sometimes there may be 
;lcute renal fai lure secondary 10 hypovolaemia, or 
to other mechanisms such as circulating \'asoto"ic 
agents and plugging of the ~nal microvasculature 
b)' either fa t deposits or mierothrombi from th~ 
sites of disseminated intra\'ascular coagulation 
(Goldstein et al., 1976; Feldman ~I al., 198 1; 
Mul\'any e/ al .• 1982; Jacobs el aI., 1985; Kitchell 
~l aI., 1986). 

Li\'er enz)'lIle activities arc o rten incrC1sed. 
reflecting hepatocellular injury as a result of either 
hepatic ischaemia or exposure of the liver to high 
concentl'ations of toxic products delivered from 
the pancreas in pon:al blood (AndrLejewska tt al., 
1985). In some cases there is marked hyperbili
rubinaemia with clinically apparent icterus, which 
may indicate se\'ere hepatocellular damage and/or 
intrahepatic and extrahepatic Obstruction to bile 
flow. 

Hyperglye:aemia is also common. probably:as a 
resuh of hypcrglucagon:aemia :and stress-rclatt.-d 
increases in the concentrations of catecholamines 
and cort isol. Some affected animals arc d iabetic 
following recO\'el')' from acute episodes of p;ln-

• • ereatltls. 
H )·pocaleaemia has often been reported. but is 

usu:.l. lly mild to moderate and not associ:atro with 
clinical signs of tet:my. The mech:anism leading to 
de\'elopment of hypocalcaemia is not d ear, but 
deposition of e:.l.lciulll as soaps following excessive 
breakdown of fat by released pancreatic lip;1.Se 
is one potential expb.nation (Anderson, 1972; 
Schaer, 1979; Kornegay, 1982). 

H ypercholenerolaemi3 and hypenriglyeerid
aemia arc very conlmon :and hyperlipacmia is 
often grossly ;lpparellt even though food has not 
been ingested for many hours (Anderson, 1972; 
Schaer, 1979). Extreme hyperlip;\emia may pre
vem accurate determination of other serum 
biochemical v:.l. lues. 

Serum concentrations of pancreatic enzymes 
arc usually incrcasro. C linical and experimenu.l 
obSCT'Yations have involved primaril), amylase and 
lipase, but recently phospholipuc A: ;lnd serum 
trypsin-like immunoreacti\'ity have been im'esti
gated (Mia t t al. , 1978; Borgstrom :and Ohlsson, 
1980; Stickle f'1 al .. 1980; Feldman rl 111., 198 1; 
Gcokas f't al., 1981; Mulvany tt 11/.,1982; Wagner 
and Maey, 1982; Wcstermarck and Rimaila
P;;m:inen. 1983; b.quierdo tt al., 1984; Jacobs el 
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IMMUNOLOGICAL 
ASSAY 

ActiWl site 
if< e pendent 

ENZYME ASSAY 

• 

CATALYTIC 
ASSAY 

Figure 38.10 Immunoassays (such as that used to 
assay trypsin-like immunoreactivity) measure the con
centration 01 antigenic determinants on the surlace of 
enzyme molecules and therefore usually detect both 
zymogens and active enzymes. In contrast, catalytic 
assays (SUCh as thOse commonly used to assay amylase 
and lipase) measure substrate degrading activity of the 
enzyme and therefore do not detect inactive zymogen. 
Modified from Williams (1989), p. 1536. 

aI., 1985; Kitchell et ai., 1986; Simpson et al .• 
1989a). Numerous different assay methods for 
these substances exist, includi ng conventional cat
alytic assays and newer highly specific immuno
assays (Fig. 38.10), and it is imponant that an 
appropriate method (or each species be utilized. 

Parallel changes in the concentrations of the 
various enzymes and zymogens have been 
observed in experimental studies, however this is 
not always the case in clinic:tl situations. M:trked 
elevations of one enzyme may be accompanied by 
minimal elevations of another, funhermore, nor
mal enzyme activities may be present in some 
affeaed dogs (Schaer, 1979; Strombeck el al., 
1981; Westermarck and Rimaila-Parnanen, 1983). 
Ie is possible that by the lime some clinical cases 
are investig:Hed, the inflamed pancreas has been 
depleted of enzymes, due to their previous releasc 
into the bloodstream. Similar reasoning may 
explain the lack of correlation belWeen the magni
tude of the increases in enzyme activities and the 
clinically perceived severity of disease and even
tual outcome. 

Incre:tsed concelllralions of circulating pancre
atic enzymes also occur secondary 10 reduced 
clearance from the plasma, as happens in ren:tl 
failure (Polzin el aI., 1983). Since azol:temia is 
common in acute pancreatitis it is sometimes dif
ficult to determine whether increased levels of 
pancreatic enzymes are due 10 pancreatic inflam
mation or renal disease. It is generally believed 
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that increases more than twO to three times above 
the upper limit of normal are unlikely to result 
from renal dysfunction alone, although there are 
exceptions (Wagner and ""Iacy, 1982; Polzin el al., 
1983). 

Amylase and lipase also originate from extra
pancreatic sources, and activities of both enzymes 
may be increased in dogs with hepatic. or neoplas
tic disease in the absence of p:tncrealitis (Blum and 
Linscheer, 1970; Stickle el aI., 1980; Strombeck ct 
al., 1981; Jacobs cl al., 1982). Lipase activity has 
been reponed to be a mo re reli:tble marker for the 
diagnosis o f pancreatitis than that of amylase. 
H owever, dexamethasone administration has 
been shown to increase canine serum lipase activ
ity up to fivefold without histological evidence of 
pancreatitis. although parallel increases in amylase 
activity do not occur (parent, 1982). Moderate 
elevations o f serum lipase in dogs receiving 
dexamethasone should therefore not be taken as 
strong evidence for pancreatitis unless :tmylase is 
also increased. 

Attempts to identify :t pancreas-specific iso
enzyme of canine amylase, as has been possible in 
human beings, h:lVe produced contradictory find 
ings but have failed to identify a pancreas-specific 
isoamylase (Stic kle ec al., 1980; Jacobs cl al., 1982; 
Simpson el al., 1984, 1991 ; Murtaugh :tnd Jacobs, 
1985a; Williams el al., 1986). 

The presence of either trypsin complexed with 
the plasma protease inhibitor a I-protease 
inhibitor (Fig. 38.9) or of trypsinogen activation 
peplides (Fig 38.2) are specific mlrkers for pan 
creatitis, since trypsin and iu activation peptide 
are only rele:tsed into the bloodstream in pancre
atitis. Funhermore, there is evidence that the 
concentratio n of thesc mo lecules correlates with 
the severity and clinical course of the disease 
(Brodrick el al., 1979; Borgslrom and Ohlsson, 
1980; Geokas el al .• 1981, 1982, 1985; Borgstrom 
and Lasson, 1984; Lasson, 1984; Durie et al., 1985; 
Largman el al., 1986; Gudgeon et aI., 1990; 
Fernandez-del Castillo et al., 1992; Schmidt et ai., 
1992; Karanjia el al., 1993). However. technical 
complex ities may limit the clinical application of 
these assays. 

Elevations of scrum amylase and lipase in cats 
with acute pancre:ttitis are less than in dogs, as are 
normal aClivitics o f these enzymes (Suler and 
Olsson, 1969; Duffell, 1975; Owens ec aI., 1975; 
Schaer. 1979; G:trvey and Z:twie. 1984). An exper
imental study demonstrated that whereas serum 
lipase increased significantly in cats after induc
tion of pancreatitis, amylase activity ncver 
increased above normal, and actually decreased 
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significantly d uri ng the course of the discase 
(Kitchell el aI., 1986). 

Clearly there is no widely available ideal test or 
combination o f tests for the diagnosis of acute 
pancreatitis, and in the absence of direct examina
tion of pancreatic tissue, the diagnosis can only be 
tentative. Nonetheless, careful e\'aluation of the 
entire clinical picture will in many instances give 
a high degree of confidence in the presumptive 
diagnosis. If gross or histopathological confirma
tion of the d iagnosis is required, o r the possibility 
of other abdominal disuse is to be eliminated, it is 
important that m ention be given to stabilization 
of fluid and electrolyte status before general 
anaesthesia and su rgical exploration of the 
abdomen. 

• Treatment 

The basis for ther:'lpy of acute pancre:ltitis is main
tenance of flu id and electrolyte balancc while the 
pancrcu is ' rested' by ..... ithholding food , and 
thereby allowed to rccover from the inflamma
tory episode (Lankisch, 1984). If d rug-induced 
pancreatitis is suspected then any incriminated 
agents should be withdrawn and replaced by an 
unrel ated :ahernati"e drug if necessary. Suffi cient 
balanced electro lyte solulion should be given par
enterally to replace fluid deficits and provide 
maintenance requirC' menrs while all oral intake is 
suspended for three o r four days. Mild cases o f 
pancrc:atitis may spontaneously improve after one 
or two days. Other p:atienrs require aggressive 
fluid therapy o\'er scveral days to treat severe 
dehyd ration and ongoing fluid electrolyte loss 
due to vomiting and diarrhoea. Man y animals 
become hypokalaemic during such therapy and 
serum potaSsium should be monito red and sup
plemented as needed by addition of potassium 
chloride to the intravenous fluid s. Serum cre.ati 
nine or blood urea nitrogen should also be 
fo llowed to document resolution of azotaemia. 
Although metabolic acidosis is probably common 
in acute pam;re3.titis, this may not always be the 
c.ase and vomiting patients may bc .al kalotic. Blind 
correction of suspected acid-base abnom);!.iities 
sho uld therefore not be attempted unless docu
mented by appropriate tests. Excessive bicarbo n
ate adminisuation may precipitate signs o f 
hypocalc.1emia in individuals with subclinical 
hypocalcaemia. It is common practice to give 
.antibiotics during this suppo nive period, particu
larl y when toxic changes arc evident in the 
haemogram or when the paticllI is febrile 

(Lankisch, 1984). Trimethoprim-sulphonamide 
combination ther2py is a reasonable choice since 
this combinatio n attains therapeutic levels in 
canine pancreas (Brad ley, 1989). 

If abdominal pain is severe then analgesic ther
apy (pethidine) sho uld be given to provide rel ief. 
H ypcrglyc.aC'mia is often mild and transient, but 
in some cues frank diabetes mellitus may develop 
and require treatment with insulin. Respir.ttory 
distress, neurological problcms, cardiac abno r
malities, bleeding disorders, and acutc renal fai l
ure .arc all poor prognostic signs. Auempts should 
be made to manage these complicatio ns by 
appropriate supportive measu res, but recovery is 
unlikel y un less Ihc undcrlyi ng pancreatitis 
resolves. 

Some affec ted animals do not improve, or con
tinue to deteriorate, in spite of supponive care . 
Recent observations have indicated that in severe 
pancreatitis, there is marked consumption o f 
plasma protease inhibitors as activ.ated pancreatic 
proteases are cleared from the ci rculation, and 
that saturation of available a -macroglobulins is 
rapidly follo wed by acute disseminated intravas
cular coagulatio n, shock and death (Ohlsson et 
al., 1971 ; Borgstrom and Ohlsson, 1980; Geokas 
el al., 1981; L.asson, 1984; McMahon et al., 1984; 
Wendt et at., 1984; Durie et aJ., 1985; Murtaugh 
and Jacobs, 1985b; Largman et al.. 1986). 
Transfusion of plasma or who le blood to replace 
a -macroglobulins may be life-saving in these 
circumstances, and has the additional benefit 
of maintaining plasma albumin concentrations 
(Cuschieri el aI., 1983; Wendt el lz!., 1984). Low
molecular-weight dextrans ha\'e also been used to 
expand plasma volume, but they may aggravate 
bleeding tendencies, contain no protease inhibitor 
and provide no ma jor advant.ages o ver plasma 
administration (Lan ki sch, 1984). 

The usc of corticostcroids in pancreatitis has 
been recommended bec.ause they stabilize Iysoso
m.al membranes, reduce inflam mation and allevi
ate shock, but they have not been shown to be o f 
value in experimental acut C' studies (Auix et al., 
1981). They should be given only on a sho rt-term 
basis to animals in shock, and then in concert with 
fluids and plasma as described above. Lo nger 
periods of administration may impair removal of 
a -macroglobulin-bound prOIC'a5es fro m the 
plasma by the reticuloendothelial system, with 
resultant complications due to reduced enzyme 
clearance (Adham et a/., 1983 ). 

The use of peritoneal dialysis to rcmo\'e toxic 
material accumulated in the peritoneal cavity is 
beneficial experimentally, and is thought by many 
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to be useful in human patients (Lankisch, 1984). 
Although perito ne21 dialysis is imprxtic21 in most 
veterinary hospit;tls, in those patients in Vo,hich 
acute pancre2titis is confirmed ;at exploratory 
l;ap2rol0my, removal of as much free fluid as pos
sible by 2bdo minal lavage is advisable. In some 
cases pancreatitis may be localizl..-d to one lobe of 
the gland, and surgical resection of the affected 
area may be follo wed by complete rccovery 
(Denny and Lucke, 1972; Salisbury cl al., 1988). 

Inhibition o f pancreatic w:retion through 
nasogastric suction of gastric secretions, and by 
the use of drugs such as antacids, cimetidine and 
direct inhibitors of pancreatic secretion such as 
atropine, acetOl2.olamide, glucagon, calcito nin and 
somatostatin or its analogues h;ave abo not yet 
been proved 10 be more effective than simply 
withholding food and water (Anix el ai., 1981 ; 
Lankisch, 1984). Administration of a variety o f 
naturally occurring and synthetic enzyme 
inhibitors with selective actions against indi\·idual 
pancreatic digestive enzymes has shown promise 
in experimental studies, but their value remains 10 

be demonstrated in elinieal trials (Balldin and 
Ohlsson, 1979; BaUdin cl al., 1984; unkisch. 
1984; Hennon-Taylor and Heywood, 1985). 

One to tWO days after cessation of vomiting, 
small amo unts of water should be offered, and if 
there is no recurrence of clinical signs. food may 
be gradually re-introduced. The diet should have 
a high carbohydrate content (rice, pasta, potatoes) 
since protein and rat are more potent stimulants 
of pancreatic secretion. If there is continued 
improvement, gradual introduction of a low-fat 
maintenance diet should be attempted. Ano ther 
period of food deprivation should be insti tuted if 
signs of panc~atitis recur (pidgeon, 1987). 

In many patients a single episode of p.1ncre.lIitls 
occurs, and all that is necessary in the way of 
long-term therapy is to avoid feeding meals with 
an excessively high fat content. In other patients 
repeated boun o f pancreatitis occur and it may be 
benefici:d to feed a moderately or severely fat
restricted diet permanently. In spite of this. some 
animals experience recUrTent disease (Pidgeon. 
1987). 

Oral pancreatic enzyme supplements ha\'c been 
shown to decrease the pain that accompanies 
chronic pancrcatltls in human beings. prob3bly 
by feedback inhibition o f endogenous pancre.uic 
enzyme secretion (Slaff ct al., 1984). It is not 
known if they arc of similar value in dogs or cats, 
but in individuals with chronic or recurrent signs 
attributed to pancreatitis a trial period o f enzyme 
therapy may ~ warranted. 
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• Prognosis 

Pancreati tis is an unpredicuble disease o f widely 
varying severity, and it is difficult to gi\'e a prog
nosis even when a diagnosis is definitively estab
lished. Acute fulminating pancreatitis may be fa tal 
despite early and :Ioggressivc suppo rt ive measures, 
but some dogs recover fu lly after :1.0 isolated 
severe episode. In other C:loses, relatively mild or 
moderate chronic o r recurrent pancreatitis per
sists despite all theupy, and either the patient d ies 
in an acute severe exacerbation of the disease, or is 
euthanatized bea.use of failure to recover and the 
expense of long-term supportive care. 

I EXOCRINE PANCREATIC 
INSUFFICIENCY 

Progressive loss of exocrine pancreatic acinar cells 
ultim:lotely leads to fai lure of nutrient absorptio n 
due to inadequate production of d igestive 
enzymes. The funct ional reserve of the pancreas is 
consideuble, howe\'er, and signs of exocrine pan
creatic insuffi ciency (EPI) do not occur unt il a 
large proportion of the gland has been destroyed . 

The most com mon cause of EPI in the dog is 
pancreatic acinar atrophy (PAA). Pancreatic 
insufficiency is caused less commonly by chronic 
pancreatitis, :Iond rarely by pancreatic neoplasia 
(H ill. 1972; Pfister f! t al., 1980; Rimaila-Piirninen 
and Westerm.1rck, 1982; Bright. 1985). Although 
no t yet documented, it is likely that congenital 
abnormalities o f canine panc~atic exocrine fu nc
tion such :as pancreatic hypoplasia, isolated den 
ciencies of individual pancreatic enzymes. and 
deficiency o f cnteropcptidase also occur Oubb et 
ai., 1985; Lerner and Lebenthal, 1993). 

• Ae ll ology 

Pancreatic acln" , trophy 
Atrophy o f the acinar cells o f the pancreas in the 
absence of a pro nounced inflammatory response 
may occur in a v.1rie ty of experimenul circum
st;tnces. Spontaneous development of severe PAA 
in previously healthy adult animals appears to be 
uniquely common in the dog, although reports 
indiC.1te that similar conditions occur sporadic:lol ly 
in other species (H uholt, 1972; Balk et ai., 1975; 
Eppig and Leiter, 1977; Port et aI., 1981). 

The underlying cause of canine P AA is 
unknown. but numerous nutritional denciencies 
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such as amino acid imhab.ncr and copp~r defi 
ciency in the ut, and protcin-nloric malnutrition 
in humans. C:lUSt' atrophy of exocrine tissue 
(Barbczat and liansen, 1%8; lc\'cnson ct al., 
1971; Fell f't al .• 1982; Mizunuma CI al., 1984; 
Grokas f't al .• 1985). O ther possible :lctiologies 
include: (1) plncrc:uic duct obnnlctioll, (2) pri
mary congenital abnormalities of the pancreas; (3) 
loxicosis; (4) ischaemia: (5) vinl infection; (6) 
immunc-mtdi,Uoo disc~ 2nd (7) dcft"Ctivc secre
tory and/or trophic stimuli. b UI there is no evi
dence to support the role of any of these in the 
pathogenesis of Ill1ur.ally occurring c:tnine PAA 
(Van Kruiningcn. 1982). Although PAA may 
occur;u any age in a wide varicl), of breeds, a high 
prevalence in Ihe young Germln shepherd dog is 
recogni7.Cd (Anderson and Low, 1965; Hill el al., 
1971; Slteri , 1975; Weber and Freudiger, 1977; 
Wcstermlrck, 1980: Van Kruiningen, 1982; Hall 
el al., 1991). In\'esligllions of fl mily histories 
have suggested that prwisposilion to develop
ment of the disease is inheritW in an autosomll 
r«essive fashion in this breed (Weber and 
Freud iger. 1977; Westermarck. 1980). 

The pancreatic atrophy of C BAI] mice is the 
only n:uurally occu rring disorder du.t r"embles 
canine PAA (Eppig and Leiter. 1977). 
Morphological study of pancreu from aff«ted 
mice has implic:ued desl:I.bilization of zymogcn 
granui" as one of Ihe e.arliest ultraslructural 
abnonn.alilies. whereas biochemial slOdiu indi
cate thai prematlJ re aCliy;uion of Irypsinogen and 
chymolrypsinogen occurs within the zymogen 
granules. wilh subsequelll mild inflammatory cell 
infiltration (Eppig and uiler, 1977; Leiler and 
Cunliff-BeJ.mer.1977). 

Chronic panc",lIl1s 

Although chronic pancreatitis is a common cause 
of EPI in humans. it appears to be uncommon in 
dogs (Anderson and Low. 1965; H il l et ,,/.,1971; 
Rimaila-Pi rni ncn and Weslcrmarck, 1982). Therc 
;l,re no well -documented reports of dogs wilh 
either chronic relapsing pallcreatilis or severe 
aCUIe pancre:uitis resulling in EPI, but those ani
mals widl EPI and cQCxistent di;l,beles mellitus 
probably fall into this category. A similar combi
nalion of elinic.al sigm is seell in association wilh 
chronic pancreatitis in humans, in COIIU-Ut 10 

PAA in which endocrine . i"uc is sp.ared 
(Andriulli N al., 1981; Grendcll and Cello, 1983). 
Exocrine pancreatic il15ufficiency is much less 
commonl)· diagnosed in cals. C hronic pancn:atitis 
hls been the underlying cJ.use in most reported 

cues (Holzworth 3nd Coffin. 1953; And ... rson 
J.nd Stn(uss, 197 1; Watson l't ,.1 .• 1981: Hoskins rt 
al.. 1982). 

Miscellaneous cauSf1S 01 EPI 

In chi ldren, cystic fibrosis and congenital 
hypopluia (Schwlchmln syndrome) J.re common 
causes of EPI. Less common CJ.U~S incl ude con
geniu.l defi ciencies of individual pancreatic diges
ti,'e enzymes or of inteninal enteropeptidJ.Se, but 
none of these ha,'e been described in dogs or cats. 
Occasionally young dogs arc seen that have signs 
of EPI and perhaps diabetes mellilUS from a very 
early age, and congenital plncrealic hypoplasia or 
aplas iJ. may be the underlying causes Oubb et al .• 
1985; SOJ. ri et al., 1994 ). 

EPI h:'ls been reponed as ;l, complication of 
proximal duodenal , ... seetion and cholccyslO
duodenoslomy in calS, a fi nding which probably 
refleels the absence of du:tl pancreJ.tic duclS in this 
species such that damage to the m:ljor duodenal 
papilla blocks pancreatic s«relion (f :tngner ct al .• 
1982). 

• Pathophyslotogy 

Nutriem mJ.labsorption in canine EP I prob:lbly 
dOc.'s not arise solely as a consequence of failure of 
intraluminal digestion. Morphological changes in 
the sm:tll intCSline of dogs with EPI have occa
sionally been repon ed, and studies of naturally 
occurring and experimental EI>I in scveral speeies 
hne reveJ.lcd abnormal aCliyilies of mucos.tl 
enzymes. Impaired function u indicaled by 
abnormal lransport of sug;ars, amino acids and 
fallY acids has also been documented. 111e cause 
of this mucoul pJ. thology is unknown, but Ihe 
absence of the trophic influencc of pancrenic 
secretions, bacteriJ.1 overgrowth in Ihe small 
imeSline, 3nd endocrine and nutrilional factors 
n13.)' all be contributory (Will iams. 1989). 

Sm,lIlnlestin,/ mucosa 

Exocrine pancreJ. tic insufficienc), is aS5QCiJ.ted 
with increued activities of jejunal brush border 
maltase and sucrase (Arvaniukis and O lsen, 1974; 
Bait rt al., 1979; Simpson et "I., 19891.'.). These 
increased activities have been lttributed to 
reduced degradation of exposed brush border 
proteins due 10 decreased pancreJ. tic proteue 
activit), within the gut lumen (Fig. 38.1 1) 
(Arvanitakis ;l,nd O lsen, 1974). an explanation 
supported by the normalization of these enzyme 
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SYNTHESIS 
LUMEN CYTOPLASM 

Flgure38.11 Factors influencing 
activities 01 jejunal brush border 
enzymes. The importance of 
degradation by intraluminal pro
teases depends at least in part on 
the location of the enzyme in the 
membrane, and hence its sus· 
ceptibll ity to proteolytic attack. 
Modified from Alpers and 
Seetharam (1977). ----
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activities in response to treatment with pancrcatic 
enzymes (Kwong et al., 1978; Williams rt al., 
1985a). The abnormal accumulation of these 
enzymes and perhaps other proteins o n the sur
face of the brush border mcmbrane may interfere 
with normal absorption. 

The activity o f alkaline phosphatase, an enzyme 
relatively resistant to degradation by intraluminal 
proteases, is decreased in dogs with EPI, as is 
jejunal protein synthesis. Bo th prolein synthesis 
and alkaline phosphatase activity normalize after 
treatment (Batt et al., 1979; Kenny and Maroux, 
1982; Williams et al., 1985a). The mechanism for 
the deJect in protein synthesis is not known, but 
several factors may contribute including malnu 
trition and intraluminal or humoral fac tors. 
Pancreatic secretions and the products of diges
tion exert a trophic effect on the small intestine, an 
effect clearly absent or diminished in untreated 
dogs. Insulinopenia, present in untreated animals. 
may be an additional facto r since insulin has a 
stimulatory effect on DNA synthesis in the 
gutrointestinal tract. 

Small Intestinal mlcro"ora 

Bacterial overg\"owth (>1 x 101 organisms ml-I 

duodenal juice) is common in dogs with EPI. 
C hanges in the intestinal microflo ra may arise 
secondary to 1055 of the antibacterial propenies of 
pancreatic juice, o r as a consequence of as yet 
undefined abnonnalities o f intestinal immunity or 
motility. Achlorhydria, a factor predisposing to 

development of bacterial O\'ergrowth, has been 
commonly repon ed in human patients wi th 

RER 

chronic disease o f the exocrine pancreas, but has 
been shown not to occur in canine EPI (Williams 
ct al., 1987). 

The pathological changes associated with bacte
rial overgro wth depend on the type o f bacteria 
invo lved. In those dogs with increases in aerobic 
and facultative anaerobic bacteria, changes in the 
activities of brush border enzymes arc similar to 
those observed in dogs with EP I that do not have 
bacterial overgrowth. In contras t, when the over
growth includes obligate anaerobic bactcria there 
is o ften an associated decrease in many enzyme 
acti"ities, and in some cues. part ial villous 
atrophy. These findings are consistent with the 
known ability of some strains of obligate anaero
bic bacteria to produce enzymes that release or 
destroy exposed brush border enzymes. E,'en 
when bacterial overgrowth does not include large 
numbers of obligate anaerobes. the abnormal 
microflora may be of clinical significance since 
bacteria may indirectly impair absorption by 
competing for nurrients and by changing intra
luminal faclOrs such ;u the concentration of 
conjugated bile salts (Williams et al., 1987). 

Pancreatic regulatory p,ptldlS 

H istopathological examination of pancreas from 
dogs with PAA reveals almost total atrophy of 
lcinar tissue. but plentiful, disorganized islet tis
sue, accompanied by numerous ganglia and patent 
exocrine ducts. Immunohistochemical staining 
shows many insulin-, glucago n-. somatostatin
and pancreatic polypeptide-immunoreactive cells 
scattered haphazardly throughout residual islet 
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tissue. This differs from the more o rganized 
arr;angement of cells in normal canine pancreas, in 
which a central core of insulin- and scattered 
somatostat in-immunoreactive cells is surrounded 
by a halo of glucagon- (left lobe) or pancreatic 
polypeptidt·- (right lobe), immunore;activc cells. 

Disturb;ancc of the morphological relationships 
between islet cells may impair intra-islet and/or 
ent ero-islet homeostatic mechanisms and might 
account for subnormal basal plasma insulin con
cent rations in dogs with PAA. The aetiology of 
these neuronal regul;atory peptide ;abnormalities is 
unknown. though perhaps they arise as a resul t of 
neuronal overgrowth in response to loss of target 
tissue (Vaillant 1'1 al. , 1983, 1984; Orci, 1984). 

Glucose Intolerance 
In dogs with EPI secondary 10 pancreatitis there 
ml\y be frank dillbet ~'S mellitus due to islet cell 
destruction. Oral;and intra\'enous glucose tolerance 
are also abnormal in untreated dogs with PAA, 
although diabetes mellitus has nO! been reported 
in these dogs (Hill and Kidder, 1972; GfC\'e and 
Anderson, 1973; W' illiams and Batt, 1986). 

The 'incretin' effect is reduced in dogs with 
experimenul pancreatic atrophy. ' Incretin' refers 
to insulinotrophic facto rs released from the gUt 
which are responsible for the augmentation of 
insulin secrl'tion in response to orally adminis
tered glucose compared [0 that stimulated by the 
same dosage of intravenously administered glu
cose. Gastric inhibitor)' polypeptide (G IP) is 
probably an important facto r comributing to 
'incrctin ' :lctivi!), and feeding docs not stimu13te 
G IP releasc from the small bowel o f dogs with 
PAA unless pancrcatic enzymes :Ire addtd to the 
food. Thc failurc of GIP secrction appcars 10 arise 
because products o f d igestion (glucosc, amino 
acids, fatty acids) arc the stimuli for G IP release 
ralher Ihan (hc act of feeding or thc undigcsted 
constituents of food. itself (Rogers ct al., 1983). 
Intra\'enOUS glucose tolcrance in untreated dogs 
with PAA is associated with subnormal resting 
:tnd stimulatcd insulin concentrat ions. Treatmcnt 
of PAA is followed by no rmalization of intra
vcnous glucose tolcrance, although basal plasma 
insulin concentrations rcmain subnormal 
(Williams and Ban, 1986). 

It is probablc that the abnormalities in glucose 
homeostasis arc related at least in part to meta
bolic changes associated with the catabolic State of 
many untre:lted dogs with EPI. Withholding food 
from dogs for a period. o f 2 weeks produces a 
decrease in circulating insul in concentrations. 

Such lowcr insulin Ic\'cls faci litate enhanced lipol
ysis increasing the concentrations of plasma frce 
fauy acids a\'ai13ble as an encrgy source (de 
Bruij ne et ai., 198 1). 

Nutritional status 

Many dogs with EPI have becn suffering from 
malabsorption for a considerable period of time 
before a diagnosis is Imide. Long-term protein 
caloric malnutri tion results in al tered circulating 
concentrations of insulin and other hormones 
comributing to changes in glucose homeostasis 
:tnd intestinal mucosal function. Severe protein
calorie malnutri tion may impair mucos:tl protein 
synthesis as well as normal immune response, 
which may in turn contribu te to the develop
ment o f changes in the intestinal micro flor:l. 
Furthermorc, malnutri tion has becn shown to 
impair the capacit}' to maintain protective 
mucosal mucin content, and accelerates thc devel
opmcnt of brush border cnzyme deficicnc), in 
intral umi nal b:tcterial ovcrgrowth (S:tlaur de 
Sousa, 1984; Shcrman el aI., 1985a,b). 

Absorption of trace elements in EPI m:ly be 
promotcd or inhibited, howevcr preliminary 
in\·cstigations havc not rcvcalcd an)' trace clemelll 
dcficiencics in dogs with EPI, though only serum 
coppcr and :r.inc levels have becn assessed 
(Williams, 1985). 

Mild to severe decreascs in Serum cobalamin 
levels havc been observcd in dogs and cats with 
EPI (Batt and Morgan, 1982). The mech;mism for 
malabsorption of cobalamin in cani ne EPI is not 
known, but overgrowth of cobalamin-binding 
bacteri:t in the proximal sm:tll bowel may be 
responsible. In add ition, deficicnc), of pancreatic 
proteases rna)' prevent the normal release of 
cobalamin from salivary and/ or gastric R pro
teins. These proteins bi nd ingested cobalami n in 
the stomach, where the low pH pre\'ents bind ing 
to gastric intrinsic fac tor, and subsequent dcgra
dation in thc proximal small bowel by pancreatic 
proteases is an important facto r in the successful 
transfer of cobalamin from R proteins to intrinsic 
factor. A deficiency intrinsic facto r in canine 
pancreatic juice may also directly contribute to 
cobalamin malabsorption in EPI (Simpson el al., 
1989b; Batt et al., 1989; Fyfe, 1993). 

Serum conccntrations often do not normalize 
aft er otherwise effective treatment (Williams, 
1993). Cobalamin is esscnti:tl for DNA sy nthcsis 
and se\'erdy subnormal scrum cobalamin concen
trations may advcrsely affect the normal prolifer
ation of crypt cdls in the intestinal mucosa, and 
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hence thc s~cifi c activitics of jejunal mucosal 
enzymes. It is, therefore, possible that persistent 
cobalamin deficiency may be a contribu tory fac
tor in those cases where response to tre.nment is 
suboptimal. 

Serum folate concentrations may be incre3sed 
in dogs with EPI, both before and after treatment. 
These high serum folate levels may reflect over
growth of bacteria in the small intestine, since 
intraluminal bacteria commonly synthesize and 
release folate. The elevations of serum folau~ 
associated with canine EPI are prob;!bly of little 
function;!1 significance (B3tt and Morg3n, t 982; 
Williams et al., 1987). 

Fat malabsorption, which may be exacerbated 
by bacterial overgrowth, rcsuhs in m3labSQrpiion 
of fat-soluble vitamins. Serum tocopherol (vi la
min E) concenu ;nions are often severely subnor
mal in canine EPI, and they do not increase in 
response to treatment, perhaps because treatment 
does not completely normalize fat absorption, or 
perhaps because intraluminal b:merial over
growth ~rsists (Williams. 1985). 

Tocopherol deficiency decreases the prolifera
tive rcsponse of canine lymphocytes to mitogenic 
stimulants and if this reflects an in vivo defect in 
immune function, tocopherol deficiency may be 
an additional factor predisposing to overgrowth 
of intestinal bacteria in dogs with EPI 
(Langweiler et al., 1981). Tocopherol deficiency 
may cause pathological changes in smoOlh mus
cle, ccntral nervous system, skeletal muscle and 
retina, al though such ch~ges have not yet been 
documented in dogs with chronic EPI. 

Subnormal serum concentrations of vitamin A 
ha\'e alSQ bcen observed in dogs with EPI, but no 
associated signs of deficiency were reported 
(Coffin and Thordal-Christensen, 1953). Vitamin 
K-responsive coagulopathy arises occasionally in 
patients with EPI (Perry et aI., 1991). 

• Diagnosis 

History Bnd clinical slDOS 

Animals with EPI usually have a history of weight 
loss in the face of a normal or increased appetite, 
Polyphagia is often severe, bUl this is by no means 
always the case and some dogs may even have 
periods of inappetence. Coprophagia and pica are 
also common. Water intake may also increase in 
some dogs, and in chronic pancreatitis there may 
be polyuria and polydipsia due to diabetes melli
tus (Raiha and Wcstermarck, 1989). 
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Diarrhoea often accompanies EPI, but can be 
very \'ariable in character. MoS[ owners rcport 
frequent passage of large volumes of semiformed 
faeces, although some dogs have intermittent or 
continuous watery diarrhoea, and in other 
instances diarrhoea is infrequent and is not con
sidered a problem. Diarrhoea generally improves 
or resolves in response to fasting. Introduction of 
a low fat diet may also decrease or eliminate diar
rhoea. There rna)' be a history of vomiting. and 
commonly there is marked borborygmis and flat 
ulence. Owners sometimes believe that the dog 
suffers from episodes of abdominal discomfon 
(Raiha and Wcstermarck, 1989). 

In some dogs there has been a protracted history 
of gastrointestinal disturbances before the final 
diagnosis of EPI, the significance of which is not 
del r, but which may merely represent initial failure 
to diagnose EPI. Appropriate tcsting early in the 
course of the disease before the 'classic signs' have 
appeared will allow the diagnosis to be made before 
severe deterioration of body condition occurs. 

Pancreatic acinar atrophy is very prevalent in 
young German shepherd dogs, thus EPI is often 
initially suspected because of the age and breed of 
the affected dog. It must be emphasized, however. 
that even in young German shepherd clogs small 
intestinal disease is more prevalent than EPI, and 
that PAA may occur in a wide variety of breeds :11 
any age. Chronic pancreatitis is probably more 
common in older dogs, but the true prevalence of 
EPI due 10 chronic pancre:llitis is not known. 

Mild to m:uked weight loss is usually seen in 
association with EPI. In extreme cases dogs may 
be physically weak owing to loss of muscle mass. 
The hair coat is ohen in poor condition and there 
may bea foul odour due to 50iling of the coat with 
fatty faecal material or passage of excessive flatus. 

Laboratory aids to diagnDsis 

The history and clinical signs of EPI are non· 
specific. vary in severity. and do not distinguish 
the condition from other causes of malabsorption. 
Ahhough replacement therapy with oral pancre
atic enl'.y mes is generally successful, response to 
treatment is not a reliable diagnostic approach. 
Not all dogs with EPI respond 10 treatment. and 
dogs with self-limiting small intestinal disease 
might improve spontaneously, giving the fa lse 
impression of responding to enzyme supplemen
tation. Furthermore, veterinarians often advise a 
change in diet when treating dogs with EPI, and 
this in itself can lead to clinical improvement in 
some with small inteslinal diseases. 
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[n dogs with PAA, atrophy of the pancreas 
is read il), observed on gross inspttlion at 
exploratory bparoto rn y o r [aparoseopy. although 
in dogs with chronic pancreatitis it may be impos· 
sible 10 gauge accurately the amoulll of residual 
exocrine pancreatic tissue because of severe 
adhesions and fibrosis. These procedures im'o[ve 
unnecessary anaesthetic and surgical risks and 
therdore cannot be recommended as a means of 
diagnosing EP I. 

Routine b boratory test resul ts arc generally not 
helpful in establishing a d iagnosis of EPI. Serum 
alanine amino transferase is often mildly 10 mod· 
er:ucly increased and may reflect hepatocyte dam· 
age secondary to increased uptake of hepatotoll:ic 
substances through an abnormally permeable 
small intestinal mucosa. O ther rourine serum bio· 
chemical test results arc unremarkable, except that 
tou.[ lipid, cholesterol and pol yunsalUrated fa lty 
acid concent rations aTe often reduced . Mild Iym· 
phopenia and eosi nophilia arc occasionally seen in 
dogs with EPI, but complete blood count results 
arc usually within normal limits, and major 
abnormalities sho uld be perused as evidence of 
addi tjonal or alternnive underlying disorders 
(H ill. 1972; Sateri, 1975; Van Kruiningen, 1982). 

Many speci nc laboratory tens have been 
described for the diagnosis of EPI, including 
examination of faeces for undigested food pani · 
cles :md/or steatorrhoea, assessment of post· 
pr:mdial plasma turbidity with and without the 
addition of pancreatic cnzyml..'S to the food, and 
evaluation of blood glucose conccntration follow· 
ing the oral administration of st"arch. The sensitiv· 
ities and spl..'Cincitics of these testS arc highly 
qucstionable. and none ha\'(' been shown to reli
ably distinguish dogs with small intestinal disease 
(rom those with EPI. T he most reliable tests 
currently available include asuy of serum 
trypsin-like immunoreactivity (fU), assay of 
faecal proteolytic activit), usi ng a casein-based 
substrate, and the bemiromide (N·benzoyl·L· 
!yrosyl·p·aminobenzoic acid o r BT· PABA) 
absorption test (Williams and Bm, 1988). 

Serum trypsin-like Immunoreactivity 

Trypsinogen is sYnihesized exclusi\·ely by the 
pancreas and measurement of the serum concen· 
tration of this zymogen by radioi mmunoassay 
(Canine TLl Assay Kit, Diagnostic Products 
Corporation, 5700 West 96th St reet, Los Angeles, 
CA 90045) pro\' ides a good indirect index of pan· 
creatic function, This immunoassay dett."<: ts both 
trypsinogen and trypsin, hence the use of the term 

trypsin-like immunoreactivi ty n'U ) to describe 
the total concentration o f thcse twO immunoreac· 
ti,'e elcments. Radioimmunoassay! for trypsin arc 
species specinc, and assays for human TU do not 
detect canine 'I'll. Measurement of serum TU is 
much simpler than most of the other tcsts for EPI 
in that analysis of just a single serum sample 
obtained after food has been withheld for sever:t l 
hou rs is all that is required . Serum "I'll is quite 
stable under normal cond it ions and samples call 
therefore be mailed to an appropriate laboratory. 
Administration of oral pancreatic ell:tracIs docs not 
affttt serum TLI concentration in ei ther normal 
dogs or dogs with EPI (Wi lliams and Batt, 1988). 

Measurement of serum TLl has been shown to 
be a highly sensi!i,'e and specinc test for the diag. 
nosis of canine EPI. Serum T Ll concentrations 
arc dramatically reduced in dogs with EPI 
whereas TLl concentrations in dogs with small 
intestinal disease arc not signi ncantly different 
from normal (Fig. 38. 12). 
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Figure 38.12 Serum Irypsin·like immunoreactivity in 
100 heallhy dogs, 50 dogs wilh small inleslinal disease 
and 25 dogs wilh exocrine pancreal ic insufficiency. 
Reprocluced from Williams and Batt (1988), with 
permission. 
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It can be predicted that serum TLI concentra
tions will be normal in those cases where EPI is 
due to rumo urs obstructing [he pancreatic ducts, 
or to congeni!.al deficiencies of enzymes other 
than trypsinogen. A very small proportion of 
samples submitted to the author's laboratory for 
analysis have subnormal serum TLI concentra
tions (5.0 mg 1-') that arc greater than those 
observed in dogs with EPI (2.5 mg 1-'). In such 
cases, subsequent retesting usually reveals serum 
TLI concentrations thai are either d early consis
tent with EPI or normal. Failure to withhold food 
before blood n.mpling or recovery of pancreatic 
function fo llowing an episode of pancreatitis may 
explain these 'grey zone' results. A few dogs have 
consistent equivocal serum TLI concentrations, 
but these individuals rarely appear 10 benefit from 
enzyme thenpy. It is likely that they have some 
reduction of pancre;nic secretory capacity that is 
not sufficie nt to cause clinical signs. 

Serum amylase, isoamylases, lipase and phos
pholipase Al aeti\·ities are generally normal o r 
only slightly reduced in EPI. Non-pancreatic 
sources of these enzymes are present in dogs and 
although their activities may increase in infl am
matory disease of the pancreas, unlike trypsino
gen they do not decrease propo rtionately as the 
mass of functional exocrine pancreatic tissue 
declines (Simpson ct at.. 1991 ). 

B.nllromid. absorpllon IISI 

Chymotrypsin activity in the proximal small 
intestine may be assayed in vivo by the oral 
administration of the synthetic substrate bemiro
mide (N-benzoyl-l-tyrosyl-p-aminobenzoic acid 
orBT-PABA). Free PABA is released from this 
substrate by chymotrypsin, absorbed from the 
gut lumen, and subsequently excreted in the 
urine. Absorption may be assessed by measuring 
PABA in either plasma o r urine. The rdatively 
high cost o f the substrate, the requirement fo r 
either multiple blood sampling o r collection of 
urine in a metabolism cage, and the technical 
expertise required fo~ rhe PABA assay have 
largely restricted its use to referral practices and 
institutions. Moreover, there is overlap between 
the results from dogs with EPI and thosc with 
small intestinal disease (Fig. J8.))). Test results 
in healthy cats vary considel'2bly, but a dearly 
abnormal result was obtained in one cat with EPI 
(Sherding et al., 1982; H awkins el al., 1986; Perry 
et al. , 1991). 

An advantage of the bentiromide absorption 
test over the serum TLI usay is that il should 

'" .. 
.. 

'" 

.. 
o 

EXOCRINE PANCREATIC INSUFFICIENCY I 515 

: 
• 
• 

• • • .. .. 
• • • 

'y' 
• 

• ------------------------------
• • y 

• 

• 

I 
• 
• 
• 

ElIOCfine 
pancreatic 

insufIiciency 

f igure 38.13 Peak plasma p-aminooenzoic acid (PABA) 
concentration after combined bentiromide/xylose 
absorption testing of 35 dogs with small intestinal dis
ease and 22 dogs with exocrine pancreatic insufficiency. 
The dashed line indicates the lower limit 01 the range 01 
peak plasma PABA values in healthy dogs. Reproduced 
from Williams and Batt (1988). with permission. 

detect EPI in those cases caused by obstruction to 
the flow of pancreatic juice; in these animals 
release of trypsinogen into the blood, and hence 
the concentration ofTLI, may not be abnormal. 

Faecal proteolytiC activity 

Faecal proteolytic activity has been used as an 
index of pancreatic enzyme activity fo r many 
years, but the reliability of the test varies widely 
depending on the assay method employed. The 
widely used X-ray fi lm digestion test is unreliable. 
.and gives many false nc,:;ative and false posi tive 
results. Proteolytic activity can be measured more 
prttisely using protein substrates such as casein. 
Faecal proteolytic activity as assessed by such 
methods is consistently low in most dogs with 
EPI, but because dogs with normal pancreatic 
func tion occasionally pass faeces with low prote
olytic activity, a minimum of three faeca l samples 
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must be tested. Some dogs willI EPI have normal 
bee:.1 proteolytic ani\' iIY 3S assessed by this 
assay, but this is rare (Fig. 38. 14). This ty pe of test 
is suitable for usc in the cat, but similar caution 
should be exercised in the inlcrpretation of rtsulu 
since healthy cats may :llso pass faeces with negli
gible prmcolytic activity (Strombeck, 1978; 
Hill, 1972; Wcstcrnmck and Sandholm, 1980; 
Westcrmarck, 1982; Canfi eld er al., 1983; 
Williams and Reed, 1990; Williams et al.. 1990). 

lUI 

'00 

• 

o ~----~~-----c 
Small Emerine 

intestinal pancreatic 
disease insurrltierq 

FIgure 38.14 Faecal proteolytic activity determined by 
azocasein assay 01 3 day collections from 34 dogs with 
small intestinal disease and 22 dogs whh exocrine pan
creatic insufficiency. The dashed line indicates the lower 
limit 01 the range 01 values in healthy dogs. Reproduced 
from Will iams and Ball (1988). with permission. 

• Treatment 

Enzyme replacement 

Most dogs with EPI can be successfully managed 
by supplementing each meal with pancreatic 
enzymes from ox or pig pancreas. This can be 
accomplished using commercially a\'ailable dried 

pancreatic extracts. Numerous formulations of 
these extracts are available (ublelS, capsules, 
powders, granules) and their enzyme content and 
bioavailability varies widely (Niessen et a/., 1983). 
The addition of two teaspoons of powdered non
enteric-coated preparation with each meal per 
20 kg of body weight is generally an eHe<:tive start
ing dose. This can be mixed with a maiTllenance 
dog food immediately before feeding. Two meals 
a day are usually sufficient to promote weight gain. 
D ogs will generally gain 0.5-1.0 kg per weck, and 
diarrhoea will resolvc within 4-5 days. In some 
caseS the rcduction in frequency of defecatio n is 
dramatic, and other signs such as coprophagia and 
polyphagia often disappear within a few days. As 
soon as clinical improvemeTll is apparent o wners 
c.an d"lermine a minimum effective dose of enzyme 
supplement that prevents rcturn of clinical signs. 
This varies slighdy between batches of extract, and 
also from dog todog. Most affected animals require 
at least one teaspoonful of enzyme supplement per 
me.a l. One meal per day is sufficient in some dogs, 
whereas others continue to req uire two. 
ConuTlercial dried pancreatic extr.aclS arc expen
sive .and when .available, substitution o f 3-4 o unces 
(7S-100 g) per 20 kg of body weight of chopped 
raw o x or pig pancreas obtained from animals cer
tified as healthy following appropri:ate post
mortem inspection is a more economical 
alternative. Pancreas can be stored frozcn at-20g C 
for at least 3 months and enzyme activity will be 
adequ:ltc:ly maimuined . 

Measures to increase the effectiveness 01 
enzyme supplemental/on 

Only a small proportion o f the or:ll dose of each 
enzyme is delivered functio nally intact to the 
small intestine. Pancreatic lipase is rapidly inacti
vated at the acid pH encountered in the stomach, 
whereas trypsin and other pancreatic proteases, 
although relatively acid resistant, are susceptible 
to degradation by gastric pepsins. In human 
beings with EPI, as much as 90% of ingested 
lipase and 80% of ingcsted trypsin are inactivated 
before delivery to the jejunum (Dimagno, 1979). 
In view of the expense of pancreatic enzyme 
preparations, atlemplS ha"e been made to increase 
the effectiveness o f enzyme supplementation. 
These include use of enteric-coated prcpar:ltions, 
neutralizatio n or inhibition of secretion o f ganric 
acid, preincubation of enzyml'S with food prior to 
feeding, and supplementation with bile sailS. 

Enteric-coated preparations have been formu
lated in an attempl 10 protect orally adminiSlcred 
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enzymes from gastric acid. In srudies in humans 
these preparations have generally proved to be no 
more effective than non-enteric-coated extracts. 
In the author's experience enteric-coated prepara
tions have been either ineffC(;tive or less cffC(;ti"e 
than powdered pancreatic extract in tre:lting dogs 
with EPI. Uncrushed pancreatic enzyme tablets 
are also ineffective whereas the same formulation 
was effective when crushed before feeding. In 
those few dogs with suboptimal weight gain in 
response to pancreatic enzymes alone the author 
has found no advantage in increasing the dose of 
enzymes above twO teaspoonfuls per meal. 

Gastric acid secretion may be reduccd by 
administration of the hiSf;lmine type 2 receplOr 
antagonist cimetidine. When given at a dosage of 
]00 mgl20 kg body weight with oral pancreatic 
enzymes to dogs with ligated pancreatic ducts, this 
drug docs improve fat absorption, but docs not 
decn~ase faecal wet or dry weight (Pidgeon and 
Strombeck, 1982). The routine usc of cimetidine in 
the treatment of EPI is not rccommended given the 
expense of the drug and the fact thal so many dogs 
respond well to enzymes alone. Moreover, the 
drug has not proved benc6cial in those dogs who 
do not respond optimaJty to enzymes alone. The 
use of oral antacids (sodium bicarbonatc, alu
minium and magnesium hydroxide) to decrease 
intra gastric lipase destruction docs not increase the 
effectiveness of enzyme therapy in experimental 
EPI (Pidgeon and Strombeck, 1982). Indeed, 
although anucids may increase the quantity of 
orally administered pancreatic lipase reaching the 
small intestine, lingual andlor gastric lipase activ
ity, which probably accounts for the considerable 
residual fat absorption in dogs with EPI, may be 
inhibited since an acid pH is oplimal for intra
gastric lipolysis (Abrams tl ai., 1984). 

Preincubation of food with enzyme powder for 
30 min before feeding does not improve the effec
tiveness of oral enzyme treatment in promoting 
fat absorption in dogs with ligated pancreatic 
ducts (Pidgeon and Strombeck, 1982). This is not 
surprising since optimal activity will not be 
achieved unless lipase is in solution :It the appro
priate pH and tempel'2ture and in the presence of 
appropriate concentrations of colipase and bile 
acids; conditions which arc unlikely to be encoun
tered in the feeding bowl. 

There is no evidence that bile release is de6cient 
in naturally occurring EPI, and addition of bile 
salts to enzyme supplements docs not improve fat 
absorption over that obu.ined when enzymes 
alone are given with food to dogs with ligated 
pancreatic ducts (Pidgeon and Strombeck, 1982). 
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Dietary modlficallon 

Numerous studies show that fat absorption docs 
not return to normal despite appropriate enzyme 
therapy (Pidgeon and Strombeck, 1982). Dogs 
appear 10 compensate by eating slightly more 
than usual, and as with any individual dog it is 
necessary to regul:lle the amount of food given in 
order to maintain ideal body weight. 

Although therapy with regular maintenance 
dog food and appropriate enzyme replacement is 
usually effective. feeding of a highly digestible, 
low fibre diet may be advantageous (Westermarck 
et aI., 1990). Dietary fibre impairs pancreatic 
enzyme activity, and high fibre diets should prob
lbly be avoided (Duna and Hlasko. 1985). Highly 
digestible dieu may be of panicular value in pro
moting caloric uptake in those dogs with EPI that 
do not regain normal body weight when fed regu
lar food with enzyme replacement. These patients 
may also benefit from addition of medium-chain 
triglyceridcs to the food. Some medium-chain 
triglycerides arc absorbed intact, and their 
hydrolysis by lipase proceeds much faster than 
that of long-chain triglyceride!, so that fat absorp
tion is facilitated (Grendell, 198]). 

Vitamin supplementation 

Dogs with EPI may have scverely subnormal con
centratio05 of serum cobalamin and tocopherol 
which do not necessarily increase in response to 
treatment with oral pancreatic enzymes, even 
when the clinical response is otherwise e1l:ceJlent 
(Williams, 1985). Clinical signs associated with 
naturally occurring deficiencies of these vitamins 
in the dog have not been documented, but both 
may contribUle to intestinal mucosal changes and 
perhaps cause systemic signs of deficiency includ· 
ing either myopathy or myelopathy and other 
abnormalities of nervous tissue as has been 
reported in other species. It therefore seems pru
dent to supplement with these vitamins if serum 
concentrations are subnormal. In the author's 
experience, supplementation with large oral doses 
of IOcopherol (400-500 IU given once daily with 
food for one month) is effective in returning 
serum concentrations to normal. In contrast 
cobalamin must be give parenterally (250 mg by 
intramuscular or subcutaneous injection oncc a 
week for several weeks) to normalize serum 

• concentl'1ltlons. 
POIential deficiencies of other vit:lmins in 

canine EPI have not been investigated in detail. 
Malabsorption of other fat -soluble vitamins is to 

be expected, but malabsorption of vitamins A, D 
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and K may not be as marked as with tocopherol, 
since tocopherol appears to be panicul.uly sensi
tive to abnormalities in the imestinal lumen 
(Sokol et al., 1983). It should be noted that doses 
o f individual vitamins in multivitamin prepa.ra
tions may be insufficient to normalize serum con
centr.nions and that parentenl or very high oral 
doses may be required fo r adequate supplemcma
lion. 

Antibiollc therapy 

Dogs with PAA commonly have overgrowth of 
bacteria in the small intestine but in most cases 
this is a subclinical abnormality and affected 
individuals respond very well to trcatment with 
oral enzyme replacement alone (Williams t't al., 
1987). Bacterial o \'ergrowth can cause malab
sorption and d iarrhoea, howe\'er, and in those 
ind ividuals that do not respond to onl cnzymes 
alone antibiotic therapy may be of value (King 
and T oskes, 1979). Oral oxytetracycline, 
metron idazole or tylosin may be effective in 
impro\·ing the clinical response in some of these 
dogs (Westermarck t't al., 1 99Jb). Lo ng-lasting 
untre;ucd bacterial overgrowth may C:luse 
mucosal damage that is only partially reversible 
following even prolonged antibiotic thenpy, and 
this may explain why some dogs fail to return to 
norm;\I body weight (King and Toskes, 198 1). 
Whcthcr a predisposition to recurrent dl'Yclop
ment o f overgrowth exists after antibiotic 
therapy is not known. 

Glucocorticoid therapy 

In those dogs that respond poorly to the ;l.bove 
treatm.~:nts, oral prednisolone (o r prednisone) at 
;l.n initial dose of 2-4 mg kg-I for 7-14 days is 
often beneficial. Some such cases ha\'e Iympho
cytic-plasmac)'tic or eosinophilic enteritis, Long
term administ ration is generall y unnecesury, and 
the drug can be withdrawn O\'er a 1- 2 month 
period. 

• Prognosis 

EPI is generally irrever:sible and lifelong treat
ment is required. It has been suggested that 
enzyme therapy may be withdrawn without 
return of clinical signs in some ;l.ffected dogs (Van 
Kruiningen, 1982). This must be a vcry rare event 
judging by the infrequency with which such 
d;l.ims arc made, and in such cases the possibi liry 
of ;l.n initial misd iagnosis must be considered. 

Nonetheless, gi\'en the expense of tre;l.tment, it is 
reasonable to withdraw enzyme supplement for a 
trial pcriod cvery six months or so and observe 
the dog for reeurrencc of polyph;l.gia and diar
rhoea. Pancreatic acin;l.r tissue docs have some 
cap;l.ci ty 10 rcgeneratc and it is not inconceivable 
that following either pancreatitis or PAA residual 
acinar tissue might regenerate sufficicntly to pre
\'ent clinical signs of EPI. Although treat ment will 
be required for life in 1Il0st caSl'S, tile prognosis is 
gencrally good. Somc dogs may fail to regain nor
mal body weight, but these ani m;l.ls usu;l.lly h:we 
IOtal resolution of diarrhoea and po lyphagia and 
arc quite acceptable as pets. 

Treatment of dogs with d i;l.betes mellitus and 
EPI due to chronic pancreatitis is likely to be 
morc troublesome and expensive. Diabetes melli
tUS rna)' be particularly difficult to regulate in 
vicw of a probable coexistent derangement in 
the secretion of glucagon and somatostatin. 
Inflammation in f('s idual pancreatic tissue may 
cause anorexi ;l. and vomiting funhe r complicating 
regu lation of diabetes mell itus. 

I NEOPLASIA OF THE EXOCRINE 
PANCREAS 

Pancreatic adenocarcinomas occur primarily in 
o lder animals and may be acin;l.r o r duct cell in 
o rigin. Both arc uncommon and arc particularly 
rare in cats. Pancreatic carcinoma may be more 
common in Aired;l.le terrier:s than o ther breeds 
(Anderson and Jo hnson, 1967; Priester, 197~ ; 
B;l.nner et al. , 1979; Jubb et at., 1985). 

Adenocarcinomas arc usually highly malignant 
tumours, and have often met;l.S tasized to the liver 
and lOCal lymph nodes, or Icss commonly to the 
lungs, ;l. t the time of present'ation. Clinic;l.1 signs 
arc usu;l.lly non-specific: weight loss, anorexi;l., 
depression, and vomiting. Affected animals ;l.re 
often icteric due to associated obstruction of the 
bile ducts or widespread hcpatic metastasis. 
Occasionally dogs will present with characteristic 
signs o f diabetes mellitus or EPI due to obstruc
tion of the pancre;l.lic duclS or beta cell destruc
tion (Andcrson and Johnson, 1967; Cornelius, 
1976; Bright, 1985), 

There arc usually no specific fi ndings on 
physical examination bUI there may be abdomi· 
nal tenderness ;l.nd occasionally a cranial abdom
inal mass is palpable. Abdominal r;l.diographs 
may suggest pancreatitis or indic:l te the presence 
of an anterior mass, whcreas thor.lcic 
radiographs may reveal pulmonary metastasis. 
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Ultrasonogr.lphic ~xamination rna)' help further 
'define pancreatic abnormalities, :md cytological 
examination of abdominal Auid or of material 
aspir.H~ from 5USp«t areas may reve,,1 nco· 
plastic cel\s, 

There arc no specifi c laboratory ICstS for pan
ere.uic c:lrcinoma, and results of routine tests may 
be misleading. Elevated activities of amylase and 
lip:l.5C are setn in some dogs with pancreatic carci
noma. Hcp:uic involvement is usually indicated 
by marked dCV2tions of "IIuJinc phosphatase and 
bilirubin, with lesser increases in alanine amino
tnnsfcr.ac, suggestive of an obstructi ve 
hepatopathy (Anderson and Johnson, 1967; 
Comdius. 1976). In most cascs definitive diagno
sis requires cxplor:uory lapuolomy. Chronic 
pancreatitis may grossly resemble pancreatic 
carcinoma, therefore visual inspection alone may 
be misle:tding. 

Given the frequency o f meust:tsis at the time of 
diagnosis the prognosis for :tnimals with e.ucino
mas of the exocrine p:tncreas is extremely poor. 
There :tre no reports of cur:ative ther:ap)', but sur
gial excision of loc:tlized lesions, perhaps in com
binnion with chemotherapy, may be palliati\·e. 
Ther:apy with insulin :tnd pancreatic enzymes 
m:ty be required to treal associated diabetes melli
tus and EPI (Anderson :tnd Jo hnson, 1967; Bright, 

'98» . 

I PANCREATIC FLUKES IN CATS 

There are stvc.r:al reports of infection with the 
pancreatic fluke, EHrytr~ma procyon is, in catS 
(Fox et al., 1981 ; Roudebush and Schmidt, 1982; 
Anderson ~t al., 1987). Auociated pathology 
generally includes pancreatic atrophy :tnd fibrosis 
that in some cases, together with duct obstruc
tion, may severely decrease exocrine pancreatic 
secretory c:tpacity. In spite of mukcd loss o f 
exocrine tissue, ho wever, weight loss and d iar
rhoca have not been reported, and the infection is 
usu:tlly subclinical. 

lnfettion is often an incidental finding based 
on observation of characteristic eggs in the fae
ces. H owever, one report described :tn infected 
cat that had marked infl:tmm:ttory infiltr:ates in 
association with the parasites, and a 2-year his
tory of weight loss and intermittent vomiting, 
consistent with pancreatitis perhaps progressing 
to c1inic:t1 EP I (Anderson ~t 11/., 1987). Treatment 
with fenbendazo le has been reported to be effec-

• tlve. 
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The hypothab.mus and pituitary form a complex 
functional unit that controls much of the 
endocrine system. The pilUitary gland is a small 
ovoid structure which lies in :l distinct fossa, the 
sdla rurcic:l. within the sphenoid bone JUSt VCn!t:l.1 

to the hypothalamus. The pituitary consists of 
two functional and morphological pans which 
have separate origins; the anterior lobe of the 
pituitary develops (rom Rathke's pouch. which 
arises from the roof of the oral cavit)'. and the 
posterior lobe of pituiury or neurohypophysis 

Disorders of lhe adrenal glands 
Disorders of the endocrine pancreas 561 54' 1 

which is a \'entral extension of the hypothalamus, 
The hypothalamus is important in the regula

tion of anterior and posterior pituitary function. 
The release of hormones from the anterior lobe 
of the pituitary is controlled by hypothalamic 
peptidcs which ;arc transported to the anterior 
pituitary by the capillaries of the hypo
thalamic-hypophyseal portal circulation (fable 
39.1 ). The hypothalamus cont.ains a number of 
autonomic cent res that control thirst, satiety, 
body tempen.ture, emotional reactions and sym
pathetic responses and serves as an important link 
between the brain and Ihe endoc rine system. 

The alllerio r pituitary produces and releases a 
number of trophic hormones which control many 
of the endocrine glands (Fig. 39.1). It consists of 
three ccll types: acidophils, basophils and chro-

Table 39.1 Hypothalamic control of hormone release from the anterior lobe of the pituilary 

Anterior lobe hormone 

TSH - thyroid-stlmulatmg hormone 

ACTH - adrenocorticotrophic hormone 

GH - growth hormona 

f SH - follicte-stlmulatmg horffiOflll 

LH - lutemizil'lO oormone 

PRL - Prolactin 

Hypothalamic honnone 
(slim~latory aeilon) 

TRH -thyrotrophin releasing hormone 
CRH - cortICOtrophin releasmg hormone 

GHRH - growth hormone releasing 
hormone (somatocnnln) 

GnRH - gonadotrophin releasmg hormone 

GnRH - gonadotrophin re!easlng hormol"le 
PRH - prolactin releasing hOrmone 

MSH - melanocyte'sllmulabng hormone MSHRH - MSH rele.1sing !lormone 

Hypothalamic hormone 
(Inhlbllory action) 

GHRIH - growth hormone release 
inhibitory hormone (somalostatlll) 

PRtH - prolaclin retease Inhibitory 
oormone (dopamine) 

MSH-RIH - MSH rele.1SE1 intlibltory 
hormone 
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TSH 

FSHA.H 

HYPOTHALAMIC HORMONES 

CAH GHRH TRH 

GoAH 

-.".,. 

PAH SomaIOSlalin 

MSHAHIRIH 

Anterior ~ ,,<,,,,.,,, 
"" "'" 

ACTH OH Oxytocin 

PAL oMSH VasopreSSin 
(AOH) 

PITUITARY HORMONES 

Figure 39.1 Hypothalamic-pituitary hormone produc
tion and release. TRH, thyrotrophin releasing hormone; 
CRH, corticotrophin releasing hormone: GHRH, growth 
hormone releasing hormone; GnAH, gonadotrophin 
releasing hormone; PRH, prolactin releasing hormone; 
MSHRH. melanocyte stimulating hormone releasing 
hormone; MSHRIH, melanocyte stimulating hormone 
releasing Inhibitor hormone; TSH, thyroid stimulating 
hormone: ACTH, adrenocorticotrophic hOrmone; GH, 
growth hormone; FSH. follicle stimulating hormone; 
LH, luteinizing hormone: PRl, prolactin; aMSH, 
a·melanocyte stimulating hormone; ADH, antidiuretic 
hormone. 
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mophobes. The acido phils includc somatotrophs 
which secrete growth ho rmone and lactotrophs 
which secrete prolactin; basophils include 
gonadotrophs which secrete folliele·stimulating 
hormone and luteinizing ho rmone. and thy
rotrophs which secrete thyroid·sfimulating hor
mone; chromophobcs include corticOirophs 
which secrete adrenocorticotrophic hormone 2nd 
cells which secrete melanocyte·stimubting hor
mone (MSH). The 2ctions of these hormones arc 
summarized in Table 39.2. 

The release of hormones which control a spe
cific endocrine gland, for example the thyroid and 
adrenal ghands, is regulated by a negative feedback 
mechanism whereby the hormone of the target 
gland affects the secretion of the relevant releasing 
factor from the hypothalamus and/or the trophic 
hormone from the anterior pituitary (sec Figs 39.6 
and 39.9). 

The release of ho rmones which do not act 
through a target endocrine gland, i.e. growth hor· 
mone, prolactin and MSH, are controlled through 
a balance of eff«t.s of the relevant stimulatory and 
inhibiwry facto rs, produced by the hypothala· 
mus, on the anterior pituitary (Fig. 39.2). 

The posterior piruiury releases stored \'UO

pressin (antidiuretic hormone, AD H) and oxy
tocin which have been synthesized in the 
supraoptic and para ventricular nuclei of the 
hypothalamus. ADH increases the permeability 
of the distal convoluted tubules and collecting 
ducts of the kidney and thus controls water 
excretion. Oxytocin stimulates uterine contrac
tions and milk ejection. 

Table 39.2 Actions of the hormones released from the anterior lobe of the pituitary 

TSH Thyroid stlmulating hormone stimulates the biosyntheSIS 01 thyrOid hormones and the release 01 thyroxine Into the 
circulation. 

ACTH Adrenoconicotrophlc hormone maintains adrenocortical size and sllmulates the adrenal glands to secrete 
glucocOfticolds. 

GH Growth hormooe stimulates growth 01 the long bones prOVided the epIphyses are open. It also enhances protein 
anabolism and has marked anti-insulin actIVIty. 

FSH FOllicle-stimulating hOrmone stimulates ovanan follicular growth and maturation In the lemale. In the male, 1\ 
stimulates testlctJlar growth, spermatogenesis and testostefOne production 

lH luteiniZing hormone is required lor ovulation and stimulates the lormatlon ollhe corpus luleum. With fSH iI 
stimulates maximum oestrogen secretion. In the male, LH (ICSH) stlmulates the interstrtial cells 10 produce and 
release testosterone. 

PRl Protactin. in conjun<:tlon with Olher hormones. induces mamma'Y development and lactation. PfOlactin also 
maintains lactation In the lemale. In the male il has a stimulatory eHect on prostate growth , 

MSH Melanocyte stimUlating hormone Is produced primarily in the pars intermedia as par1 01 the prohormone 
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Figure 39.2 Regulation 01 growth 
hormone release. 
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• Congenital hypopllultarlsm 

Congenital hypopituitarism results from inade
quate secretion of growth ho rmone with resultant 
retardation of growth (pituitary dwarfism). This 
rare condi tion has been reported in a number of 
breeds of dog, but is most commo nly seen in 
German shepherd dogs, where it has been shown 
to be inherited as an autosomal recessive trait 
(A ndresen and Willeberg, 1976). In the dog, 
pituitary dwarfism is most commonly :tSsociated 
with cystic dilation of Rathke's pouch which is 
thought to cause pressure atrophy of the pituitary 
resulting in reduced secretion of anterior pituiury 
hormones. H ypoplasia of the pituitary has been 
reported in the cat, but appears to be (;I.re. 

Clinical signs 

Affected animals appear normal at birth, but 
growth retardation is usually evident by weaning. 
A deficiency o f growth hormone: produces pro
portionate dwarfism. The degree of stunting is 
variable and probably depends on the extent of 

('OF-l) 

! 
•• 

" BONE 

pituitary damOlge:. Dc:1ayc:d growth plate dosu re 
and dental eruption have been reported, but in 
most cases these dela)'s appear to be minimal. 

Growth hormone is req ui red to produce a 
normal adu lt hair coat in the dog. In pituitary 
dwarfism the fine puppy coat is retained and 
becomes matted and woolly in appearance. The 
hai r coat is slowly 1051 from the trunk, leading to 
the devc:1opment of bilaterally symmetrical, non
pruritic alopecia by a year of age. Tile hai r loss is 
mainly from areas of friction such as the flanks, 
neck and ventral abdomen and where hair is lost 
the skin usually becomes hyperpigmented. Other 
areas such as the head and feet are generall)' 
spared and affected dogs reu.in the facial charac
teristics o f a puppy (Fig. 39.3). H air loss does not 
appear to be a feature of congenital hypo
pituitarism in the cat. 

The function of other endocrine systems con
trolled by the anterior pituitary is often normal 
or near normal. H owever, in more severe cases 
signs of secondary hYPolhyroidism and/or 
secondary hypoadrenocorticism may develop. 
Gonadal involvement may result in testicular 
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Figure 39.3 A 7-monlh-old German shepherd dog with 
congenital hypopituitarism Illustrating the immature 
facial features, small stature and symmetrical truncal 
alopecia. 

at rophy in the male and abnormal oestrus cyd es 
in the hi tch. 

Diagnosis 

The differential diagnosis of stunting is given in 
Table 39.3. The diagnosis of congenital hypopitu
it3rism can be made by measurcmcn! of plasma 
growth hormone concentrations. Since basal 
plasma growth hormone conccntrltions may he 
low in healthy animals, a Slimulation ICSt usi ng 
clonidinc and xylazinc should be performed 
(Eigenmann cr al., 1984:1.). Growth hormone con
ccntr.ttion can be assessed indirectly by measuring 
insulin-like growth factor (lGF- I). Pitui tary 
dwarfs also h:lVC ;l.bnormally low serum IGF-\ 
concentrations (Eigcnmann et al., 1984a). 

Thyroid function testS and adrenal function 
tes tS should be performed to assess thyroid3.1 and 
3.drenal fu nction. 

Table 39.3 Differential diagnosis of poor growth or stunting 
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Treatment 
Canine growth hormone is not available for 
therapeutic usc, but bovine, porcine and human 
growth hormone preparations have been used fo r 
treatment. The diagnosis of hypo pituitarism is 
usually made tOO late in development to influence 
growth signifiC'- nt ly and affected animals remain 
permanent dwarfs. Growth hormone administra
tion, however, has been shown to be effen ive in 
producing regrowth of hair at a dose of 0. 1 iu klf' 
subcutaneously three times a week for four to six 
weeks. Treatment with exogenous growth hor
mone can be associated with the developmelll of 
antibodies, which could interfere with its subse
quent actio n (van H erpen et al .• 1994). Growth 
hormone is expensive and its repeated use may 
resul t in the development o f d iabetes mell itus. 

Thyroid hormone replacement should be 
used in cases of s«:ondary hypothyroidism (sec 
under H ypothyroidism). Thyroid hormone 
therapy has been used in an attempt to stimu
late hair growth in pituitary dwarfs with normal 
thyroid function with variable success. In these 
cases, half the normal rcplaccment dose of 
thyroxine is administered for several months to 
produce a response. 

I Growth hormone-responsive alopecia 
in mature dogs 

An endocrine alopecia which responds 10 exoge
nous growth hormone administration has been 
described, however, the aetiology of this condi
tion remains unclear and its relationship with 
insufficient growth hormone secretion u nproven 
(see Ch3.pter 47). 

Endocrine causes Congenital panhypopltuttansm (pl1ultary dwarf) 
COflQenital hypothj'roidism (dlsproportiOl1ale dwarf) 
Jwenlle·onsel diabetes mel1rlus 
Hyperadlenocorticism 

Non-endocrine causu 

Hypoadrenocortlclsm 

Malnutritlon. maldlgesllon (e.g eXOCrine panellallc InsuHlciency) anll maiabsorplloo 
Severl metabolic disorders associated WIth major Mgan dyslunction. e g. porto
systemic shunting, congenltal/enal dysplasia, congenital heart deleets (e.g tetralogy 
01 Fallol) and mucopol)'saccharidoses. 
Skeletal dysplasias will produce disproportlonate dwarfs. e II enthondrody$lrophy in 
Ille EnglISh poimer and cllondrodysplasia 01 the Alaskan malamute. 
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Cllnlc.1 signs 

The condition is seen in se,'crai brecW including 
poodles. pomcranians. chow chows. keeshonds 
and Airedale terriers ;l.nd is more common in 
m;l.lcs. Affectcd ;l.nim;l.ls show progressivc hair 
loss leading to bilatcrally symmetriul, non· 
pruri tic ;l.lopcci;l. wi th hyperpigment;l.tion of thc 
skin from two )'c.us of ;l.gc o nw.uds, The h;l.i r loss 
is usu;l.lly confined to the trunk (Fig. 39.4). 
Animals arc otherwise in good he;l.lth with norm;l.l 
thyroid ;l.nd ;l.drcnal funnion. 

It is essential to rule out other ca.uses of 
endocrine ;l.lo peci;l. befo re considering a. diagnosis 
of growth hormone-rcsponsi,'e ;l.lopeci;l. [f;l.ble 
39.4). 

Figure 39.4 A 5-year old male keeshond wilh so-alled 
growth hormone-responsive alopecia. 

Tlble 39.4 Differential diagnosis 01 bilaterally symmet
rical l runcal alopecia 

Hypothyroidism 
HyperadrenocortICism 
&tnoll cell tumour 
OVarian Imbalance 
Congenital hypopituitarism 
Growth hormone responsive elopecia In mature 

dog. 
Adrenal &81( homlone Imbalance 
Follicular dySplasia-

• follICUlar IIysplaSIo1 should be ruled out by SkIn biopsy 

DI.gnosls .nd t".tm,nl 

Observ;ltions suggest th;lt m;l.ny dogs with this 
cond itio n h;l.ve norm;l.l pl;um;l. growth hormo ne 
concentrations ;l.nd ;I. norm;l. l response to stimula.
tion with donidine or I(yluine. Despitc normal 
growth hormone concentrations, some o f these 
ca.ses will respond to exogenous growth ho rmone 

administration. h is known th3.1 endogenous and 
eJCogenous glueoconieoids arc potent inhibitors 
of growlh hormone secrel ion. 3.n effect mediated 
through enhanced som;l.tostati n rcle;uc, and somc 
animals with growth hormo ne-rcsponsl\'c ;I.\o~
cia m;l.y h;l.ve mild o r Ouctu;l.t ing hyperadreno
conicism (Rijnberk rt al., 1993). Other c;ues h;l. \'c 
;l.p~;l.fed to respond to secmingly unrcl;l.ted trcat
mcnts such u c;utl':uion ;l.nd this h;l.s Icd to Ihe 
term c;utl':uion-responsivc alopeci3. being used. A 
siudy in pomcrani;l.ns both with ;l.nd without 
;l.lo~ci;l. showed Ih;l.t growth homlOnc concentr:l
tions did nOI increue signific;l.ntly ;l.fter Sfimub
tion irrespeclivt of whcther the dogs h3.d ;l. lopcci;l. 
o r not (Schmeitzcl ;l.nd l othrop, 1990). T hese 
authors suggested that at leut in thc pomeranian, 
there might be an adren;l.l sex ho rmonc imbalance 
due to ;I. p3.rtial defi ciency o f 21-hydroxyl;ue 
enzyme resulti ng in hyperprogesteronism and/or 
hypcrandrogenism. This deficiency would rcducc 
cortisol productio n ;l.nd thereby incrc;l.sc adreno
conicolrophic hormone (ACfH ) sccretion ca.us
ing ;l.dren;l.1 hyperp\;ui3. 3.nd eJCce5S adrcnocortiul 
androgen production. which inhibits new hair 
growth. 

Until the C3.use of this disordcr is kno wn, it 
is difficult to recommend r:ltion;l.1 treatmcnt. 
G rowth hormo nc thenpy usi ng 3. sim il;l.r proto
col to that gi,·tn fo r congenital hypopi tuitarism 
h;l.s becn used successfull y in some cases. 
Careful monitoring is imponllnt bec;luse growth 
ho rmone is diabetogenic. If adrenal SCI( 
hormonc imblbncc is suspected neulering or 
thcrapy with mitou.ne o r ketoconazolc may be 
c((ccti,·c. However the side effects and risks of 
mitota.ne lind ketocon3. .... o le treument need to be 
considered (scc sl."ction on H yperadreno
corticism). 

• Acromegaly 
C hronic hypcrsccretion of growth hormone in 
thc ;l.dull results in ;l.cromeg;l.ly, an insidious 
condition ;l.ssociatcd wilh conncctive tissue ;l.nd 
bonc overgrowth . In the dog, acromeg3.iy is 
c;l.uscd by progestogen thenpy or by cndogc
nous progestcrone prod uced during the 
metOC'strus ph;ue of the oeStrus cycle. The 
progesterone-induced growlh honnonc Cl(cess 
origin;l.les from hyperpl;l.sl ie ductular epithelium 
in the m3.mmary gland 3.nd no t from the 
pituitary (Selman r l al., 1 99~ ). In the C;lt, 
3.cro meg;l.ly is c;l.uscd by ;I. pitu it3.rY tumour th3.t 
secretes excess growlh hormo ne. This cause h;u 
nOI been reponed in the dog. 



Clinical signs 

Clinical signs of acromegaly develop slowly in 
midd le-aged [0 older intact bitches, which are 
either cycling no rmally or being given regular 
treatment with progestogens to prevent oeStrus. 
Initially there is increased soft tissue swelling 
around the head and neck and this may result in 
excessive panting, inspiratory stridor and exercise 
intolerance. There may be excessive skin folds and 
thickened skin around the head, neck and dist:tl 
extremities and increased interdental spacing 
pa rt icularly of the incisor teeth (Fig. 39.5). Since 
growth hormone antagonizes the effects o f 
insulin, mild glucose intolcrance or O\'ert diabetes 
mellitus dcvelop which can 'ud to polyuria and 
polydipsia. Diabctes mellirus induced by growth 
hormone may be reversible or permanent depend
ing o n the circulating conuntr:ttion and duratio n 
of the excessive growth hormone secretion. 
Initially, hyperglyeaemia is associated with 
increased insulin concentrations, but as the dis
ease progresses beta eell exhaustion may result 
in lowered insulin secretion. Most cases of 
acromegaly present with insulin-resistant diabetes 
melli tus :md patients require abnormally high 
doses of exogenous insulin 10 control blood 
glucose conco:ntrations. 

Diagnosis 

Laboratory findings of uncontrolled or poorly 
regulated diabetes mellitus with hyperglycaemia 
and glycosuria arc found in most cases. A defini
tive diagnosis of acromegaly can be made by 
demonstrating elevated concentrations of growth 
hormone or IGF- I in serum (Eigenmann, 1981; 
Eigenmann et al., 1984b). 

Figure 39.5 Increased interdental spaces in a 12-year 
old Labrador retriever bitch with acromegaly and associ
ated insulin-resistant diabetes. 
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Tmatm,mt 
Successful treatment of acromegaly in the bitch 
invoh·cs the withdrawal of progestogen therapy 
and ovariohysterectomy for oestrus control. 
Insulin requirements may decrease dramatically 
or even cease completely following the with
drawal of progestogen therapy o r after o vario+ 
hysterectomy. Patients should therefore be 
monitored very closely to avoid insulin over+ 
dosage and the development of hypoglycaemia. 
In (he cat, pituitary irradiation using a linear 
accelerator or cobalt-60 source has been suc
cessful in reducing the growth hormone secre+ 

• tlon. 

• Pituitary tumours 

Primary and secondary tumours can involve the 
pituitary gland. Primary rumours may be func
tio nal or non-functional. Adenomas of the ante
rior lobe of the pituitary are the most common 
and these may secrete ACTH resulling in pitu
itary-dependent hyperadrenocorticism. Other 
rumours may compress and destroy pituitary 
tissue by expansion c:tusing a reduction in the 
secretion of trophic hormones which may result 
in clinical signs of hormone deficiency. There 
arc a number of clinical signs, such as polyuri:t 
and polydipsia due to impai red ADH synthesis 
o r release, lethargy and weight gain due to sec
o ndary hypothyroidism, and :Itrophy of the sex 
o rgans due to reduced gonadotrophin release. 
Pressure by a pituitary mass on the osmorecep
tors of the hYPOlhalamus may induce alterations 
in water intake ranging from polydipsia to 
adipsia. 

Clinical signs associated with a pituitary 
tumour include listlessness. depression, anorexia, 
vomiting, aimless wandering, head pressing, star
ing, apparent blindness, ataxia, incoordination, 
head tilt, circling and seizures. The diagnosis o f a 
pituitary mass un be confi rmed by computed 
tomography or magnetic resonance imaging. 
Endocrine function tests will help to d emonstrate 
whether the tumour is functional or if hypo-

• • • • pltULUnSm IS present. 
If neurological signs are apparent, radio

therapy using nlcgavo ltage radiation is the [re;1.(
menl of choice and has been successful in 
reducing the size of the pituitary mass. 
Pituitary-dependent hyperadrenocorticism can 
be treated with mitotane (see section on 
H yperadrenocorticism). 
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usually secondary to dehydration. The most sig
nific:lnt finding is very dilute urine of low specific 
gravity, usually between 1.001 and 1.005. The 
urine specific gravity is almost invariably less than 
glomerular filtrat e, i.e. < 1.010, indicating good 
renal rubular fun ction with resorption of solute in 
excess of water. Urine osmolality is low and typi
cally below that of plasm:l, which is o ften mildly 
o r moder:llely elevated due to the concomit:1nt 
dehydration (fable 39.6). In psychogenic poly
dipsia, the plasma osmolality is usually decreased 
due to the overhydration. 

A carefully monitored W:lter deprivation [CSt 
will confirm the animal's inability to concentrate 
its urine in diabetes insipidus, despite becoming 
dehydr:l.ted. Renal function must be assessed 
before underraking this tCSt and the tCSt muSt 
always be discontinued if the patient loses more 
than 5% o f its body weight. Urine and pl:uma 
osmolality measurements provide mo re definitive 
information than urine specific gravity alone 
(fable 39.6, see :1lso Ch:lpter 9). 

The ADH response test is used to distinguish 
ccntral diabetes insipidus from nephrogenic 
diabell~s insipidus. Dogs and Cllts with central 
diabetes insipidus will concentrate their urine in 
response to the administration of exogenous 
AD H whereas dogs with nephrogenic diabetes 
insipidus will sho w no response. 

Treatment 
Successful treatment of central diabetes insipidus 
requires long-term replacement therapy using 
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desmopressin (DDAVP, Ferring), II vasopressin 
analogue. Desmopressin is available as an injec
tion and as nasal drops, which provide antidi
uretic activity for about 8 h. O ne to four drops of 
the nasal preparation placed in the conj unctival 
sac rwice daily will control the polydipsia and 
polyu ria in most dogs and cats with central 
di:lbetes insipidus. 

C hlorprop:lmide, an oral sulphonylurea hypo
glycaemic agent, potentiates the effects o f AOH 
on the ren:l l IUbulcs :lnd therefore requires the 
presence of :It least some endogenous ADH. 
Although chlorpropamide has be~n shown to be 
effective in panial central diabetes insipidus in 
humans, the results in dogs hllve been incons i s t ~nl 
and variable. It may take sev~ral weeks to obtain 
an effect and hypogl ycaemia is a potential adverse 
effect. A dose of lHO mg kg-1 orally once daily 
has been suggested in dogs. C hlorpropamide is 
not recommended for use in cats. 

Thiazide diuretics such as hydrochlorothiazide 
and chlorothiazide hav~ a pnadoxical eff~t in 
both central and nephrogenic diabetes insipidus. 
Urine output may be decreased by up to 50%, 
although the urine is still not isothenuric. The 
suggested doses for hydrochlorothiazide and 
chlorothiazide arc 2-4 mg kg-1 twice daily and 
20-40 mg kg-I twice daily, respectively. The pre
cise dose should be tailored to each patient llnd 
the effect may be enhanced by concurrent use of a 
sodium-restricted diet. Patients should be moni
tored periodically for electrolyte disturbances, 
p:lTtieularly hypok:llaemia. 

Idiopathic central diabetes insipidus has a 

Table 39.6 Dillerentiation 01 central diabetes insipidus (COl). nephrogenic diabetes insipidus (NOI ) and psychogenic 
polydipsia (PP) 

Plrameter aelDre Wiler deprivatiDn After wlte, deprivltiDn 

COl NOI pp 

Urine 
U specific gravity <1.010 <1.010 <1.010 <1.025 
U osmolalily <300 <300 <300 <700 

Plasma 
P osmolality :>300 COlor NOI 

<295 PP :>3 10 :>310 :310 
U:P osmolality <1.0 <1.0 <1.0 2-3 

ADH rel ponse tell 
U specilic gravity <1.010 >1.015 <1.010 <1.025 
U:P osmolality <1.0 >1.0 <1.0 :> 1.0 

OsmDlality measulf(! in mOsm kg". U. urine; P. plasma. 
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f-avourable prognosis with treatment. Animals 
with an expandi ng hypmhalamic or pituitdry 
tumour have a marc guarded prognosis, especially 
if neurological signs ;ue present. Central diabetes 
insipidu! following head trduma carries a ,-ariable 
prognosIs; spontaneous reco'-ery may occur 
within a few days or weeks in some cases. but in 
others the damage is pcrmanent. Nephrogenic 
diabetes. insi pidus tends to have a more guarded 
prognOSIS. 

I DISORDERS OF THE THYROID GLAND 

• Analomy and physiology 

The thyroid gland lies within the cervical fascia 
between the sternmhyroideus muscles :md the 
trachea and consists o f twO lobes which are only 
rardy connected by an isthmus. The glands :trc 
not palpable in healthy dogs or cats. Palpable 

Figure 39.6 Regulation of thyroid func
tion. 
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enlargements arc referred to as goitre. 
Two parathyroid glands are normally associ

ated wi th cach thyroid lobe. Thc internal parathy
ro ids usually lie within the thyro id capsule at the 
caudal pole of each lobe. 

The thyroid gland actively takes up inorganic 
iodide. resul ting in levels that arc 10-200 times 
that o f serum. The inort;anic iodide enters the 
thyro id fo llicular cells and is transformed into 
metabolically active thy roid hormones, thyroxine 
(T4) and triiodothyronine (D). The synthesis and 
secmion of T4 and TJ is controlled by thyroid
stimulating hormone (TSH). a glycoprotein 
secretoo by the thyrmroph cells of the anterior 
pituitary. Secretion o f TSH is stimulated by 
thyrotrophin-releasing hormone (TRH). a hypo
thalamic tripeptide. A elassic negative feedback 
system operates [0 maintain the plasma concen
trations of T4 and TJ within close limits (Fig. 
39.6). 

In plasma, more than 99% of TJ and T4 is 
bound to plasma proteins, mainly albumin and 
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(Bischel 1'1 al .• 1988; Jaggy ('1 "I., 1994). C linicJ.1 
signs of lameness, dragging of Ihe feet, quadri
paresis, hearing impairment and nystagmus have 
;ilso been reported. Electromyography may 
reveal fibri llation potentials and positive sharp 
waves. MOlOr lIerve conduction velocities Illay 
be decrcased and tendon reOexes appear slug
gish. 

COllgrllilll1 hypothyroidism has been reported 
in a number of breeds including the boxer 
(Mooney and Anderson, 1993) and the giam 
schnauzer (Greco ct al., 1991). Clinical signs of 
congenilal hypoth)'roid islll includc hypothermia, 
letharg)" disproponion:llc dwarfism with a short, 
broad skull , short thick limbs and kyphosis, 
delayed dental eruption, thickened skin :lnd :l dry 
hair coat. Radiographic changes include delayed 
epiphyseal ossi fi cation and epiphyseal dysgenesis 
(Saunders and Jezyk, 1991 ). 

Laboratory findings 

H ypercholesterolaemia is 'fou nd in about 70% of 
hypothy ro id dogs. Thyroid honnones st1mubte 
biliary excretion of cholesterol and a deficiency of 
thl.'Se hormones results in an increase in the cho
lesterol colllen! of the liver. To preven! overload
ing the liver with cholestero l, the low-density 
lipoprotein receplOn arc down-regulated 10 limit 
low-density :md high-densi t), lipoprotein uptake 
from thc ci rculation. Plasma levcls o f these 
lipoproteins rise causing hypercholesterolaemia 
(Watson and Barrie, 1993). 

H ypercholcstcrol:u ... mia nl.ly also occur with 
high-fat diets, hyperadrenocorticism, d iabetes 
mell itus, nephrotic syndrome, chronic liver 
d isease and primary hyperlipoproteinaemia. 

Mild nonnocyt ic, normochromic, non-regen
erative anaemia occurs in about 30% of hypothy
roid dogs alld represents a physiological response 
10 the lowered basal metabolic rate. 

Mild 10 moderate increases in serum acti \·ity of 
alanine aminotransferase, aspartate aminotrans
ferase, al kal ine phosphatase and creatine kinase 
may be nOted. Increased creatine kinase activity is 
particularly associated with myopathy in cases of 
hypothyroidism. 

Thyroid function tests 

Serum tolal T4 and lree T4 
Baseline serum 1'4 concentrat ion using a validated 
assay is more accurate than serum T3 in assessing 
the status of Ih )'roid gland func tion and is recom
mended for initial evaluation of the thyroid gland. 
Random fluctuatio ns in serum T4 concentratio ns 

occur, but a true circadian rhythm has not been 
identified. 

Serum T4 concentrations can be affected by 
breed, age, illness and drug administration. 
Certain breeds part ieuLlrly the sight hounds have 
lo wer serum T4 concentrations than o ther breeds 
and this is important when interpreting rcsu lu 
from greyhounds or Afghan ho unds. Serum T4 
concentrations tend to be higher in young grow
ing puppies and lower in o ld dogs when compared 
to normal adult concentratio ns. Concurrent 
illness can suppress serum thyroid hormone 
concentrations (sick euthyroid syndro me). The 
degree of suppression is dependellt on the severity 
of the illness or catabolic state rather than the 
specific disorder. Various d rugs can alter thyroid 
hormone metabolism and serum binding particu
larly glueocortieoids, anticonvulsanlS, non
steroidal anti-inflammatory drugs, frusemide and 
anaesthetic agents (Ferguson, 1988). 

Serum free T4 concentrations measure meta
bolically act ive 1'4 and shou ld not be influenced 
by the effeclS of serum binding. However, mea
surement of serum free T 4 by most assays has no t 
proved to be any mort· reliable than total 1'4 con
centrations in the diagnosis of hypothyroidism. 

A low baseline serum 1'4 concemral;on with 
a history and clinical signs compatible wilh 
hypothyroidism mOly be sufficient evidence to 
warrant a therapeutic trial. In one study, the pre
dictive \'alue of a positive test result was 0.75 and 
of a negative test result was 0.87 using 1' .. concen
trations to diagnose hypo thyroidism (Miller ct al., 
1992). Serum T 4 concentr.lIiom in the low no rmal 
or below normal range should have fun her tests 
performed such as a canine TSI-I concentr:lI;on 
and/or 3 TS H or TRH stimulatio n test if the index 
of suspicion is still high for hypothyroidism. 

Serum T4 concentrations in the normal range 
arc unlikely to be associated with hypothy
roidism. However. antibod ies to thyroid hor
mone call cause discordance bt·tween measured 
thyroid ho rmone concentrations and clinicOlI sta
w s of the dog. Depending on their concentration, 
binding affinity and the assay method used, thy
roid antibodies can result in either falsely ele\'ated 
o r falsely low thyroid hormone concentrations. 
Autoantibodies to T 4 and T3 can be measured in 
these cases. 

Serum lotal T3 and free T3 
Baseline serum 1'3 concentrations arc less accurate 
for predicting hypothyroidism than serum 1'4. 
Random fluctuations in serum T3 concentrations 
are greater than with seru m T4 and have a greater 
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tcndcncy to bc mislcading with rcspect to the 
status of thyroid gland function. Possible expla
nations for this discrepancy include the prefer
ence of the normal thyroid gland for secreting T4, 
the inrracellular formation and location of most 
T3 , the prcfcrcOlial sccrction of T3 compared to 
T4 as thyroid function progressively fails and the 
de\'c!opment of anti-T3 antibodies. The diagnos
tic value of serum T3 concentrations in hypo
thyro idism is therefore inferior to serum T4 . 

TSH sl1mulallon test 
The administration of exogenous bovine TSH to 
measure thyroid secretory reserve is the most 
defini tive method currently available for the diag
nosis of hypothyroidism. The protocol and inter
pretation criteria arc given in Table 39.7. Thc use 
of this test is lirniu .. d by the expense of the TSH 
injection and its inconsistent availability. 

Peak serum T4 responses afe decreased by non
thyroidal illness and drug administr.nion in the 
same way as basal T4 concentrations. Thyroid 
function testing is thus best performed after reso
lution of non-thyroidal illness and, if possible, 
with the patient off all mediation. 

TRH stimulation test 
TRH is readily av;!.ilable and less expensive than 
TSH. However the T4 response to TRH is less 
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predictable and pe;!.k concentrations tend to be 
lower than with TSH stimulation. Incre;!.sing the 
dose of TRH increasf."s the duration but not the 
m;!.gnitude of the T4 response. TRH administra
tio n may c;!.use cholinergic signs such as saliva
tion, vomiting ;!.nd defecation. Responses arc also 
aHected by non-thyroidal illness and drug 
administration. 

Reverse T3 (rT3) 
The me;!.surement of serum rTJ concentr.uio n nn 
be useful in identifying cases with significant non 
thyroidal illness and should be reserved for those 
C:lSes with discordant or equivocal T4 concentra
tions. If the serum rTJ concentration is high in a 
dog with low or low-normal T4, hypothyroidism 
is unlikely to be the cause of the ;!.nim;!.I 's c1inic;!.1 

• s igns. 

Endogenous canIne TSH (e-TSH ) 
A reliable ass;!.y for canine TSH should be a valu
able aid to di3gnosis particularly in primary 
hypothyroidism where the concentrations should 
be high. Howcver, a validated c-TSH ass;!.y has 
only recemly become av;!.ilable and its use in the 
diagnosis of hypothyroidism is still being e\':l.lu
ated. In one study, it was concluded that cTSH 
measuremems were a useful additional di3gnostic 
test [0 serum T 4 concentrations in the diagnosis of 

Table 39.7 Protocol and interpretation ollhe TSH and TRH stimulation tests 

TSH stimulation 1811 
ProUXXH 
• Collect plasma or serum sample lor basal T4 concentratlon_ 
• Administer bovine TSH Intravenously at a dose rate 01 0.11u kg-1 up to a maximum dose 0151u 
• Collect second sample lot T4 concentratlon 6 h later. 

Interpretation 
• A diagnosis 01 primary hypothyroidism can be conlirme(j il both the pre and post T4 samples are below Ihe relerence ranoe 

for basal T4 concentratIOn. 
• In normal animals, the T4 concentration should stimulate to well Within or above the normal relerence ranoe lor T4 (n most 

animals, the T 4 roncefItration should increase by at least t _5 limes the basal concentration. 
• InterprelatiOn 01 Intermediate results Is more diHicuJt and may occur In association WIth non·thyrOldal illoess. treatment 

with c.enain drugs, secondal)' hypothyroidism or posSibly during the earty slaOes 01 primal)' hypOthyroidism_ 

TRH stlmulatiDn tnt 
Prot""" 
• Collect plasma or serum sample lor basal T4 concentration. 
• AdmInister 200 ~g proUrelin (TRH·cambrldge, cambridge) per dog lOtravenously. Injection may cause salivation. vomiting 

and tachycardia. 
• Collect second sample lor T4 concentration 4 h later. 

In terpret1Jtlon 
• Similar 10 TSH stimulation test although stimulation ot T4 concenlrations Is less than with TSH and lhe response 10 TRH 

shows greater Individual variation_ 
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cues of suspected hypothyroidism, but that the 
sensitivity of the lest WaJIi insufficient [Oob"iatc 
the neal for:l dYlI.lmic 1(:$1 ( rSH or TRH stimu
lation Icst) 10 confirm the diagnosis in some cases 
of hypothyroidism (Ramsey t't al., 1998). 

Thyroid biopsy 
Although not commonl)' performed, the hislOlog
inl cumin:uion of a thyroid gland biopsy provides 
an accunte.' method of diffcrcnti:uing betw«n pri
mary and secondary hypothyroidism. In primary 
hypothyroidism, there is loss of thyroid follicles 
resulting from either lymphocytic thyroiditis or 
thyroid atrophy. In secondary hypothyroidism, 
the thyroid follicles become diSlcndw with colloid 
and the follicular epithel;:!1 cdls arc flattened. 
Tc5ting thyroid function is $lill required 10 make 
a diagnosis of hypothyroidism, sincc the degree of 
histological change docs not alwa)'s retatl' to 
reduced hormon(' production and r('\(':lSc. 

T",tmen' 
Thyroid hornlone replacement is required for thc 
trcatment of hypothyroidism. Synthctic forms of 
T4 and T3 arc a,·ailab[c. Sodium IcvOlhyroxinc (L
thyroxinc) is the treltment of choice because it 
most closely resembles the prc(cremi,d secretion 
ofT" by the normal thyroid gland. Synthetic T4 is 
readily deiodinatcd to TJ in peripheral tissues and 
therefore docs not by-pus the norm:tl cellular 
regulatory processes thaI comrolthe production 
of the more potent TJ in those tissuC$. 

An initial r('placemcnt dose of L-thyroxine is 
20-40 !-IS kg-· d:tily in di"ided doses. Although it 
h:tS been suggested th:tt once daily dosing is suffi
cient in man)' uses (Nachreiner and Refsal, 1992), 
the author has documented se\'eral cases where 
once dail), administration h;\s biled 10 maintain 
adequate serum cOllcelltr;uions throughout the 
d:t)' with :t consequent failure of the cl inical signs 
to resolve fully. Poor absorption and a shorl half
life for T4 expl;\i n why dogs require higher doses 
and more frequent administr.uion than human 
p:ttients with hypothyroidism. 

Therapy shou ld always be continued for :t 
minimum of three monlhs. Im pro\'cd :lctivif)' and 
mental :t[crll1css is usu:tlly seen within twO weeks, 
but skin and hair eO;l.1 ch;l.ngcs may t;l.ke up to 6 
months to resolve. Improved le(t ventricular 
fUllction demonstrated by echociudiography and 
incre;uw amplitude of the P and R w,nes on 
ECG is detcc!;l,ble within two months (Panciera. 
1994). 

The effcct of m::ttment un be monitored by 
me;uurcment of post-pill serum T4 concenlra-

tions. S;l.mpiing at 4-6 h after dosing will give a 
pe:tk serum T4 concentr;l.lion and a sample taken 
just prior to dosing will gh'e the lowest serum T4 
concentration. The dose :lnd frequency of ;l.dmin
istntion should be ;adjusted to m;ainuin the 
serum T" concentntion within the norm;al nnge 
throughout Ihe da),. UnderdoSlge may le:td to 
tre:l tmenl failure ;l.nd o\'erdos;age (;tn lead to i:ltro
genic hyperthyroidism. Repl;l.cemem therapy is 
required for life. 

Cases of congenit;l. l hypothyroidism should be 
treated as early :ts possible to achieve norm;l.l 
growth ;l.nd development. Thc dose may require 
adjustment ;as Ihe p;l.tient grows ;l.nd gets older. 

L-triiodothyronine must be :ldminislered every 
8 h ;l.l a dosc of +-6 ",g kg-I. The disadvantages of 
this drug ;l. re its short h:l l(-life, expense and diffi
culty in monitoring. TrC;l. lInenl ..... ith synthetic TJ 
is rarely justified. 

Possible causes for eascs failing to respond to 
replacement therapy include misdiagnosis, inade
quate dose or frequency of administration, poor 
gastrointcstinal absorption and pcripheral tissue 
rC$lstancc. 

• Hyperlhyroldlsm 

H)'perthyroidism (th)frotoxicosis) is a multisys
[emic disorder rcsulting from excessive circulating 
concentn tions of T4 and/or. TJ. Hyper
thyroidism is the most common endocrine disor
der of the domestic C;l. t, but is rare in the dog. 

Functional :ldenomatous hyperplasi;l, (ade
nom;l.) affecting one or both thyroid lobes is the 
most common cause of feline hyperthyroidism. 
The p;l, thogenesis is unknown but the frequem 
involvement of both thyroid lobes would suggest 
a circulating fac tor may be involved. Th),roid car
cinoma is a rare cause of hyperthyroidism in the 
C:l t r rurrei t't al.. 1988). AltilOugh thyroid C;l. rci
noma is the major thyroid tumour of the dog, it is 
n rcly functional (l)cler50n et al., 1989). 

lalrogenie hyperthyroidism c:luscd b)' exccs
s;"e th)'roid hormone supplementation is recog
nized occasion;ally. 

Cllnlc, 1 signs 

Hyperthyroidism is a diselSe of middle-:.ged to 
older cats, with :t me:tn :lgc of J J years and range 
of 6-21 )'eus [Thod:ly and Moone),. 1992). O nly 
6% of hyperthyroid C:lts :lre younger than 10 
years of :tge ;at Ihe time of diagnosis. There is no 
breed or sex predisposition. 
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The clinical signs of hyperthyroidism relate 
to the excessive secretion of thyroid hormones 
and their gcner;al stimulatory effect on d iffe rent 
body systems. The frequency and severit), of 
the clinical signs arc highly varl;!,blc in cau with 
hyperthyroidism and arc influenced by the 
duration of hyperthyroidism, the ability of the 
body systems to cope with the demands 
imposed b y thyroid hormone excess and the 
presence of concomitant disease in the older 
animal. In most cases, the clinical signs of 
hypothyroidism :lfC slowly progressive with an 
insidious onset. Since most cats maintai n a good 
appetite and remain active for their age, owners 
frequently feci the cat is in good health unti l 
weight loss or other signs develop. The major 

r. rescnting sign is therefore progressive weight 
oss frequently accompanied by po lyphagia (Fig. 

39.8). Affected cats are o hen hyperactive and 
become irritable o r aggressive which can make 
clinical examination diffi cult. Polydipsia, 
po lyuria and intermittent gastrointestinal signs 
such as vomiting, diarrhoea and the passage of 
voluminous fatty faeces arc also common signs. 

Cardiac abno rmalities are frequently recog
nized in hypenhyroid cats. There is usually a 
tachycardia with a heart ra te in excess of 240 bealS 
per minute and systolic murmurs, g~J lop rhythms 
or dysrhythmias arc frC<J uently detected on aus
cultation. In severe cases, d inical signs of conges
tive hean fa ilure may develop and these may 
include d yspnoea, resulting from pulmon:try 
oedema or accumulation of pleural nuid. and 
uciles. The cardiac signs are :tssociated with 
cardio myopathy, usu:tlly the hypertro phic form, 
which develops secondari ly to excessi\'(' thyroid 
hormone secretion. Electroc:trdiographic :tbno r-

FIuure 39.8 A 14-year-old domestic shorthalr cat with 
hyperthyroidism illustrating Wflght loss. unkempt hair 
coat and reluctance 10 being restrained. 
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mali ties may include tachycardia, increased R 
wave amplitude particularly in lead II and various 
atrial and ventricular dysrhythmias and cond uc
tion d isturbances. 

Although there arc no specifi c skin lesions, the 
coat o f cats with hyperthyro idism is oh en man ed 
and unkempt. Affected c:us may also devdop hut 
intolerance with panti ng and dysphonia. 

Altho ugh most hypenhyroid cats arc po ly
phagic and hyperacti\'e, about 10% of cases are 
presented with severe depression and muscle 
weakness which may result in venl rofl exion of the 
neck. Weight loss remains a feature but is usually 
associated with ano rexia rather than increased 
appetite. This clinical present:ttion is referred to as 
'apathetic' hypenhyro id ism. 

In most cases, there is palpable enlargcment of 
one or both thyro id lobes. Thyroid palpation 
require.s both .skill and practice. The thyroid gland 
is not usuall y palpable in the normal cat. Enlarged 
lobes of the th yroid are usually located just dis t:tl 
to the larynx but can be quite mobile and descend 
down the neck and occasionally pus into the 
tho racic inlet. 

Laboratory findings 

Ro utine haematological and biochemical screen
ing tes ts are useful not o nly because resulu rna)' 
show alterations that suppon a di:tgnosis of 
h),penhyroid ism but may also indicate evidence 
o f concurrent d ise:l.Se in the o lder cat. 

The most frequent haemalOlogical change is a 
relative polycYlhaemia with a mild 10 moderate 
increase in red cell p;uameters (red blood cell 
count, packed cell volume and haemoglobin 
concentration). A mature neutrophilia with 
l)'mphopenia and eosinopenia is also common 
and probabl)' renects a stress response. However, 
eosinophilia and lymphocytosis are found in 
some cats with hyperthyroidi.sm. 

An increase in serum activity o f the enzymes 
alanine aminotransferase (AL T ), aspartate amino
tr:lnsfer;l.se (AS1). :tlkaline phosphatase (AP) and 
lactale dehydrogenase (LDH) is a frequent but 
non-specific fi ndi ng. The reason for the increase is 
not clear. Evidence of concurrent renal dysfu nc
lion in hyperthyroidism is commo n with mild to 
moderate elevatio ns in serum creatini ne and ure:t. 
These increase.s may be rcl:tted 10 inere:l.Sed pro
tein cat:tbolism and prerenal :tZOIaemia. C:treful 
consideratio n should be given to the method of 
lte;),tffient selecled for hypenhyroid cats with 
concomitant az,Olaemia since at least some of these 
cats will de\·elop clinical signs o f renal fai lure 
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C2USed by ;a deterior.uion in renal function when 
the hyperthyroid 513tt is corr«tw. 

Thyroid function I.sts 
Incrcued serum bualthyroid honnonc conccn
U'21ion5 ;Ire di;agnostic of hyperthyroidism. 'n the 
m3joriry of cues, both suum T4 2nd T3 coneen
Ir.ltions 2rt increased, o ftcn mukcdly, however in 
:l few caSes serum TJ conccmr.ttions arc in the 
norm;al range despite obvious dcvoation of the 
serum Tof conccnlr.t tion. There is, therefore, 
usually no 2dv:mu.gc in determining seru m TJ 
I:onccntr.uions and serum 10131 o r free T4 coneen
tr:uions provide:l reliable indication of hyperthy
roidism. 

About 5% of cases of hyperthyroidism have 
normal serum thyroid hormone conccmr;l.tions;u 
the lime of cXluninatioll 2nd this may be due to an 
carly St3gC o f the disc3.sc, signific:mt d3.ily f1u ctua
tiolls of thyroid hormo ne concentrations 
(Peterson et al., 1987) or the effect of concurrent 
non-thyroid3.! illness (Peterson and Gamble, 
1990). In such cties where hyperthyroidism is still 
suspected on clinin! grounds, 3. di3.gnostic Tot 
conuntntion may be obtained by re-testing in 
)~ weeks. 

Alternative diagnostic tests for equivocal cases 
of hyperthyroid ism include the TRH sti mulation 
test 3.nd the T) suppression test. For the TRH 
stimul3. tion tcst. TRH is administered at 3. dose 
of 0. 1 mg kg-' intm'enously with blood s.tmples 
taken before and .. h after injection. Serum tot3.1 
T" concentntions incre~ by mo re than 60% 
in healthy cats whereas most hyperthyroid cats 
stimubte by Itss th:an 50% (Peterson et al., 1994). 
Fo r the TJ suppression tCSt, a morning sample is 
collected for serum total T4 estimation and 25 mg 
o f triiodothyronine is gi \'en or:ally and the same 
dose repeated every 8 h for a total of seven doses. 
A second blood sample is collected fo r serum total 
'1'4 estimation at 2~ h after the final dose. Serum 
T4 concentrations show :It le:lst :l 50% suppres
sion of bas:ll Tot following T3 suppression 
whue:ls liltte or no suppression of Tot concenu'a
t ion occurs in hyperthyroid cu s (Peterson ct al., 
1990). 

Diagnostic Imaging 

H yperthyroid cats with secondary cardiomyopa
thy usually show cardiac eniugement which is 
evidenl on both radiographic :lnd echoc:lrdio
gr:aphic eX:lminations. H owe\'er, it is important to 
r«ognize th3.t signific:lnt concentric hypertrophy 
can occur without affecting the appcar:ance o f the 

cardi:lC silhoueu e on thoracic radiographs and the 
diagnosis of c:lrdiomyopathy in these C:lSes c:m 
only be m:lde fronl cchocardiogr:lphic fi ndings. 

Thyroid imaging using radiO:lcti\'e iod ine or 
technetium-99m is a useful diagnoStic tcchnique if 
gllmm:l camer:a hcilities arc :lV:lilllble. The tech
nique d etermines whether there is unilater3.1 o r 
bibteral lobe involvement which is V:lluable if 
.surgical thyroidectomy is 10 be performed. The 
tcchnique :llso determines any :llter:a tion in the 
position of the Ihyroid gl:1nd, Ihe rare cue o f 
:lbno rmal cctopic thyroid tissue within the 
thor.u, or the presence of dist;mt metut:lses from 
:l functional thyroid c:l((inom:l. 

T,eatment 
There arc three o ptio ns for treatmelll of hyper
thyroidism; antithyroid medication, surgical 
thryoidectomy :lnd r:ldioan;ve iodi ne. 

Medic:l1 management of hyperthyroidism using 
:lntithyroid drugs is ind iC3.ted to prep:lre hyper
thyroid cats for surgic:ll thyroidccto my in o rder 
to impro\·e their genent conditio n and reduce 
the risk o f complic:ltions arising d uring surgery. 
Antithyroid drugs ;tre :1lso recommended for the 
ini t i;tl !re:ltment of hyperthyroid C:lIS with con
current :1Zotaemia in order to llscert:lin whether 
significant delerior.uion in renal fu nction is likely 
to occur :llter medial contro l of the hyperthyroid 
st'3.te. If there is no deterioration in ren3.1 function 
ah er 3-4 weeks of treatlln:m , then surgiul 
thyroidectomy o r radioactive iodine ther:apy fo r 
hyperthyroidism c;tn be considered. Antithyroid 
drugs un also be used (or long-term management 
of hyperthyroidism panicul:lrly in cues where 
owners refuse surgic:lI tre3.tment. 

Cllrbimazole inhibits thyroid hormone synthe
sis :lnd is the antithyroid drug most widely used in 
the United Kingdom. It is :1 safe and effective 
fo rm of treatment and is undoubtedly the treal
melll of choice for aged C3.1S and those with con
current d isease. C:lrbimazole is rapidly converted 
into methi m:lzo le after oral administration :lnd 
melhim:l1.o le is the most w idely used antithyroid 
drug in the USA (Peterson ct al., 1988). 

C:lrbim:l1.ole is initially :lclministered :It :1 dose 
o f 5 mg orally three times d3.ily. Serum lotal 
thyroxine concentrations decrcue to within the 
reference range dler J-15 days (Mooney ~l al., 
1992). Within twO weeks, the dose can be: reduced 
in most cals to 5 mg of C:lrbimazole administered 
(wice daily and this is continued fo r the rem:linder 
o f the C:l t's life. Periodic assessment o f thyroid 
hormone is nccess3.ry to confirm th:l t the hyper-
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Conccntr.uions of serum ionized c~lcium above 
thl' set point inhibit PTH sttrction. T 0131 serum 
calcium consists of both ionized and protein
bound fraclions. Although serum prou:in-bound 
calcium is affected by scvcr:l1 (actors including the 
circutuing albumin conccmration :tnd acid-base 
Silt us. it is only the ionized calci um which is 
physiologically active. It is important 10 1pprtti
:IIC this. since most labor:llOric5 only mcuurc 
to[.1.l scru m C;l.lcium. 

PTH lends to ;ncrcue serum ionized calcium 
concentrations through a number of integrated 
actions. In the kidney, PTH increases IUbular 
rubsorplion of calcium ;tnd cnhlncc5 renal 
excretion of phosphOlIC. PTH also aCliv;IoICS la
hydroxylase. the renal cOl-ymc which converts 
25-hydroxycholecalciferol inlo Ihe active form of 
vi t:tmin 0 , 1,2S-dihydroxycholecalciferol (cal
citriol). Increased circulating 1,2S-dihydroxy
cholec:llciferol enhances calcium and phosph:lte 
absorption by Ihe imeslinl:. In bone. PTH pro
motl:! Ihe rdease of calcium and phosphale inlo 
Ihe extracd lular fluid by stimul:uing OSlt'OClast 
and oSleocyte activity :md by supprl:ssing 
oSlcobl:l.Slic activity. Thl: combination of calcium 
mobiliZ3tion from bone and retention of c:tlcium 
by Ihe kidnl:Ys causes the serum ionized calcium . . 
concentrallon to rise. 

C:tlcium plays an imporlam role in neuro
muscular excitability, membrane permeability, 
muscle cont r:l.ction, enzyme :l.ctivity, hormone 
rcle:tse :l.nd blood eO:l.gulation u we11 u acting 
as an essential structural component of the 
skdeton. 

• Hypoparathyroidism 

Hypop:trathyroidism is c:tused by inadequale 
production and secretion of IYfH (primary 
hypopar.uhyroidism) or, more rarely, by deficient 
end-organ responsiveness to circulalory JYfH 
(pseudohypoparathyroidism). The two most 
common causes of primary hypoparathyroidism 
arc i:urogenic injury or remo\'al of the para
Ihyroid glands during thyroidectomy (sec under 
treatment of hypcnhyroidism) and id iopathic 
hypoparalhyroidism due 10 destruction and 
alrophy of the p.lrJ.thyroid gb.nds. Idiopalhic 
hypoparathyroidism probably rcsuhs from 
immune-medi;1.led destruction of the par:llhyroid 
glands :!'lId this is supported by thl: diffuse lym
phocytic infiltrations found in the parathyroid 
glands of some affecled animals. 

Clinical J/gnJ 

Idiop;lthic hypopuathyroidism is rarl: but has 
bl:t"n reporlcd in thc dog and cat (Bruyclle :tnd 
Fddman. 1988; Peterson ct a/" 1991 ). The dise.ue 
affects young to middle-aged anim:!.ls of ":triou5 
brcl:ds. A female bias h:ts been reported in dogs. 

The clinical signs of hypoparathyroidism relatl: 
10 neuromuscular abnormalities thaI devdop 
secondary to h)'pocJIc:temia and include sl:izurl:s, 
convulsions, foc:tl trl:mbling or twitching, gl:nl:r
alized muscle fasciculations. ataxia. Stir! gait, 
wl:akncss, panting, anorexia :l.nd lethargy. Thl: fact 
that clinical signs lend 10 be intermittent and aTl: 
often precipilalcd by exercise, excitl:menl or 
stress. suggl:sts a physiologic:tl adaptation to 
sevl:re hypocalcaemia. 

Posterior Il:nlicular calaraCI formation can 
occur secondary 10 hypocalcaemia in dogs and 
cats. Eleclfocardiogl':\phy has shown prolonga
lion of QT interval in some cases of hypopara
thyroidism. 

Laboratory findings 

Profound hyponlcaemia (serum lot:tl c:tlcium 
less than 2.0 mmol I-I) and sevl:re h)'per
phosphatOll:mi:t (serum phosphate gre:tter than 
1.3 mmol I-I) with normal renal function (blood 
urea alld serum creatinine) arc found ill cases of 
primary hypopar;J.thyroidism. The differenti;J.1 
di;J.gnosis of hypoc;J.Ic:l.emia is given in T:tble 
39.9. 

PTH asU}'5 ;J.rl: a\'ai\able :l.nd h;J.vl: been 
validaled for usc in Ihl: dog ;J.nd C:l.I (Torrance 
and Nachrl:iner, 1989; Barbl:r rt al., 1'193). An 
inappropri;J.tcl}' low plasma JYfH concentration in 
a hypocalcaemic ;J.nimal is diagnoslic of primary 
hypoparathyroidism. Careful sample h:tndling is 
essential to avoid erroneous results si nce IYfH is 
heal labile. 

Table 39.9 Differenlial diagnosis 01 hypocalcaemia 

Pnmary hypoparathyrOIdISm 
Chrome renallallurt' 
tfypila lbum mae mlol' 
Intestillal maJabsorptlon' 
Acute p'ncrulibs' 
EClampsia 
Acute renal1311ure 
Etllylene glyCOl tOXicity 
Phosphate-rontalnmg enemas 

' NI» ~Ity associated with clinical SiQns 01 tetany 
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rre,'m6nl 
The treatment protocol for hypocalcaemia is 
outlined in Table 39.8; similar principles arc 
used when treating dogs and c:tts. Parenteral 
calcium preparations should be used as emer
gency therapy to correct hypocalcaemic teuny. 
Maintenance therapy using c:tlcium and viumin 
D supplemenL1tio n must be tailored to the indi
vidual patient and the dose :tdjusted according 
to the serum calcium concentration. Dihydro
tachysterol supplementation can prove expen
sive in larger dogs. Vitamin Dl at a dose of 
1000-6000 iu kg-I darl or calcitriol at a dose of 
0.03-0.06 ~g kg-I dar l may be used as alterna-

• lives. 
With adequate monitoring of the serum cal

cium concentration, the prognosis in cases of pri
mary hypoparathyroidism is usually excellent. 

• Hyperparathyroidism 

H yperparathyroidism can be primary or sec
ondary. Primary hyperparathyroidism is a dis
order resulting from autOnomous and excessive 
secretion of PTH by one or more of the parathy
roid glands. Secondary hyperpar:tthyroidism is an 
adaptive increase in PTH secretion as a result of a 
chronic stimulation from a tendency to reduced 
concentration of ionized c:tlcium in plasma. 
Secondary hyperparathyroidism may occur as a 
result of chronic renal failure (see Chapter 41) and 
calcium deficiency during growth (see C hapter 
44). 

Primary hyperparathyroidism is most com
monly caused by a small solitary p:trathyroid ade
noma. PTH excess may also be caused by nodular 
hyperplasia in one or more of the par:tthyroid 
glands (DeVries et al., 1993). Very rarely the dis
ease is caused by a parathyroid carcinoma (Berger 
and Feldman, t 987). 

Clinical signs 

Primary hyperparalhyroidism is an uneom mo n 
disease of older dogs and cats (Berger and 
Feldman, 1987; Kallet f!t at., 1991 ). There is no sex 
or breed predilection. 

The clinical signs in hyperparathyroidism arc 
variable. The disease may be asymptomatic o r 
may result in mild to severe systemic illness. The 
clinical signs relate to hypercalcaemia and include 
polyuria, polydipsia, anorexia, vomiting, depres
sion, muscle weakness, constipation and wei ght 
loss. 
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Clinical examination may reveal bradycardia. 
The small size of the parathyro id lesions mean 
th:H the nodules are rarel y palpable. 

Laboratory "ndlngs 

H ypercalcaemia (serum lotal calcium grealer than 
3.0 010101 I-I) and hypcrphosph:ttaemia (serum 
phosphate concentration less than 1.3 mmol I-I ) 
arc found in cases of primary hyperparathy
roidism provided renal function is normal. 
Prolonged increases in the circulating calcium 
concentration will faci litate calcium deposition in 
the kidneys causing renal function to deteriorate 
and serum phosphate concentrations to rise. If 
renal failure develops, primary hyperparalhy
roidism is difficult to differentiate from secondary 
renal hyperparathyroidism. 

The differential diagnosis of hypercalcaemia is 
given in Table 39. 10. Primary hyperparathy
roidism is an uncommon cause of hypercalc:temia 
(Ellion et a/., 19'11 ). 

Ci rcul:tting PTH concentrations are inappro
priatel y increased in animals with primary hyper
parathyro idism. The PTH assay provides a useful 
differentiation in hypercalcaemic patients because 
plasma PTH concentrations arc lo w in dogs 
with cancer-associated hypercalcaemia. Careful 
handling of the sample is essential to avoid 
erroneous results since PTH is heat labile. 

DI,gnosilc Im,glng 

Ultrasonographic examination of the parathyro id 
glands has been shown to be useful in the evalua
tion of hypercalcaemic dogs and can be used to 
identify hyperplastic parathyroid glands and 
parathyroid adenomas (Wisner et a/., 1993). 
Ultrasound examination o f the kidneys may also 
reveal the hyperechoic medullary band character
istic of nephrocalcinosis in the dog. The 
medullary band may be seen in normal cats. 

Table 39.10 Differential diagnosis of hypercalcaemia 

Cancer -aSSOCiated Irypercalcaemia 
Lymphoproliferalive disease 
A$locrille cell adenotardnoma ot the anal sac 
MuHlple myeloma 
Other solid tumours 

HypoadrenocortJeism 
Chrome renal failure 
Primary hyperparathyroidism 
Granulomaloo5 diseases, e.g. tha systemIC mycoses 
Vitamin OlnlOlOCatlon 

Avtc ozasc elOgradivo 



Table 39.11 Clinical signs of primary hypoadrenocorti
cism (in approximate decreasing order ollreQuency) 

Anorexia 
lethargy/depression 
Vomiting 
Weakness 
Weight loss 
Waxinwwaning course 
Dehydration 
DiarrhOea 
Previous response to therapy 
Collapse 
Hypothermia 
Slow capillary refill time 
Shaking 
Polyuria/polydipsia 
Melaena 
Weak pulse 
Bradycardia (.e; 60 bpm) 

lar disorders and diseases which cause weight loss. 
weakness, lnorexia, vomiti ng and diarrhoea. 

Laboratory findings 

The most common laboratory find ings are lis ted 
in Table 39.12. 

Table 39.12 Laboratory fmd ings In primary hypo
adrenocorticlsm 

Hlemalology 
lympllOcytosis 
Eosinophilia 
Relative neutropenia 
Anaemia: usually a normocytic. normochromic. non· 
regenerative anaemia. but can be blood loss anaemia 
associated with gastrointestll'lal haemorrhage 

BloChemlSlry 
Azotaemia 
Hypol'Iatraemia « t 35 mmot I_I ) 
Hyperkalaemia (> 5.5 mmoll-') 
Reduced sodlum:potassium ratio « 25:1) 
Reduted bicarbonate and total COt concentrations 
Hypochtoraemta 
Hypercalcaemia 
IfypOgtycaemla 

Urinalysis 
Specific gravity varia\)ie (usually 1.015-' .030) 

Endocrine testing 
low basat serum cortisol concentration with a lailure to 
stimulate in response to ACTH administration 
Raised plasma ACTH concentration 
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H3~m:Ho log ical ch).nges may include lympho
cytosis, eosinophilia and mild normocytic, nor
mochromic, non-regen~f;ltive anaemia. However, 
these findings arc not as consistent as those 
changes seen in hyperadrenocorticism. Normal or 
elevated eosinophil and lymphocyte counts in an 
ill animal with signs compatible with hypo
adrenocorticism arc significant, because the 
expected response to stress is eosinopenia and 
lymphopenia. The mild anaemia may not be 
obvious until the dog has been rehydrated since 
dehydration may mask the anaemia. 

The most consistent l:tboralOry findings in 
hypoadrenocorticism arc prerenal 3zotaemia, 
hyponatraemia and hyperkalaemia. Blood urC3 
and serum crutinine are increased as a result of 
reduced ren).l perfusion lnd decreased glomerular 
filtration rate. Reduced renal perfusion results 
from hypovolaemia, reduced cardiac output ).nd 
hypmension, which in turn result from chronic 
fluid loss through the kidneys, acute fluid loss 
through vomiting and/or diarrhoea, and inade
quate fluid intake. 

Prerenal azotaemia is usually associated with 
concentr.l.led urine (specifi c gravity >1.030) 
whereas the urine in primary renal failure is 
often isosthenuric o r only mildly concentrated 
( 1.008- 1.025). Some severe e:lSes of hypoadreno
corticism, however, may develop impaired con
centrating ability becausc the chronic sodium loss 
reduces the renal medullary concentr:uion 
gradient. Therefore, the laboratory findings may 
resemble those of chronic renal f3ilure. With 
adequate fluid therapy, the blood urea will return 
to norm31 in cues of hypoadrenoconicis m. 

Sod ium is usually less than 135 mmol I-L and 
potassium greater than 5.5 mmo l I-L. The r3tio of 
sodium to po tassium may be more reliable than 
the absolute values. The normal ratio of sodium to 
pot:lSsium varies between 27:1 and 40:1, whereas 
in patients with hypoadrenocorticism, the ratio is 
commonly less than 25:1 and may be below 20:1. 
Blood samples must be collected before intra
venous fluids are administered o therwise the 
electrolyte concentrations may quickly return to 
norm31. Even so, approxi mately 10% of cases 
may h3ve normal electrolyte concentrations at the 
time of presentatio n and th~se arc usually tho ught 
10 be e3riy C:lSes of hypoadrenocorticism. 

Mild 10 moder3te hypercalcaemia is seen in 
about a third of cases of hypoadrenocorticism, 
usually those dogs which arc most severely 
affected by the disease. Hypercalcaemia is caused 
by hacmoco ncentratio n. incr~3sed renal tubular 
reabsorption and decreased glomerular filtration. 
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Cues of hyp03drcnoconicisnt have a tendency fO 

develop hypoglycacmia because glucocorticoid 
deficiency reduces glucose production by the liver 
and peripheral cell receptors become more sensi
tive fO insul in. Severe hypoglycaentia is uncom 
mon (Willard et al., 1982) but the potemial shou ld 
remain a concern for the clinici3n. 

Electrocardiographic findings 

1-1 yperk313emia impairs cardiac conduction which 
can be 3ssessed by electrocardiography (ECG ) 
(Fig. 39.10). Although the ECG ch;lOges do not 

Figure 39.10 An ECG recording ftom a bearded collie 
dog with hypoadrenocorticism demonstrating absent P 
waves, marked bradycardia and peaked T waves. Plasma 
sodium was 136 mmol I" and plasma potassium 
9.3 mmoll". 

correlate directl y with serum pOI':lssiu m levels, the 
followi ng guidelines have proved helpful: 

> 5.5 mmoll" 

> 6.5 mmoll-' 
> 7.0 mmoll-' 

> 8.5 mmoll" 

J><'~kinb of the: T W~,·" 
sho rt"ning of Ihe Q-T inlcr\';ll 
increuc:d QRS dur:uion 
p .... ~ ...... J.mplitude: d ... .:re:uW 
P· R im"TVJ.1 prolonged 
P wJ. ...... ab5C1II 
5C"crC bDJ ycndiJ. 
(sino"cnuiculu rhythm) 

Electrocardiography can also be used for moni
toring the padent during tre;ttment. 

Radiographic findings 

D ogs with hypoadrenoconieism ma), show r;td io· 
graphic signs o f hypovolaemia which include 
microc:lrdi;t, dccrc:1sed size of pulmo nary vessels 
and reduced size of the caudal \'ena cava. The 
changes arc not specific and only represent changes 
associ:1too with hypo\'olaemia and dehydration 
irrespecti\'e of the e:lUsc. A few dogs with hypoad-

renoconicislll de ... elop oesophageal d ilatation :l.S a 
result of generalized muscle weakness and this can 
be secn o n thoracic radiographs (Burrows, 1987). 

Endocrine testing 

The AC fl-l s timulation test is commonly used to 
confirm the presence o f hypoadrenocorticism and 
the protocol is described in Table 39. 16. The 
intravenous preparation of ACfH (telracouctin) 
should be used ;tS absorption by other routes can 
not be relied on if the patient is collapsed or 
severely hypOiensi \'e. In hypoadrenoconicism, 
the resting conisol lcvcl will bc low with a sub
normal or negligible response to ACfH (sec Fig. 
39.15). Thc ACTH stimulation tes t, however, 
docs nOi distinguish between primary and sC'c
ondary hypoadrenocorticism. 

PI:tSma ACfH com:cntrations arc required to 
differentiate primary and secondary hypoadreno
conicism. PI:tSma ACTH concentrations are low 
in second;try hypoadrenocorticism ;tnd markedly 
raised in prim;try hypoadrenocortieism. 

Treatment 

Acule primary hYPoldrenocorllclsm 
Aggressive intra\'enous nuid therapy using nor
mal saline should be used in the acute crisis to 

Ireat the hyperblaemia, which is life-threatening. 
The response to treatment is predicl3ble :1nd o hen 
dramatic. Glucose and insulin therap), or e31cium 
:1dministrat ion 3re therefore not usually requ ired 
for the treatnlelll of hyperkalaemia due to hypo 
adrenocomcism. The serum pot:tSsium falls 
because of the dilution effect of the saline 3nd the 
improvement in renal perfusion. The increased 
renal blood now allows further excretion of 
pot:lssium into the urine. 

G lucocorticoid therapy should be used early in 
the tre:1 tment of the acu te crisis. Once the :lnim:ll 
has improved with saline and glucocorticoids, 
mainten:lJlee therapy with mineraloconicoids 
can be instig:lted (sec bclow). G lucocorticoids of 
choice in lhe acute crisis include: 

• hydrocortisone sodiu m 
• sucelOate 

• prednisolone sodium 
• succmate 

• dex:lmethasonc sodium 
phosphate 

10 mg kg- ' i.v. 
repeated every 3-6 h 
5 mg kif ' i.v. 
repeated cvery 3-6 h 
0.5- 1.0 mg kg~1 i.\'. 

. 
gIven o nce 

If plasma cortisol concentrations arc to be mea
sured for the diagnosis o f hypoadrenoconicism, 
d,en dexamethasone should be used as the other 
preparations cross·react with cortisol in the :tSsay. 



Piruiury·dependent hyperadrenocorticism is 
usually 3. disease of the middlc-3.ged to oldcr dog, 
with an age range of 2-16 years and a median 
age of 7-9 years. Dogs with adrenal-dependent 
hyperadrenocorticism tend to be older with a 
t:mge of between 6 and 16 years and a median age 
of 10-1 t years (Reusch and Feldman, 1991). 

There is no significant difference in sex diSlfih
ution in pituitary-dependent hyperadrenocorti
cism, however, female dogs arc three times more 
likely to develop adrenal rumours than males. 

Affected dogs usually develop a classic combi· 
nation or clinical signs associated with increased 
glucocorticoid levels and thesc are listed in Table 
39.13 in approximate decreasing order of fre 
quency. Larger breeds of dogs, howe\'er. rna)' not 
show all the classic signs. 

H yperadrenocorticism has an insidious onset 
and is slowly progressive over many months or 
even years. Many owners consider the early signs 
as part of the normal ageing process of their dog. 
In a few cases, clinical signs may be imerminem, 
with periods of remission and rdapse (Peterson e l 

al., t982b) and in other cases there may be rapid 
onset and progression of clinical signs. 

Polydipsia, defined as water intake in excess of 
100 ml kg-I body weight day-I and polyuria, 
defined as urine production in excess of 50 ml kg-' 
body weight day-' , are seen in virtually all cases of 
hyperadrenocorticism. Excessive thirst, nocturia 
and/or urination in the house are usually noted by 
owners. The polydipsia occu rs secondary [Q the 
polyuria, which is only partially responsive 10 

water deprivation. The precise cause of the 
polyuria remains obscure, but may be due to 

incrcased glomerular filtration rate. inhibition of 
the rdease of ADH, inhibition of the action of 
ADH on the renal tubules or possibly aeeclerated 
inactivation of ADH. 

Table 39.13 Clinical signs 01 hyperadrenocortiCism (in 
approximate decreasing order 01 freQuency) 

Polydipsia and polyuna 
Polyphagia 
Abdominal distenSion 
Uver enlargement 
Muscle wastingtweakness 
lethargy. poor exerelsa tolerance 
Skm changes 
Alopecia 
Pef5lstent anoestrus or lesticular atrophy 
Gak:lnosls culls 
Myotonia 
Neurological signs 
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Increased appetite is common but most owners 
ohen assess this 2S a sign of good he2lth. A vora· 
cious appetite, scavenging or stealing food, how
ever, may give rise to concern especially if th(' dog 
pre\'iously had a poor appetite. Polyphagia is 
assumed to be a direct effect of glucocorticoids. 

The pot· bellied appearance is very common in 
hyperadrenocorticism but may be so gndual that 
owners fail to recognize its significance (Fig. 
39.12). The abdominal distension is associated 
with redistribution of fat to the abdomen, liver 
enbrgemenl and abdominal muscle wasting and 
weakness. The weakness of the abdominal mus
cles make palpation of the pendulous abdomen 
easier and more rewarding. 

The gradual onset of lethargy and poor excrcise 
tolerance are usually considered by most owners 
to be compatible with ageing. Only when muscle 
weakness is severe as reflected by an inability to 
climb stai rs or jump into the car docs the owner 
become concerned. Lethargy, excessive panting 
and poor exercise tolennce are probably an 
expression of muscle wasting and weakness. 
Apan from the development of a pendulous 
abdomen, decreased muscle mass may be noted 
around the limbs, over the spine or over the 
temporal region. Muscle weakness is the result of 
muscle wasting caused by protein catabolism. 

Occ:uionally. dogs with hyperadrenocorticism 
develop myotonia, characterized by persistent 
active muscle contractions that continue after vol
umary or involumary stimuli. All limbs may be 
affected. hut the signs arc usually more severe in 
the hind legs. The animals with myotonia walk 
with a stiff stilted gait. The anected limbs arc rigid 
and r.tpidly return to extension after being pas
sively fl exed. Spinal reflexes 3re difficult to elicit 
because of the rigidity, but pain sensation is 

Figure 39.12 A 10-year-old bearded collie dog with 
hyperadrenocorticism illustrating symmetrical alopecia 
and a distended abdomen. 
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Tlble 39.14 Laboratory findings in hyperadreno
corticism 

Haemalology 
lymphopenia «15x1(I"") 
EOSinopenia «0,2x lO't' , 
N~utrophlba 

Mooocytosis 
Erythrocytosis 

BiDchemlstry 
Increased aJkalille phosphatase (often markedly 

elevated) Dog only 
Increased AlT 
High normallastlno blood glucose. Rarely drabetlc 

except lor the cat. 
Oecr~ased blood urea 
Increased cholesterol (>8 mmoj t l) 
Upaemia 
Increased bile acid concentrations 

Urinalysis 
Urine specllic gravity <1 .015 
Glycosuria «1 0'Y0 01 canifM cases) 
Urinary tract Inlection 

Other findings 
low T 4 concentratIOns 
SubflOrmal T4 response 10 TSH or TRH stimulatIOn 

thought that excessive glucocorticoids result in 
decreased capillary margination and diapedesis 
and increased release from the bone marrow. The 
red cdl count is usually normal, although mild 
polyeythaemia may occasionally be noted. 
Platelet counts may 21so be elevated. These find
ings 2re thought to result from stimul:llory effects 
of glucocorticoids on the bone marrow. 

Glueocorticoids, both endogenous or exoge
nous, induce a specific hepatic isoenzyme of alka
line phosphataSe in the dog. The increase in serum 
alk21ine phosphatase is commonly 5-40 times 
the normal level and is perhaps one of the most 
reliable indicators of hyperadrenoco rticism. 
Measurement of the speci fi c steroid-induced 
isoenzyme of alkaline phosph:uase has been used 
for more accurate assessment o f elevated serum 
alk;aJine phosphatase activity (Oluju et aI., 1984 ). 
A marked increase in serum alkaline phosphatase 
is rarely secn in cats with hyperadrenocorticism, 
because they do not poss~ss a steroid-induced 
isoenzyme and have the ability to c1~ar serum of 
excess 2lkaline phosphat2se. 

Alanin~ aminotransferase (AL n is commonly 
~Ievated in hyperadrenocorticism, but the 
increase is usually only mild and is believed to 
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resuh from liver damage caused by swollen 
hepatocytes due to glycogen storage. 

Blood glucose is usually in the high norm:!.1 
range, but about 10% of canine cases will develop 
overt diabetes mellitus. The gluconeogenic effect 
of glucocorticoids resullS in insulin antagonism 
and subsequent d~velopment of pancreatic islet 
cell exhaustion. The cat appears more prone to 
developing hyperglycaemia and overt diabetes. In 
contrast to the dog where polydipsia and polyu ria 
:!.re among the earliest clinical signs of hyper
adr~nocorticism, the onset of pol ydipsia and 
polyuria is delayed in the cat 2nd coincides with 
the development of moderate to sever~ hyper
glycaemia and glycosuria. H yperadrenocorticism 
should be suspttted in any cat which requires 
high daily insulin doses to control the hypergly
caemia and gl}'cosuri:!. . 

Blood urea is usually below normal due to the 
continual urinary loss associated with glucocor
ticoid-induced diuresis. Serum creatinine concen
tration also t ~nds to be in the low to normal range. 

C holesterol and lipid concentrations arc usu
ally increllsed due to glucocorticoid stimulation of 
lipolysis. Cholesterol is usuall y greater than 8 
mmol l-' but this is not a specific finding as chol
esterol is :!.Iso raised in hypothyroidism, diabetes 
mellitus, chronic liver disease and chronic renal 
disease, all of which may be differential diagnoses. 
Lipaemia is important as it can interfere with the 
accurate assessment of a number of laboratory 
parOlmeters. 

The spttific gravity of the urine is usuall y 
less than 1.015 and is often hyposthenuric 
« 1.010) provided water has not been withheld. 
Dogs with hyperadrenocorticism can concen
trate their urine if water is deprived, bUi 
their concentr:tting ability is usually reduced. 
Glycosuria is present in the 10% of cases with 
diabetes mellitus. Urinary tTaCt inftt tion is 
common and occurs in about half the cases of 
hyperadrenocorticism. 

Basal thyroxine concentTations arc decreased 
in about 70% o f dogs with hypcr:tdrenocorti
cism (Peterson ct al., 1984). This is, in part, due 
to inhibition of thyrotrophin-releasing hornlo ne 
(fRH) and reduced pituitary secretion of thy
roid-stimulating hormone (fSH). Excess corti
sol, however, may also alter thyroid ho rmone 
binding to plasma proteins and enhance the 
metabolism o f thyroid hormone. The response 
to stimulation by TSH usually par:tllels normal 
dogs but thyroxine concentrations both before 
and after stimulation with TSH are subnormal 
(Peterson ct al., 1984). 
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structed pulmonary vasculature (Fluckiger and 
Gomez. 1984). However in some cases of pul 
monary thromboembo lism, the radiographs may 
reve:tl no abnonn:tlities. 

Abdominal ultrasonography has been used [0 

ex:tminc the adrenal glands. It is 3. challenge fo r 
the uhrasonographer [0 consistently d isti nguish 
betwccn norm:tl 2nd hyperplas tic adrenal glands 
since the diagnosis of adren21 hyperplasia is some
what subjective. The measurement of the thickness 
(ventrodorsal dimension) o f the adren3.1 gland has 
been shown to be more sensitive than either the 
length o r width of the gland. A thickness o f greater 
than 7.5 mm for the left adrenal gl3.nd is considered 
to provide the best sensitivity and specifi city as a 
diagnostic test for canine pitu ilary-dependent 
hyperadrenoconicism (Banez t!t al., 1995). 

Abdo minal ultrasonography can also detect 
large adrenoconical tumours (Kantrowilz et al., 
1986). Adrenal masses arc diagnosed by the loca
tion of the mus 3.nd clinical signs exhibited by the 
animal. There is a propensity fo r adrenal tumours 
to invade nearby vessels and surro unding tissues, 
therefore a thorough ult rasonographic examina
tio n of adjacent vessels and tissues should be 
performed. Mineralization is frequently associ
:ued with benign and malignant adrenocon ical 
tumours in the dog and acoustic shado wing may 
aid in localizing the adrenal tumour. If an 3.drenal 
mass is identified, the li\'er should also be exam
ined ultrasonographically for evidence of hepatic 
metastases. 
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Computed to mography (CT) and magnetic res
onance imaging (MRI) have proved helpful in the 
diagnosis of 3.drenallumours, :tdrenal hyperplasia 
and large pituitary tumours but these techniques 
arc expensive and nO[ widel y av:tilable (Voorhout 
er al., 1988; Benoy el al. , 1995). 

Endocrinl ICrBlnlng tfllts 

A prC'sumplive diagnosis of hyper:tdrenocorti
cism can be made from dinical signs, physic3.1 
examination, rouline labo ratory tests and 
radiographic fi ndings, but the diagnosis must be 
co nfi rmed by either ACTH stimulatio n test or a 
low-dose dex3.methasone suppression test. 

ACTH stimulation tlst 
The pro tocol fo r the ACTH stimul atio n test is 
show n in Table 39. 16. It is the best sc reening 
test for distin guishing spontaneous fro m 
iatrogenic hyperadrenoconicism 3.nd reliably 
identifies mo re th3.n 50% o f dogs with 
adrenal-depe ndent hyperadrenocorticism and 
about 85 % of dogs with p ituitary-dependent 
hyperadrenocorticism. It is a simple tCSt to 
perform and the only one that documents 
excessive productio n of glucocorticoids by the 
adrenal cortex. The informatio n gained also 
prov ides a baseline fo r mo nito ring mito13.ne 
therapy. 

However, the ACTH stimulation test docs 
not reliably differentiate adrenal-dependent from 
piluiu.ry-dependcnt hyperadrenoconicism. A 

llb1139.16 Protocols for endocrine screening tests for hyper- and hypoadrenocorticism 

The ACTH a lmulallon 1" 1 
• Collect 3 ml plasma Of serum sample lor basal cortisol concentration.' 
• Inject 0.25 mg 01 synthelJC ACTH (tetracosactnn, SynaClllen, Ciba) mtravt!flOtlsly 10 dOGS OVIlf 5 to Use only 0.t25 mg In 

dogs less Ihan 5 kg and in caiS. 
• Collect a second samp~ lor cortisol concentrallon 30-60 min laler. 

• The recent admmistration 01 glucocortlcoids SUCh as hydrocortisone. prednisolone or prednisone may result in elevated OOt· 
bsol concentrations due to cross·reactlVlty in many cortisol assays Ftlr thiS reason glLlCOCOrtlcoids stlOuld be Withheld for at 
least 24 hours before testing There is flO Closs-reactMty WlIh delC3metilasone. but deumetilasone WIll suppress cortisol 
roncentrations '" patients wilh an Intact IlypolhaJamlc-piluitary adrenalaxJs. 

Thl low·doll duamelhasone screening luI 
• Collect 3 ml plasma or serum sample lor conisGi determination. 
• Inject 0.01 mO kg-' of dexamethasone intravenously. 
• Collect a second samp~ lor cortisol concentration 4 h !ater and a third sample 8 hatter deKamethasone administration. 

The urlnl corl lco id:creatlnlne ralia 
• Urine (5 ml) Is collected in the mornlllO lor cortisol and creatmine measurements. IllS prelerable lor the dog to be at home 

lor Ihis lest so !hat it is as little stressed as possible Tile urine cort/COkI:creatinine ral!o Is determined by dividing the unne 
cortisol concentration (In llmol 1-' ) by tile urine creatimA! roncentralfon (in IImol l 'I. 
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Fioure 20 .2 A non-diagnostic lymph node aspirate. 
Poor technique during smear preparation has resulled in 
severe cellular and nuclear disruption. May-Grunwald 
Glemsa: original magnification x125. 

• 

Fioure 20.3 Fine-needle aspirate taken from the necrotic 
centre of an enlarged submandibular lymph node. This 
aspirate consisted of a large number of degenerate neu
!rophils and fewer macrophages. There was no clear 
indication that this node was neoplastic although subse
quent histopathological examination showed that this 
was the case (lymphoma). May-GrOnwaJd Giemsa x50. 

Fioure 20.4 (a) Fine needle aspirate 01 a reactive lymph node showing lymphoid hyperplasia. The aspirate is moder
ately haemodiluted. The nucleated cells present. with the exception of the single neutrophil. are small or medium-sized 
lymphocytes showing clumping of nuclear chromatin. (b) Fine needle aspirate of a lymph node from a dog with 
Immune-mediated polyarthritis. This consists of a mixed population of small and medium-sized lymphocytes, plasma 
cells. neutrophils and macrophages. The number of Iymphoblasts comprised tess than 100/. of the nucleated cells 
counted. The Increased number of plasma cells presenl suggests a degree of antigenic stimulation. May-Grfinwald 
Giemsa. (a) x250; (b) x50. 

Flour. 20.5 Ane needle aspirate of the submandibular 
lymph node of a dog showing unequivocal evidence of 
lymphoid malignancy (lymphoma) . A monomorphic 
population of pieomorphlc Iymphoblasts Is present. Note 
the extreme variation in nucleolar size, shape and num
ber. The cytology in this case is consistent with a diag
nosis of lymphoblastic lymphoma. May-Grunwald 
Giemsa x250. 
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Figun! 20.6 Flne needle aspirate 01 a submandibular 
lymph node showing a central cluster of non-lymphoid, 
spindle-shaped cells. These cells represented a metasta
tic tumour deposit from a fibrosarcoma. May-Griinwald 
Glemsa x250. 

Figure 23.1 A cluster 01 neoplastic urothehal cells in a 
Giemsa-slalned preparation of urine sediment from a 
dog with a transitional cell carcinoma of the bladder wall. 
Note the irregular way in which the cells are arranged 
and the variable nuclear:cytoplasmic ratio May-Griinwald 
Giemsa x125 . 

• 

Fillure 23.2 Prostatic wash from a dog with acule 
prostatitis. Note the degenerate appearance of the neu
trophils, a lew of which contained intracellular bacteria. 
May-Griinwald Giemsa x250. 

• • ••• • • • • •• 
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Figure 23.3 Prostatic wash from a dog with benign 
hyperplasia of the prostate gland. l arge sheets of epi
thelial cells are present. The cells appear uniform with 
respect to size and shape. May-Grunwald Giemsa x125. 

• 
• 

• 
• 

a . 

Figure 23.4 This prostatic wash contains large numbers 
of keratinized or partially keratinized urothelial cells con
sistent with squamous metaplasia of the prostate gland. 
Squamous metaplasia may be seen with functional 
Sertoli celi tumours in response to high circulating 
oestrogen levels. May-Grunwald Giemsa x125. 

Figure 23.5 This fine needle aspirate of the prostate 
gland from a dOO with a large prostatic carcinoma was 
taken under ultrasound guidance. An irregular cluster of 
urolhelial ceUs Is present. The cells are showing marked 
variation In cell size. nuclear:cytoptasmic ratio, and nucle
olar number, size and shape. May-Griinwald Giemsa x125. 
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Figure 40.3 Schematic representation 01 the changes in peripheral plasma oestrogen, lH and progesterone 
concentration during the pregnant oestrous cycle ol lhe bitch. 
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Figure 40.4 Schematic representation 01 peripheral plasma progesterone concentrations during metoestrus 
(dioestrus) and pregnancy of the bitch. 
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reach puberty at an earlier age than large or giant 
breeds. Bitches that do not demonstrate oestrus 
behaviour at the anticipated age are considered to 
have delayed puberty. H owe\'er, investigation of 
such cases should not commence until the bitch 
has reached 24 months of age, and has been care
fully observed for signs o f oestrus and if possible 
has been housed with another bitch in oestrus 
Uohnston, 1991 ). The investigation of delayed 
puberty involves coll l,.'Ction o f information on 
housing and diet since poor C'nvironmental condi
tions and nutrition may be associated with failure 
to cyele (Christiansen, 1984), and a thorough clin
ical examination to rule out chronic debililating 
disease. It has been suggested that bitches cycle 
within I to 6 mo nths o f auaining adult height and 
weight (Feldman and Nelson, I 987a). Plasma 
progesterone concentration shou ld be measured 
to ensure that the bitch has not recently ovulated 
at an unobserved oestrus. 

There has been increasing interest in the rela
tionship between thyroid hormone insufficiency 
and abnormalities o f the oestrouS cycle (Manning, 
1979; Johnston, 1989a). The potential mechanism 
of this abnormality has not been full y established, 
however prolactin is released after the injection of 
thyrotrophin releasing hormone (fRH) (Reimers 
ct al., 1978), therefore factors which affect 
endogenous TRH releasc probably affect pro
lactin and thyroid function (Concanno n, 1986). 
H ypothyro idism has been associated with pro
longed anoestrus and infertility. Low concentra
tions of plasma thyroid hormones and failure to 

respond to a stimulation test may be used to con
firm the condition, although clinically these ani 
mals usually have dassical clinical signs associated 
with hypothyroidism (see C hapter 39). After cor
rect replacement thef'3py most bitehcs will cycle 
within 6 months. H ypothyroidism in greyhounds 
has been shown not to be related 10 poor repro 
ductive function (Beale f.' t al., 1992). 

Pr%ngBd anoBstrus 

There are several causes of f:l. ilure o f normal 
reproductive cyclicity. However, :l. common 
problem is the f3ilure of observ2tion o f the signs 
of oeStrus. This may occur in fas tidious bitches 
which quickly remove 2ny vaginal discharge, or 
when the dischuge is scant. In bitches examined 
fo r 2bnorm21 cyclicity, pluma progesterone con
centf'3tio ns should be est2blished. Elevated con
ccntr.lIions (greater than 2 ng ml-1

) will ind icate 
missed o vari2n 2ctivity within the previo us 2 
months. 
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The 2verage imcroestrus interv:l.1 is 31 weeks 
(Rowlands, 1950) and 2lthough there is some vari
ation around this mean value this has no apparent 
effect on fertil ity. Certain bn. .. eds, for example the 
basenji, cyde o nly o nce per ycar. The reason for 
these vari3tio ns is unclear. Prolonged anoestrus 
therefore represents an imeroestrus imerval 
greater than anticip3ted for that particular animal. 
Invcstigation of thyro id fun ction as described 
above is indic2ted in these cases. 

Progesterone-producing ovarian cysts have 
been described in the bitch, producing prolonged 
interoestrus intervals and cyStic endometrial 
hyperplasi3 (Burke, 1986). The cystS can be iden
tified using ultrasonography or radiology and the 
diagnosis eonfirmccl by serial measurement o f 
plasma progesterone concentratio n. 

Drug-induced anoestrus should also be consid
ered when the imcroestral interval is prolonged. 
Pharmaceutical preparations that ha\'e the ability to 
prcwnt ot.'Slrus include glucocortico ids, anabolic 
steroids :IS well as :lndrogens :l.nd progestogens. 

Oestrus induction may be attempted if there is 
no u nderlying disease and if breeding is essential. 
This has been attempted using oml oest rogens 
alone (5 mg diethylstilboestrol daily) given orally 
until 2 days after the signs o f oestrus (Boueh:lrd f.'t 
al., 1993) or combined with LI-l and FSH (Moses 
and Shille, 1988). The latter method is not always 
successful (Shille et a/., 1989). Pharm:1cologic:11 
doses o f gonadotrophins may stimulate oestrus 
and ovulation. Arnold et al. (1989) used 20 IU kg-I 
equine chorionic gonadotrophin (eCG) daily 
intr:tmuscularly for 5 days and a single intra
muscular injection of 500 lU human chorionic 
gonadotrophin (hCG) on the fifth day. This gave 
good results although plasma oestro gen concen
trations were high and might therefore interfere 
with gamcte transport (England and Allen, 1991 a). 
Oestrus induction has also been attempted usi ng 
pulsatile intravenous administration o f GnRH 
(Vanderlip I.'l II!., 1987), GnRH superagonists 
(Concannon, 1989) and prolactin antago nists such 
as cabergoline, bromocriptine and metergoline 
(Auskova f.'t al., 1974; H and:l.ja Kusuma and 
Tainurier, 1993; J eukenne and Vcrstcgen, 1997). 

SIIBnt oBsirus 

Some bitches have normal cyclical actwlty, 
including follicular growth and ovulation, with
out any external signs of proestrus o r oeStrus. 
Certain breeds, for example the greyhound, may 
have only s light serosangi neous discharge and 
minimal \'u l\'al swelling during oestrus. 
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remission, and it is freq uently necessary to use 
reducing dose regimes, [0 prevent recurrence. The 
use of dopamine agonists (bromocnptine, carber
golamine), which produce a rapid and prolonged 
inhibition of prolactin secretion, may be used in 
persistent cases. Bromocnptine is available in 
the UK and has bten shown to be effective for 
the control of pseudopregnancy at doses o f 
5).1.g kg-I day-I (Spicer, 1979; Allen, 1986), 
:a.lthough the drug causes vomiting and has there
fore not found wide acceptance Qochle et al., 
1989). Carbergoline and metergoline have a 
higher level of activity, longer duration of action 
and better tolerance than bromocriptine Qochle et 
al., 1987; Handaja Kusuma and Tainturier, 1993). 
Hysterectomy after the clinical signs have disap
peared will prevent subsequent recurrence. It is 
unwise to perform surgery while signs persist. 

Acrom,g.iy 

The chronic oversecretion of growth hormone 
may be induced by endogenous progesterone or 
exogenous progestogens (Concannon et al., 
1980a; Eigenmann and Venker-van Haagen, 
1981 ). This may C:luse an overgrowth of connec
Dve tissue in the 0(21, pharyngeal and l:lryngeal 
regions, producing inspiratory stridor and 
widened inte'rdenul spaces. Bitches may also be 
polydipsidpolyuric, have distended abdomens 
and excessive skin fold ing in the facial area. The 
polydipsia is associated with a secondary diabetes 
me'llitus (sec below), 

Progesterone-induced acromegaly is not 
uncommon in the bitch dunng the luteal phase', 
and signs regress as p rogesterone concentrations 
decline. Treatment of these cases is by ovario
hysterectomy although this may induce pseudo
pregnancy. 

During the lute:a.l phase of the cycle increased secre
tion of growth hormone is responsible for periph
eral insulin antagonism resulting in a transient 
reversible Type 1I diabetes (although the clinical 
signs may be severe). Diabetes may also occur dur
ing pregnancy; the sensitivity to insulin is reduced 
as early as 35 days after ovulation (McCann 
and Concanno n, 1983). Ovariohysterectomy of 
known diabetic bitches reduces the period of insta
bility associated with the luteal phase. 

R'productlre Drrln' 
The normal ovaries are positioned in the dorsal 
abdominal cavity immediately caudal to the kid-
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neys in close association with the abdominal wall. 
Each ovary is surrounded by a fatty bursa which 
prevents examination of the ovarian surface. 
During proestrus the ovary increases in sizc due 
to the development of multiple follicles. The folli
cles, which may reach 1 cm in diameter, undergo 
extensive luteiniz;l.tion during the preovulatory 
surge of LH; progcsterone is therefore produced 
before ovulation. A central fluid cavity persisits in 
young mature corpora lutea (Concannon et al., 
1 977a; England and Allen, 1989b). 

The narrow uterine tubes are confluent with 
the uterine horns. These arc relatively long and 
join caudally to form the uterine body. The vagina 
is long and is narrowed cr.mially by a dorso
median postcervical fold, which may be confused 
with the cervix. 

• Diseases of the ovary 

Ovarian agenesis 

failure of ovarian development is an uncommon 
and frequently unilateral defect that may be asso
ciated with agenesis of the ipsilateral uterine tube 
and horn. It does not cause infertility unless the 
changes arc bilateral in which case there is a con
tinued state of anoestrus, which fail s to respond to 
exogenous gonadotrophin administration. 

Ovarian cysts 

Cyst-like structures arc frequently identified on 
ovaries at routine' surgery. These arc often 
parabursal in origin, and have no significance on 
cyclicity or fertility. 

Follicular and luteal cysts have also been identi
fi ed (Dow, 1960). There is little clear information 
on the definitive diagnosis and treatment of these 
cysts although surgical removal has been reported 
in one bitch with polycystic ovaries (Vaden, 1978). 
Oestrogen-secreting follicu lar cysts may produce 
persistent oestrus (Burke, 1986). H owever, cases 
of persistent oestrus may spontaneously regress, 
presumably as a result of ovulation since a normal 
elevation of plasma progesterone follows. Oestrus 
lasting longer than 4 weeks is rare and may be 
associated with anaemia and thrombocytopenia. 
Ovulation may be induced using exogenous 
hormones (hCG, 500 IV kg-I, GnRH, 50).l.g 
total dose), although ovariohysterectomy may be 
required in unresponsive cases. It is not known if 
these cases represent ovarian follicu lar cySts. 
Solitary cySts lined by luteal tissue have also been 
identified (Dow, 1960), however the significance 
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of these is unclear. Burke (1986) suggested that 
progestl:rone-producing cyStS produced pro
longed anoestrus (sic) and cystic endometrial 
hyperplasia. 

Ovarian tumours 

These are not common in the bitch, accounting 
for approximately 1.0% of all neoplasms 
(Cotchin, 1961 ; Hayes and Han'ey. 1979); the 
mean age of occu rrence is 8 years (Withrow and 
Susancck, 1986). The tumours may be germ cell, 
epithelial or sex-cord stromal in origin. Ovari:tn 
tumours do not commonly metastasize and ue 
frequently endocrinologically inactive. The clini
c:tl signs arc usually related to a mass effect or 
ascites. Tumours which produce ho rmones may 
produce signs of persis tent oestrus and bone mar
row suppression (oesIrogen secreting) or cystic 
endometrial hypoplasia and pyometra (proges
tero ne secreting). 

Diagnosi s may be made o n the basis o f clinical 
signs, palpation, radiography and uhrasono
graphy. O"ariohystereclOmy is the treatment of 
choice; care sho uld be taken not to rupture 
neoplasms since metast:uic spread is often by 
transcodomic seeding. 

Intersexua/ity 

Intersexu:tlity is usually recognized because of 
abnormal phenotypic sex appearance. Intersex 
animals may be classified into those with abnor
malities of chromosomal, gonadal or phenOlypic 
sex. The recognition of abnormali ties o f chromo
somal sex requires the construction of a kary
otype. Generally these animals are phenotypic 
female o r males with underdeveloped genitalia. In 
the dog. abnormalities in chromosomal number 
(xxy, XXX, XO), chimeras and mosaics have 
been reported (Meyers-Wallen and Patterson, 
1986, 1989). Animals with abnorm:tlities of 
gonadal sex arc those in which chro mosomal and 
gonadal sex do not agree. This has been shown to 
be an autosomal recessive trait in the American 
cocker spaniel, and to be familial in other breeds 
(Meyers-Wallen and Patterson, 1988). These ani
mals may be categorized as (a) true hermaphro
dites with one ovotestis. oviducts and external 
female genitalia, (b) true hermaphrodites with 
ovotestis :tnd/or epididymides and masculinized 
external genitalia and (c) XX males. Females with 
abnormalities of phenotypic sex (female pseudo
hermaphrodites) have ovaries and xx chromo
somes. These arc masculinized due to exposure to 
exogeno us o r endogenous androgens ill lIuro. 

Intersexual animals may be sterile depending 
on the underlying abnormality. Common reasons 
for presentation of these females arc associated 
with clitoral hypertrophy (see later). The removal 
of the reproductive tract including gonads is usu
ally necessary, following which the clitoris may 
reduce in size, although subsequent clitoridec
tomy may be necessary. 

• Diseases of the uterus 

Aplasia of the tubular genital tract 

Aplasia of one segment of th(' uterin(' horn and/or 
uterine tube may not influence fertility if the 
contralateral side is normal. Bilateral agenesis is 
associated with infertility although the bitch may 
cycle, ovulate and mate normally. The condition 
is most frequently noted during routine ovario
hysterectomy. An unusual case of fibrosis of the 
uterine body has been described associated with 
dystocia (Dover, 1965). 

Radiographic diagnosis rna)' be made by injec
tion of radio-opaque cont rast medium into the 
cranial vagina during oestrus (Lagerstcdt, 1993), 
howevcr, poor filling of the uterine horns may 
normally occur. Laparotomy and laparoscopy are 
more valuable diagnostic tools. 

Cystic flndomfllrial hyperplasia - pyomflt" 

During metoestrus (dioest.rus) plasma proges
terone concentrations arc high. promoting 
endometrial growth and glandular secretion; 
changes which regress at the end of the luteal 
phase. However. with continuing cycles, the 
endometrium becomes thickened due to an 
increase in the size and number of endometrial 
glands, this is referred to as cystic endometrial 
hyperplasia (Fig. 40.5). The endometrial gland 
secretion may lead to the accumulation of fluid 
within the uterine lumen; termed mucoml.'tra 
or hydrometra (Nelson and Feldman, 1 986a). 
Bacterial contamination may occur during 
oestrus, when the cervix is relaxed, and be 
invo lved in the development o f pyometra during 
the following luteal phase. The aetiology is poorly 
understood, but this explanation is fa\'oured since 
the bacteria commonly isolated in cases of 
pyometra are commensal species no rmally iso
lated from the anus or urinary tract (\'on Baier ec 
al., 1958; Sandholm et aI., 1975). Howl.'\·er. "xper
imental infection of the uterus has failed to 
produce p)'ometra. The clinical disease may be 
induced by the therapeutic admi nistration of 
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FIIUtl .to.S Histological appearance of uterine tissue in 
a bitch with cystic endometrial hyperplasia. There is 
hyperplasia of the endometrium and cystic distension of 
the glandular regions. The section was stained with 
haemaloxylin and eosin: magnification, x 100. 

progestogen! (Pettit, 1965) and ocstrogens (for 
example fo r the treatment of unwanted matings) 
which enhance the stimulatory effeclS of proges
terone on the uterus (Nelson and Feldman, 
1986b), and may result in prolonged opening of 
the cervix. 

Pyometra commonly affects middle-aged and 
elderly bitches, although with the increased thera
peutic usc of progestogens and oestrogens, earlier 
presentation is not uncommon. There is no rela
tion to parity or previo us history of reproductive 
disease. 

The clinical signs may include vaginal dis
charge, lethargy, inappctance, polydipsia and 
polyuri;l, vomiting, nocturia, diarrhoea and 
:lbdominal enl:lrgement. In :tpproxim:ttdy one 
third of cases there is no vaginal dischargc and 
fluid is ret:tined within the uterus (Renton and 
Aughey, 1971). These cases of closed-cervix 
pyometra generally have an absolute neUirophilia, 
which is not necessarily present in cases of open
cervix fyo metra. Diagnosis can be made o n the 
basis 0 clinical findings together with the identi 
fi cation o f an enb.q;ed fluid-filled Utcrus using 
radiography or ultrasound examination. 

The treatment o f choice is ovariohysterectomy 
co mbined with .,ppropriate fluid therapy and 
administration of antimicrobi:l.l preparations. 
Some bitches have been successfully treated fol 
lowing the insenion of uterine drains (Gouriey, 
1975). Medical treatment with prostaglandin Flu 
has also been successfu l by causing cen'ic;!'\ relax
ation, myometri;!,1 contraction, lysis of corpor;!' 
lute:l. and a reduction in pl:l.sm;!' progesterone 
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concentr:ttio n (Sokolowski, 1980). Naturall}' 
occurring prostaglandins must be used at 
relatively low doses (0.25 mg kg-I daily or 
0. 125 mg kg-I twice d.,i1y for 5 days) to reduce 
their side effects o f 5.,livation, vo miting, diar
rhoe:t, dyspnoea, :tbdominal pain and tachycardia 
(Lein, 1983; Feldman and Nelson, 1986) . 
Synthetic prostaglandins are more potent and 
should be used with care. Longer treatment peri
ods are necessary in some cases, and de:tth during 
therapy has been reponed (Gilbert et al. , 1989). 
Prostaglandins are not recommended for use in 
cases of dosed-cervix pyometra because of the 
risk of utefine ruptufe (Renton et aI., 199]). 
Broad-spectrum antimicrobial thcrapy should 
always be administered since 10% o f bitches with 
pyometr:t are b;!'cteraemic (Nelson et aI., 1982). 
Gilben and et al. (1989) cured 82 % of bitches 
using prostaglandin and 22 % subsequentl y 
whelped. The lo ng-term complications were 
recurrent metritis, anoestrus, failure to conceive 
and abortio n. Surgical drainage of the uterus has 
been attempted to retain reproductive ability 
(Gourley, 1975). The success r;l, tes h;l,ve been 
variable and the technique is not recommended. 
Progesterone r«eptor antagonists such as RU486 
should be useful fo r the treatment of bitches with 
pyometra. A new :lnugo nist RU465]4 has been 
shown to be clinically efficacious (Breitkopf et aJ., 
1996); this product is commercially av.,ilable in 
France. 

MethomgiB 

The occurrence of a mucohaemorrhagic v:tginal 
discharge during the luteal phase of the cycle in 
clderly bitches has been associated with histologi
cal lesions within the ovaries and endometrium. 
Usually the bitches ;l,re clinically well. The treat
ment of choice is ovariohysterectomy. 

Uterine tumours 
Uterine tumours are uncommon (Brodey and 
Roszel, 1967) although leiomyomata are seen 
most frequentl y in o lder bilchc:s. These tumouflll 
are rarely associated with clinical signs and are 
frequently incidental findings at POSt mortem. 

Intersexuality 

Intersex animals may present with a r:tnge of 
abnormali ties of the lObular genitalia including 
hypoplastic ulerine horns :l.longside vasa deferen
tia. The aetio logy of intersexuality is discussed 
above. 
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• Diseases 01 the vagina and vestibule 

V,g/n,' hypopl,sia/spilli, 

ScgmenuJ aplasia of Ihe nlUllerian duct sysle'm 
may be partial and produce vaginal hypopl:uia, or 
be' complete and result in vaginal aplasia. The 
latter will resuh in infertility (Wadsworth ('t <Ii., 
1978; Hawe and Locb, 1984), and cause the' 
retention of ulerine fluid with si milar signs to 
pyome'tn. 

Radiographic diagnosis m:l.y b,. made' using a 
positive contrast v:l.ginogram. 

Hymen,' or vestibular eonstrid/ons 

Strictures of the' lowe'r reproductive' tract are com
mon in bitches. Circular strictures are usually 
found :l.t the' junction of the vestibule 3nd the' 
ngin3, :l.hhough vestibulovulvar SlriClures and 
cranially positioned transverse' fi brous bands arc 
sometimes pre'sent (Wykes and Soderberg, 1983). 

Vestibulovaginal stricture's may be anoci:l. te'd 
with signs of vul":l.1 pruriluS (Hoh and Sayle', 
198 1) or chronic vaginitis (SoderbC'rg, 1986.1) 
allhough they arc often only notcocl during 
aUe'mptcocl mating. Under general anacslhesia 
small constrictions and fi brous b:l.nds may be 
manuall y broken down, although surgical explo
ration vi:l. an episiotomy may be required for 
l:l. rger transverse bands. Surgery may be per
formcocl early in oestrus before mating. 

Prepubert" v,glnllls 

A purulent vaginal discharge is sometimes s«n in 
bitches from 2 months of age'. C linical signs 
include frcoqueOllicking, pcrivulval dermatitis and 
:l.tt racti,·eness 10 male dogs. Significant numbers 
of coagulase-positive su phylococci can be iso
lated, and the condition will respond temporarily 
to antimicrobi:l.l therapy. C linical siglls usually 
regress :l.fter the first oestrus (Burke. 1986) and 
treatment is not usually required; some cOnlrol 
may be :l.chie\·ed by the dail y adminiSlration of 
0.5 mg diethylstilhocstrol for 5 days. 

V'glnltls 

Many bacterial species are prescnt in the' v:l.gina of 
clinic;l lly normal bitches (Allen and Dagnall, 
1982; Baba et al., 1983). The aerobic commensals 
commonly isolated include Eschtrichia coli, 
staphylococci ll nd Str~ptococci (Olson and 
Mather. 1978; Allen and Dagn:l. lI , 1982). the 
majority of which probably originate from the 
skin and Ihe digestive traCt . Although the b"cter-

i:l. l flora changes after mating thcse changes arc nOI 
permanent (Allen and Dagnall, 1982). 

The' bacleria commonly isolated from bitches 
with v:l.ginitis are also usually commensals (Hirsh 
and Wiger, 1977; van Duijkercn, 1992). Bitches 
with vaginal discharge do OOt necessaril y have 
vaginitis; th~ differential diagnoses for vllginitis 
include: proestrus and OCJlrus, cYJlitis. pyome' tra, 
metritis, parturilion, subi nvolution of placelltal 
sites and juvenile vaginitis. Neutrophils arc fre
qUe'ntly present within the discharge of bitches 
with vaginitis, although they atC' also normally 
SCC'n in Ih co vaginal smear of any non-oestral bitch. 
Male dogs are frequently atlf2cted to a bitch with 
a vaginal discharge rcgllrdless of its cause. 

The aeliology of many cases of vaginilis often 
remains obscure. Specific causes include ccrtll in 
bacterial or viral infections (sec below), chemical 
irritation (co.g. urine), mechanical irritation (for
eign bod ies), neoplasia or anatomical abnormali
ties of Ihco vagina Oohnson, 1991 ). Diagnosis of 
the spc<:ific cause requires manual, endoscopic 
and contrast radiogn.phic examination of the cau
dal genitourinary tract. Removal of the underly
ing cause rapidly resuhs in a cure. However, in 
one study no causal factor was identified in )2% 
of cases Oohmon, 1991). The empirical treatment 
with systemic and topical antimicrobial agents 
may be of some' u lue. 

Specifi c infectious c:l.uses of v:l.ginitis include 
BruCC'ila c<lnis and herpes virus. BruCf'lla is not 
found in the UK and is the only specific bacterial 
cause' of infertili ty. Occasionally pure growths of 
a single bacterial species may be conside' rcd signif· 
iean!, howC"\'er pure growths m:l.y be isolaled from 
normal dogs (Bjurstrom and Linde-Forsberg, 
1992). II is, therefore', not ralional to uclude ani
mals from mating on the basis of vaginal cuhure 
of commen.u l bacteria such as beta-haemolytic 
streptococcI. 

Canine herp~s virus may cause genilallesions; 
bilches may develop vesicular vaginal or vestibu
lar lesions, with severe vaginitis being reported 
aft er experinlental infection (Hill and Mare, 
1974). Infection of the pregnant bitch may pro
duce small liners, late abortion, stillbirths and Ihe 
birth of underde'veloped pups (Poste and King, 
1971). Nconat2l infce-tion may-occur during 
passage of the' pup through the' birth canal 
(Hashimoto and Hirai, 1986). 

VSllln.' hyperplasia 

Vaginal hyperplasia (commonly termed prolapse) 
refl ects an llcce'ntuated response of the caudal 



pregnancy and late pregnancy. The engorged 
glands arc wann and painful but bitches arc gener· 
ally not systemically ill, and bacteria arc not 
isolated from the milk. 

The inflammation mly respond to milk 
removal, although this encourlges fu rther pro
duction. Therapy using diuretics may be required. 

A,.,.ct,. 
A lack of milk production in the bitch is rare, but 
an absence of milk letdown occurs mo re fre
quently especiall y in young nervous bitches, or 
bitches thlt hlve undergone an early elective 
caesarean operation. Inadequate nutri tion may 
also result in decreased. milk production. Failure 
of milk letdown may be treated with a single 
intramuscular injection of oxytocin (0.2-1.0 IV 
kg-I). This does not incre;uc mi lk production, and 
pups should be encouraged to suck to stim ulate 
milk letdown. 

M.mm.ry tumours 
Mammary tumours account for the largest pro
pon ion of neoplasms affecting the bitch. Two 
thirds of the tumours occur in glands 4 lnd 5, and 
in m;l.ny bitches several other glands are also 
involved (Withrow and Susaneck, 1986). The inci
dence o f neoplasia is significantly reduced follow
ing ov:uiohysterectomy before puberty (Schneider 
f!t al., 1969). Benign tumours (fibroadenomas) 
cause no clinical signs and there is no conclusive 
evidence that these are premalignant (Withrow and 
Susaneck, 1986). Malignant adenocarcinomas are 
usually adherent to the underlying musculature or 
to the skin, they increase in size rapidly and m;l.y 
ulcerate. A highly malignant inflammatory adeno
a rcinom;l. may cause c1inial signs si milar to mas
titis. Occasionally clinical signs :ue relatl-d to the 
respiratory system since metaStasis to the lungs is 
common. 

Radical su rgicli removal is the trealnlent of 
choice. Both oestrogen and progesterone recep
tors have been identified in malignant and benign 
tumours (Donnay rl al., 19(3), for Ihis rC:lson 
both androgens and progcstogens h:we been 
advocated to reduce tumour size before surgery. 
The amiocstrogen, tamoxifen has been used for 
the control o f m:lmmary neoplasia in the bitch 
(Morris et al., 1993; Ruben, \993), however the 
incidence of side effects which include \'uh'al 
swelling :tnd the presence of a vu lval discharge, 
attr:tct ivness to m:tle dogs and nesting beh:lviour 
may preclude the widespre:td use of this agent 
(Morris ~t aJ. , \993). 
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I THE QUEEN 

• Reproductive endocrinology 

The queen is :t season:llly po lyocSlrus induced 
ovulatorj eggs arc only ovulated afl er mating or 
artificial stimuluion (Greulich, 1934). There is no 
proestru s phase and oestral behaviou r occurs with 
few changes of the external genitalia. During the 
foll icular phase oestradiol concemruio ns are 
generally high although there is considerable 
variation (Verhage et a/., 1976; ShiUe el al., 1979). 
Copulation produces a r:tpid pituit lry-med i;l.ted 
release of LH (Robinso n and Sawyer, 1987); usu
ally multiple copulations are required to induce 
ovulation (Concannon et al., 1980b). 

Progesterone concentratio ns remain basal until 
after the mating-induced LH surge, and increase 
coincidentally with ovulation (Schmidt ct al., 
1983); peak values ;l. re reached after 1 mo nth (Fig. 
40.9). From this time, progesterone concentra
tions in non-pregnant que.-ens decline whereas 
they arc maintained for a funher 2S-28 days dur
ing pregnancy. Queens that ha\'e ovulated but :tre 
not pregnall! (pseudopregnant) do not return to 
oeStrus until aft er the decline in plasma proges
terone concentration. 

Prol:tctin concentrations are elevated in the last 
th ird of pregnancy and during lactation (Banks 
and Stabenfe1dt, 1983). There arc no signifiu ll! 
changes in prolactin concentration during 
pseudopregnancy (Christiansen, 1<)84). 

• Abnormal endocrinological events 

Delayed puberty 

The onset of the first oestrus is usually :it 6-10 
months of age, however this is influenced by body 
weight :tnd se:lSon of birth. Puberty freq uently 
occurs during the spring, therdore females born 
in autumn o r winter may not reach puberty until 
the subsequent spring when they arc at least 12 
months o ld. Queens which do not demonstrate 
oeStrus behaviour after Ihi, age may ~ investi
g;ued similarly to those with prolonged anoestrus 
(see below). 

Prolonged .noestrus 

The queen is seasonally polyoestrus and cyclicity 
is dependent on the photoperiod (H erron, 1977). 
In the northern hemisphere queens cycle from 
January or February, :tlthough the firs t oestrus 
may be irregular. In healthy queens 14 hours o f 
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Figure "l .g Schematic representation of the changes in peripheral plasma oestrogen, lH and progesterone during 
the pregnant oestrous cycle 01 the queen. 

lighting per day will abolish anoestrus (Gruffydd 
Jones, 1990). and the presence of an oestrous 
queen may stimulate cyclicity. Prolonged 
anoestrus may be associated with systemic d is
ease, poor nutrition or par:asi te burden (Mosier, 
1975). Abnormal ovarian de\'elopment has also 
been suggested :l.S a cause (Jo hnston et al., 198J). 
Consideratio n should be given to the p:lSt usc of 
progeswgenic medication for dermatoiogic:l.l or 
behavioural problems since this will postpone 
oestrus. 

Induction of OCStrus may be ancmpted usi ng 
daily admi nistration of gonadotrophins, ahhough 
in young queens this produces ovarian ovcrstimu
lation (Wildt el af., 1978). Single doses (1 00 IU) of 
eCG followed 5 to 7 days later by 50 TV of hCG 
has prod uced Q\'ulat io n with pregnancy rates si m
ilar to natural mating (Cline el af .• 1980). Other 
methods fo r dIe induction of oestrus have been 
recently reviewed (Goodrowe c/ ai., 1989). 

Prolonged oestrus 

Some unmated queens may have an oestrus which 
persisrs fo r two follic ular cycles, even though the 
endocrinological events arc normal. In these cases 

there arc usually twO peaks of plasma oestrogen 
concentration despi te the persistent behaviQural 
oestrus, however, persistently cle\'ated oestrogen 
concentrations ha\'c also been idenlified (Feldman 
and Nelson. 1987b). The fertility of such cycles is 
nOt known; they arc sporadic in occurrence and 
do not warrant treatment. 

Ovulation failure 

Eaeh copulation causes a release of LH which 
mayor may not be sufficient to cause ovulation. 
Less than 50% of queens in full oeStrus ovulate 
after a single mating (Feldman and Nelson, 
1987b). however mo re than 90% of fema les o\'u
hue if mated three times at .:; h intervals for the 
first J days of oestrus (Schmidt, 1986). The release 
of LH occurs within 5 min after mating (Johnson 
and G ray, 1981 ), therefore a major delenninant is 
the mating frequency. It is therefore important to 
cnsure that multiple matings occur, altho ugh a 
single injection of 5001U hCG on day t of 
oestrus will o ft en induce o vulation (Wildt and 
Seager, 1978). Fai lure of ovulation can be demon
strated by low plasma progcsterone concentra-. 
nons. 
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PsBudopfBlnancy 

Pseudopr~nancy usually follows l sterile mlt
ing, although it may occur after a spontlneous 
ovulation (l awler ct ai., 1993). After ovulation, 
plasma progesterone concentrations increase, 
and there is no return to oenrus; the interoestrus 
interval is approximately 37 days (Paape et ai., 
1975). There is no change in plasma prollctin 
concentratio n. The clinical signs of pseudopreg
nancy are therefore an absence of oestrus rather 
than lactatio n. 

• Reproductive organs 

The reproductive organs o f the queen are si milar 
to those of the bitch. The ovaries a.re positioned in 
the dorsal abdomen ventral to the fourt h lumbar 
vertebra and are panil lly surrounded by a bursa. 
During proestrus and oeStrus there is groWlh and 
development of several foll ides which protrude 
above the surface o f the ovary. The uterus is mor
phologically similar to that of the bitch, although 
the cervilC contains tubular gbndular tissue. The 
vagina is relativdy short, and Bartholian gbnds 
arc present within the vestibule. 

• Diseases 01 the ovary 

Ovarian hypoplasia and ovarian agenesis arc rare 
but both result in pennanent anoeStrus lnd 
infertility if the changes ar ... bilateral. At laparo
tomy o r laparoscopy, small o\'arian remnants 
comaining fibrous tissue arc usually identified 
(Schmidt. 1986). Chromosomal abnormalities 
have been reported in phenotypically normal 
females (Nicholas et al., 1980; Johnston el ai., 
1983). 

Drarian cysts 

Similar to the bilch, many cySts noted at ovario
hysterectomy and necropsy are not of ovarian 
origin but are frequently remnants of 
mesonephric ;J.nd rete tubules, al though true fo l
licular cysts associated with hyperoestrogenism 
have been reported (Herron, 1986). Clinical signs 
include ClCcessive and prolonged sexual behaviour. 
Attempts to induce ovulation using hCG may be 
suaessful, otherwise control may be achieved 
using p rogestogens (Christiansen, 1984) or 
ovariohysterectOmy. 
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PrematufB Dvarian failufB 

Queens may StOP cycling from 8 years of age 
o nwards. The aetiology of the premature termina
tion of cyclicity is unknown. The investigation of 
these cascs should be similar to those with pro
longed anoestrus. H igh circulating concentratio ns 
of r SH and lH may be diagnostic (Feldman and 
Nelson, 1987b). 

Ovarian tumours 

Ovarian tu mours generally reach a large size 
before d iagnosis and arc not frequently meta
static, commonly being granu losa-theca cell 
tumours (Herron, 1986). Thesc tumours may 
secrete sex steroids and produce clinical signs of 
persistent oestrus, cystic endometrial hyperplasia 
l nd bilaterally symmctric21 ;J.lopecia (Barrett and 
Theilen, 1977). OvariohySterectomy is the treat
ment of choice. 

Intersexuallly 

H ermaphrodi te and male pseudoherm;J.phrodite 
cats have been identified (Herron ;J.nd Boehringer, 
1975; Felts, 1982). The laner have external female 
genitalia with internal gonads containing testicu
lar tissue. Affected queens may h il to cycle . 

• Diseases of the uterus 

Aplasia o( the tubular genital 'ract 

Absence of a single uterine horn (uterus uni
cornis) docs not often interfere with fe rtil ity 
although litter size may be reduced. Frequently in 
such C;J.ses there may also be absence of the 
ipsilateral ovary and kid ney. 

Segmental aplasia of the uterus may produce 
infert ility if the condit ion is bilateral. Diagnosis is 
difficult; this is best achieved at laparotomy or 
Iaparoscopy. 

Cysllc endometrial hyperplasia - pyometra 

Thc pathophysiology of this condition is simi lar 
to the bitch, although the long progestogenic 
period is only present in queens which have ovu
lated. However, spontaneous ovulations (Colby, 
1980; lawler et ai., 1993) and the common usc of 
exogenous progestogens may both allow the 
development of cystic endomerrial hyperplasia 
(I'horntan, 1967). C linical signs include anorexia, 
lethargy, vomiting, polydipsia and a vaginal d is
charge which m3Y bc intermittent. Cases of both 
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open and closed cervix pyollletr,l may occur. 
Diagnosis is made in a similar mallner to the bitch 
using palpation, rad iography, ul trasonography 
and haen13tological examination. The treatnlelll 
of choice is o \'ariohystereclOmy combi ned with 
the administrat ion of intravenous fluids and 
appropriate antimicrobial preparations. Surgical 
drainagl' has also been described (Vasseur and 
Feldman, 1982), as has the use of prostaglandins 
for promot ing uteri ne e\'acu:uion (H enderson, 
1984). The natu rall )' occurring prostaglandin 
(dinoprost) administered at a dose of 0. 1 Illg kif ' 
dai ly for 5 days has been successful (Feldman and 
Nelson, 1987b). 

Uterine tumours 

Malignant endo metrial adenocarcinomas arc the 
most common uterine neoplasm, but benign 
tumours have also been reported (Herron. 1986). 
These tumours may cause malaise and straining 
or a persistent hacmorrhagic vaginal <li.scharge. 
Radiography. ultrasonography or exploratory 
surgery may be diagnostic, and treatment is 
ovariohysterectomy. 

• Diseases of the vagina and vestibule 

Vaginal aplasia 

Segmental "plasia of the mullerian duct system 
may produce vaginal aplasia. This is rare in the 
cat, but as with the bitch it may result in infert ility 
and prod uce retention of uterine fl uid. Diagnosis 
may be made using positive contrOlSt vagi no
graph)' o r exploratory surgery. 

Vaginitis 

Vaginitis is not commo n in the queen. It may 
occur secondarily to trauma at mating, 10 \'aginal 
neoplasia or 10 uterine diseas('. Speci fi c infectious 
causes arc rare. Clinical signs include intensive 
licking and \'agina] dischargc. Succcssful treat
ment iO\'olve$ remo\'al of the primary cause 
combined with appropriate systemic and local 
antimicrobial ther"p),. 

Vagina/tumours 

Pcduncubted leiomyomata and fib romata may 
origi n:nc within the v3gilla. Thc)' are infrequent 
neoplasms which produce vagini tis and constipa
tion due to dorsal impingement of the colon and 
fectum. Surgical removal via I n cpisiotomy or 
bp3rOtOmy is usu:lll)' curative. 

• Diseases ollhe exlernal genilalla 

Vulval aplasia 

The presence of smalllabi:l with or without steno
sis of the \'esti bule has been reponed in the cat 
(Herro n, 1986). This ma), result in a vaginitis and 
prevents normal intromission. 

Intflrsexua/ily 

Male pseudohermaphrodites h:lve female external 
genitalia. although these arc usu:llI)' positioned 
mo re vcntfl l than norillal or l re undersized, sillce 
intra-abdominal gonads contain testicular tissue. 
These animals arc usually steri le; treatment is by 
removal of the reproductive tract and gonads. 

• Diseases of pregnancy 

Conception or Implantation failure 

The most common reason for fail ure of concep
tion is lack of sufficient LH stimulation 10 induce 
ovulation. Multiple matings arc required to 
ensure the adequate release of LH , and a major 
detcrminant is the freq uency of mating. Lo w 
plasma progesterone concentralions olle week 
after mating deillonstrate Ovul"lion failure. 

O ther causes for fa ilurc of conception may be 
related to endocrinological, nut rition"l and 
physical abnormalities previously d iscussed. 

AbortiOn/resorption 

Abort ion or resorpt ion ma), be caused by 
en\·ironmental, nutrition,,], genetic. infectious or 
hormonal flctors. 

There aTe sn'eral "i r"l agents that nM)' induce 
abort ion, resorption lnd stillbirths including 
fel ine herpes\·irus I (Hoover and Griesemer, 
1971), feline panleukopenil virus (Kilham et fll., 
1971). feline leukaemia vi rus (Herron, 1977; 
Hlrd)" 1981) and feline infectious perilo nitis 
virus (Norsworthy, 1979). The di"gnosis o f Ihest' 
may be m"de on clinical signs, time of the 
abortion. e:<amination of the aborted material 
and serological investigation (Troy and Herron, 
1986). 

Bacterial agents which ha\'e been isolated ill 
cases of abortion include normal \'lginal com
mens,,1 bacteria such as E. coli. streptococci and 
staphylococci (C hristiansen, 1984). 

Treatment o f the dam at the lime of abortion 
mly includ e the "dminiSlr"tion of broad
spectrum antimicrobial preparations, fluid 
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,n.nsports s~rmatozoa from the seminiferous 
tubules into the epididymis, the latter being a 
tightly coiled tubular structure adllerent to the 
testicular c;lpsule. The uil of the epididymis is 
positioned dorsocaudalJy. 

Spermatozoa are transported frolll the epi
didymis. via the ductus deferens [0 elUer the ure
thra in its prostatic portion. The proState is the 
only accessory gland in the dog and is usually 
located in an imra~lvic position. Two corpora 
cavernosa comprise: the penis, which in ilS cranial 
ponio n conuins an os, extending from the tip of 
the glans to the bulbus glandis. The urethra runs 
in a ventral groove within the 05 penis. The penis 
is completely endosed within the prepuce. 

• Diseases of the testes and scrotum 

Anorchldlsm 

Congenital absence of buth teSI~ has been 
reported in man (Silber. 1978). In the dog this 
is c:xtremely rare; only one case has been 
described (England ~r a/., 1989b). Most cases of 
absence of scrota.1 testicular tissue are bibleral 
cryptorchids. Diagnosis may be made by :I. b ck 
of response of plasma testosterone to ;1 single 
intravenous injection of 750 lU hCG (England 
et al .• 1989b). 

Monorchidism 

By definition this means the presence of a single 
testicle in the body. Most cases arc unilateral 
cryptorchids, with:l. single :l.bdominal testicle. 

Cryplorchldllm 

Cryptorchid me:1OS hidden testieles. a condition 
which may be unil:l.teral or bibtet:l.l. The testes 
normallf descend into the scrotum following 
contraction of the gubernaculum testis by 10 d:l.Ys 
:l.fter birth (Gier and Marion. 1%9), although a 
diagnosis of cryptorchid is not usually made until 
10 weeks of :lgc. The condition is likely to have a 
genetic bue, and although the mode of inheri 
tance is unknown it follows the model of a scx
limited :l.utosomal r«cssh·e trait (Meyen-Wallen 
and Patterson, 1989). Bmh female and male par
ents will arry the gene but only homozygous 
males will be cryptorchid. The rcuined abdomi
nal testis is more likely to become neoplastic. 
Medical therapy is not ethical; I.re:ltment is by 
(emov:l.1 of both u.'Stes to prevent neoplasia and 
brttding. 
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EctopiC IBlles 

Dogs with lest~ which do not occupy the normal 
scrotal position arc likely 10 be part of the crypt
orchid syndrome. Testes may piUS through the 
inguinal ring :l.nd be found in the femoral triangle, 
in the caudal perineum or cranial to the scrotum . 
Treatment is as for cryptorchidism. 

Orchitis 

Inflammation of the testis m:ly be tl';1um:l.tic or 
non-traumatic in origin. Traumatic cases may be 
complicated by infection and haemorrhage and 
these changes may be severe (Burke. 1986). 
Consen':l.ti"e therapy involving antimicrobial 
prepat:l.tions may be successful, although surgical 
debridement or castration may be nccessary. 

Infective o rchit is is rare in the U K since 
Brucella canis infection does nm occur. Hfllctlld 
may be a significant problem in other countries 
producing spermatozoal abnormalities and in fer. 
til it)' (Carmichael and Kenney, 1%8). Bacterial 
orchitis may occur after retrogt:l.de passage of 
urine (Lein. 1977). causing suppurative inflamma
tion and abscess formation. Theu cas~ :l.re usu
ally sc\"(·re and caS(t:l.tion is frequentl y nccessar),. 

Spermslollfmlc , "est 

The cess:l.tion of spermatogenesis wit II resuh.ant 
azoospermia has been reported in the dog (Rento n 
and Aughey. 1971). The condition has bet·n iden
tified in related animals (Hadley, 1972; Allen and 
Longmffe, 1982) and autoantibodies directed 
against spermatozoa were found in tWO C:l.SCS 
(Allen and Patel, 1982). Affected dogs arc initially 
fertile until middle :l.ge; they then becomc 
azoospermic and have small testes but arc other
wise clinically healdl),. The prognosis for fertilit), 
is usually poor although the usc of immunosup
pressive doses of glucocorticoids has been sug
gested as a treatment (Fcldm:l.n and Nelson. 1987:1.). 

Tellicularcyslt 

The occurrence of tcsticular cySts in the dog has 
only recently been recorded (England, 1991) (Fig. 
40.12). The incidence of testicul:l.r cySts :l.nd their 
influence on fertility is unknown; they produce 
no clinical signs and may only be detected with 
ultrasound if they arc very large. 

Sp8rm,'ocD.'. 

Cystic distension of the testicular duct system 
may lead to:l.n infl:l.mrnatory response resulting in 
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Figure 40.12 Cystic Slructure wi thin the lesles 01 a 6-
year-old cross-bred dog. Section stained with haema
loxylin and eosin: magnillealion )C 104. 

the fo rm;lIion of a sperm groanuloma. These 
lesions are rue, ahhough they nlay be detected by 
palp.:nion. Obstruction of the testiculu duci 
interferes with spe::rn13tozoal output. 

Ttlsticul" tumours 

Tt'sticuhr tUnlOurs arc the st"Cond most common 
tumour affecting the male dog (COIchin, 1960; 
SUS2neck and Withrow, 1986). 

Inlerstltlal ceiliumourli 
Imerstitiai cell tUnlOurs uiR from th e:: Leydig 
cells, and may be si ngle o r multiple, occurring in 
one or both testes. They arc usuall y 1- 2 cm in 
di :l. rI1eter, yellow in colour and m:l.}' occasion3.lIy 
have a ne::c rotic core. They often produce no 
change in tcsticular size. Interstitial cell tumours 
:l.rc roarely malignal1l (I-b.yes and Pendergrass, 
1976) and are gencrally endocrinologically inac-
• twe. 

Sel1ol1 ceiliumours 
Serloli cell tumours arc gcnct:llly d iscrete 
unilaten.l slow-growing neoplasms. They havc 
:I. nodular lobulated architccture (Fig. "0. 13) and 
:l.l though Ihc majority arc ini tially benign up 10 

10% m;ay be malign:l.nt (Crow. 1980). Not all 
Senoli celltulllours ;l;rc cndocrinologically ;l;c ti"e, 
however tht' SerlO\i cell tumour is the most com
mon tumour asSOCi;l;led with 'male feminizing 
syndromc', which m;l;y be due to increased pro
duction of oestrogen by the tumour, o r incrcued 
conversion of :l.ndrogen into oestrogen. Signs of 
feminizuion include m;l;mmary gland develop-

Agurl 40.13 Sertoli cell tumour (5) located centrally 
within a canine testicle (arrows). The normal testicular 
tissue is compressed into a small peripheral region. 

menl, preputial swelling, male ;l; ttracti" cness with 
bilaterall y s)'mmetrie:li non-pruritic alopecia. In 
these nses the non-neoplastic testicle ;l;trophies 
due to the negati"e feedback effeci of oestrogen 
on the pituitary- hypOlhal;l;mus. High oestrogen 
concentn.tions may produce bone m;l;rrow sup
pression (Sherding et al .• 1981) and squamous 
met.apl",i.a of the prostate gl;lnd. The diagnosis 
ma)' be ;aided b)' the mC:l.surement of pbsma 
oestrogen concentt:luon. 

Seminomas 
Scminomu arise from sperm;l;lOgenic tissue of the 
tubular epithelium, and arc solitary unilal t' ral 
tumours which may bccome very luge. They arc 
soft :l.nd usually benign. although metastasis has 
been noted (Crow, 1980; Tennant ;l;nd Kelly. 
1992). Feminiz;!tion may also occur. 

The ultrasonographic fcatures of some non
palpable lesticubr neoplasms ha\'e been described 
(England, 1991). In all cases rad iographic screen
ing of the thon.x and local lymph nodes should bt' 
undcnaken. Cutn.tion is Ihe treal ment of choice. 

Tors/on of thtl spermatic cord 

Roution of one of the testes around the venin! 
;axis causes occlusion of the pampiniform plexus, 
followed by swelling :U1d nl"Crosis of the tcsticle. 
The ;actiology is unknown although it may be 
rel;l;led to rupture of the serotalligament. Torsion 
is more common in enlarged neoplastic intra
abdomin;l;l testes (PeOltson ;l;nd Kelley, 1975). 
Prompt surgic;!1 rcmm'al of the affccted tCSt;S is 
essenti:l.l. 



• DI.ea.e. ollhe epldldymide. 

Aplasia of the duct system 

Unilateral and bilateral aplastic lesions of the tes
ticular d uct system h:l.ve been reported in the dog 
(Copland and Maclachlan, 1976). Some workers 
have suggested that these lesions arc not unco m
mo n and :Irc similar to those in other spttics 
(Feldman and Nelson. 1987:1). In such cases 
azoospermia and oligospermia result, although 
histo logical examination of the testcs is normal. 

Epldldymllls 

Epididymitis may be the resul t of tr.l.um:l andlor 
infection. Infectious agents may enter the epi
didymis vi:!. the vas deferens or seminifero us 
tubules, through the vaginal tunic o r hacmalO
gcnously (Soderberg, I 986b). The epididymis 
beco mes enlarged and painful and the result ing 
inflammation can cause fi brosis and Obstruction. 
Differential culture of the second and th ird frac
tions of the ejaculate may help to isolate bacterial 
causes. Histologic:!.1 ex:!.mination of a testicular 
biopsy will be normal. Serology for bruccllosis 
should be undertaken in dogs which have been 
imported. Appropriate antim icrobial therapy may 
be helpful in certain cues, al though castration 
may be necessary. 

I Dlsea.e. ollhe pro.late gland (.ee 
also Chapler 41) 

Benign prostallc hyperplasia 

Hyperplasia of the prostatic epithelium begi ns 
early in the dog's life. h is associated with 
altered :mdrogen/oestrogen ratios and may be 
pre.sent without clinical signs. However, in some 
dogs the enlarged gland impinges on the pelvic 
viscera and causes faecal tenesmus and may 
result in haemalUria and haemospermia. Usually 
the gl:tnd is symmctrically enlarged and non
painful and the large gland may be demonstrated 
r.l.d iographically :l.I1d ultrasonographically (Fig. 
40.14). Castration produces rapid rcsolution of 
clinic:!.1 signs. Exogenous progestogens and 
oestrogens may also bc successfull y used, how
ever oestrogens may induce prostatic squamous 
metaplasia resuhing in increased size of the 
gland. Recently ant'iandrogens have been used 
(Jguer-Ovada and Verstegen, 1996), and drugs 
such as Aucamide, formestane and fin:tSleride are 
now widely aVOli lable. 
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f igure 40.14 Ultrasound image of a 10-year'old dog 
with benign prostatic hyperplasia. The prostate oland is 
increased In eChogenicily compared with normal. The 
gland is large but its margins are smooth. P. prostate; 
B, bladder. Arrows indicate the position 01 the more 
echogenic hilar region. 

Bacterial prostatitis 

Adult dogs may develop prostatitis following 
ascendi ng infection of bacteria, commonly E. coli. 
Clinical signs include systemic illness, with 
vomiting and nud31 ;l.bdominal pain (Barsanti and 
Finco, 1989). Animals are neutrophilic and ,he 
gland is p3inful and has an irregular comou r on 
palpation. Urine cult ure and urethral washings 
may help with diagnosis. 

Lesions may become chronic, 3nd pockets of 
purulent exudate may form (prostatic abscessa
tion) producing signs of recurrent cystitis. 
T re;l.unent of ,hese cases is diffi cul t; ;l. l1limicrobial 
ther3py on the basis of the results of bacterial 
sensitivity may be required for up to 6 weeks. In 
certain cases surgical dr.tinage is necessary. 

Squamous prostatic metaplasia 

A change in the prost:n ie glandul3r epitheliu m 
from cuboidal or columnar to squamous occurs 
second3rily to endogenous or exogcnous hyper
ocstrogenism (Huggins 3nd Cl3rk, 1940). This 
predisposes to cyst formation, infection and 
abscessation Uohnston, 1985), but is nor a preneo
plastic change. A presu mptive diagnosis may be 
made on the cl inical signs and history. T reatmem 
is directed towards removal of the source of 
oestrogen si nce the condition is reversible 
(Huggins 2nd Clark, 1940). 
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Prostallc cysts 

Two typcs of prost;u ic cySt have been identified. 
The least common arc discrete retention cyStS 
associated with blockage of the prosl:lt ic ducts. 
These occur within the parenchyma of the 
proslate, causing distortion o f its oudine. More 
commonly cySts arc fou nd adjacent to the 
prost:lle, amched by small sulk-like adhesions 
(Wcaver, 1978). These are remnanlS of the uterus 
masculinus (vestigial Mullerian ducts). The clini
cal signs of bOlh types of cySt arc related to their 
size; they may produce peh'ic can;!.] obstruction, 
faecal tenesmus, d ysuria and haematuria (Atilo la 
and Pennock, 1986). Diagnosis m;!.y be made 
radiographically, although ultrasound exami na
tion can differentiatc the internal architeclUre of 
the organ (Feeney cr al., 1987). Excision or marsu
pialization arc the treatments of choice; castr.uion 
and hormone therapy arc of no value. 

Prostatic tumours 

Adenocarcinomas arc the most common neo
plasms affccting the prostate gland of the dog; 
approximately 5% of dogs with prostatic d isease 
ha\'e nCQplasia (Weaver, 1981). Tumours arc firm 
upo n palpation :md lend 10 metaSiasize to iliac 
and subl umbar lymph nodcs (Fig. 40.15), and to 
the vcrtebral bodies of caudal lumbar vertebrae. 
Clinical signs arc associatc..-d with the increasc..-d 
sil'.e of the gland, although dogs may h;1ve a haem
orrhagic urethrol.] d ischarge and hindlimb pain 
(Durham and Dietze, 1986). Diagnosis may be 
made o n the basis of clinical signs, radiographic 
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FIgure 40.15 Caudal abdominal radiograph of dog wi lh 
sublumbar lymphadenopathy (arrows) secondary 10 
proSlalic neoplasia. 

find ings, the presence of neoplastic cells collected 
by urethral washing following prostatic mass;!.ge 
or semen collection (Barsanti and Finco, 1984). 
Needle aspiration undcr ultraso und guidance or 
biopsy arc valuable diagnostic lOols (Barsanti and 
Finco, 1986). RadiotherJpy may be useful for 
treatment, however the animal shou ld be carefull y 
examined for metas13tic spread before embarking 
o n therapy, Antiandrogens may provide some 
corurol o f the clinical signs. 

• Diseases of the penis and prepuce 

Penile hypoplasia 

Hypoplasia of (he penis is rare but has been 
repon ed in several breeds of dog (Proescholdt 
and De Young, 1977) and may be d ue to selt chro
mosome abnormali ties Uohnston, 1989a). The 
clinical signs arc often related to pooling of urine 
within the prcpuce, which may be pre\'enled by 
surgical enlargem(,nI of the preputial opening and 
shorteni ng Ihc Icngth of the prcpucc. 

Hypospadius 

Fai lure of the genital folds to fu se during de\'Clop
ment may result in an abnormal terminatio n of 
the urethra caudal and vCnlral to the gla ns penis. 
Hypospadius may be classified into six types 
relat ing to the position of the defect; the perineal 
form is the 1I10St common (Kipnis, 1974; Adler 
and Hobson, 1978). Affected dogs may also ha\'(' 
a short and de\·iated penis. T rearment is related to 
the severit), of thc abnormality bUI ma)' include 

• 
reconSlructl\'e surgery or amputation. 

Persistent penile frenulum 

Normal ruplUre of the ventral penile frenulum 
occurs due to mechanical stress. Failure o f rupture 
results in persistence of the frc nulum, and causes 
vent ral deviation of the penis during erection. 
Su rgical correction irwoh'cs incision of the avas
cular frenulum. However, a hereditable nature of 
the condition h15 been established in one breed 
(H utchinson, [973). 

Congenital deformity 01 os penis 

This may resul t in peni le deviation and inability to 
move the penis into and out of tile prepuce. 
Desiccation of the glans penis rna)' result if it is 
persistently exposed. ConselVative management, 
preputial surgery o r amputation may be 
necessary. 
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Dlph,lIf, 

Duplication of the penis is rare. It may result from 
anomalous duplication of the clolCal membrane 
and formation of tWO geni t;!.1 tubercults 
Oohruton. 198%). Affected dogs may also ha"e 
abnormalities of the urinary tract. 

Prlimosis 
An abnormally small preputial orifice may occur 
either congeni tally o r as the result of trauma or 
inflammation. A narrow Slfe.lm of urine during 
micturition and urine pooling within the prepuce 
mult. and may C.lUSC balanoposthi tis. AffeclCxi 
dogs are not able to copubte .lnd shown signs of 
pain during erection. Surgical enlargemcm of the 
orillce is usually cut.ltive. 

P,,,phlmosls 

Failure of tile glans penis to be retr~cted fully imo 
the prepuce may be due to a snull preputial ori
fi ce, invcnion of the pn:putial skin and hair, a 
shon prepuce or neurogenic h cton affecting tile 
preputial muscles. The penis may become dry and 
necrotic. and second;lry urelhnl obstruction may 
result. Application of icc packs and lubricants. 
and enlargement of the urethral o rifice may suc
cessfull y allow retraction. although amputation 
may be necessary in penistent C2ses. 

Prf'plsm 
Pcrsistem enlargement of the penis in the absence 
of scxuall.'llcitement may be the l"C$ult of ncuro, 
genic abnormali ties such as lumbar spinal lesions 
o r lumboucral disease. Myd ography is often 
necessary for an accurate diagnosis. Conservative 
management may be successful. 

F"r:tured DS penis 

Fracture of the OJ penis may foll ow a ullumatic 
incident, and usually causes swelling, urethnl 
haemorrhage and dysuria (Stead. 1972; Jeffcry, 
19N). Radiognphic examination is required. 
although palp;uion may be dbgnostic after thc 
swelling lias reduced. Indwelling urethral 
cathetcl"$ may be hdpful during the initial healing 
phase. Occasionally large callus formation causes 
urethral constriction, warraming permanent 
urethrostomy or penilc amput~ l ion. 

Urethnl prol,pse 

Excessive sexual extitement o r urinary siraining 
may produce prolapse of the terminal panion of 
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Figure 40.16 Prolapse of the urethral mucosa In a 2· 
)'f:ar -old cross·bred dOO. 

the urClhn (Fig. 40. (6). The everu:d poniol1 
becomes oedematous and may bleed, although 
some dogs show no clinical signJ. The urethra 
may be rcplated if nOt damaged (Firestone. 194 1). 
although amputation of the di5t;!.1 pcnis may be 
necaury (Copl.lnd, 1975). The condition h~s 
only becn described in intact males Oohnnon. 
1989b) and castntion should be considered 10 
prc"em recurrentc. 

Lymphoid hyperpfasl, 

Small raised 1- 2 mm nodules m~y be ident ified on 
Ih(' surface of thc caudal glans in the region of 
the preputial reflection. These atc nOI vesides 
although the condition has been termed 'dog pox' 
Ooshua, 1975). l esions arc commonly noted at 
routine examination, Iheir significance is 
unkllOwn. although they may become tnuma
I~ led and bleed. during m~ting or semen collec
lion. 

Pnpulla' dfsch'rpe 

Mucopurulent preputial discharge is normal in 
the male dog although excenive disthargc Iluy be 
associated with posthi tis (inflammation of the 
prepuce). r..lany 5pcx:ies of aerobic bacteria ~re fre
quently isolated both in normal dogs and in those 
with preputial discharge (Allen ~nd D.1gnall. 
1982). Preputial tnuma. foreign bodieJ ami 
tumoun must be climinated as primary causali,'e 
Icsions. In many cast's the aetiology relll:Jins 
unknown: mycoplasmas were isolated in 92% of 
cases of bal.1nopa$lhitis in one study (Doig. 
198 1). Culture of mycoplumll or pure growtlu 
of amimicrobial resisu.llt b.1cteria such a.s 
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Ps~udomollaf II~m8;lIosa may Ix: significant, 
ahhougll these 11;I.\'e been ideOlified in normal 
dogs. Severe inflammation may produce sperma
tozoal ;abnonnalitics probably mediated by heat 
stress (Oeule and Soley, 1986); these clunges arc 
re\'ersible (Larsen, 1980; Oeule and Soley, 1986)_ 

Treatment involves the removal of the prc.-dis
posing cause and flushing of the preputial cavity 
and penis wilh ;mtimicrobial or weak antiseptic 
soIUl iOl15. Parenteral drug administration is 
usually of little value. 

Discharge noted at the prepuce may abo be 
haemorrhagic in nature and commonly originates 
from the prOSlate gland. although urethral pro
l;apse and urethral mucosal neoplasms may also 
bl=!. 

Penile neoplasms 
Tumours of tile penis arc rare in the dog. 
Squamous cell carcinomas arc the most common 
type and these commonly spread loca.lly and 
mCI:l.Jtasize 10 the inguinal lymph nodes. 
J-l.1emorrhage from an ulcerated neoplasm m:l.y be 
the first clinical sign. ahhough usually there is fre
quent penile licking. R:l.dical surgica.l resection is 
warr;mted in the absence of metast.1ses. 

Transmissible v,n,,,,1 tumour 
This is a coit':l.lIy transmitted neoplasm affecting 
the external genitalia of either sex that is not iden
tified in Ihe U K (Boolh, 1m ). Tr.msmission of 
cells frOIll thc infected individua.l 'seeds' the geni
tal mucoS:l. of the recipient (Cohen, 1974). Lesions 
are friable and there is frequently ulceration and a 
serosangincous discharge. Excisional biopsy is 
requ ired for definitive diagnosis. Single neo
plasms should be tre:lted by :lmput:l.tion. V:lrious 
chclIlotheup)' regimes h:lvC been suggested, 
including the usc of cydophosphamidc and 
vincrist ine (C:llvert £'1 al., 1982). 

I THE TOM 

• Reproductive endocrlnologv 

Although it is :lSsumed that endocrinologic:lll 
e\'ents in thc tom arc similar to those in other 
species, there J.re many :lre:lS where basic dara 
arc nOI a\·ailable. As in the dog, circullting 
tC'StOSlerone concentrations h:l"e been shown to 
f1uctu:l[e markedly (Good rowe et aI., 1985). The 
concentrations of FS H :and LH arc not wellcsub
lished, but the responsc of plasma LH and leSlOS-

[crone 10 the :ldministr:ltioTl of GnRH has been 
studied in both entire and caslr:l.tOO anim:lls :lnd 
shown to be simillr to other species Oohnson :lnd 
Guy, 1981). 

• Abnormal endocrinolog ical events 

Hypogonadism 
little information is :lv:!.ilable on this condition in 
the cat. Howe\'er, it Ill:ly occu r following pitu 
itary dysfunction and h:ls been reported following 
fetal or neon:!. t:!.1 panleukopenia virus infection 
(Csiza t t al., 1971; Dc l:l.hunla, 1971). Testicul:lr 
hypopbsi:l has :llso bc.'C1l noted in toms with 
chromosomal :lbnormalitics (see below). 

Poor libido 
Male cats which ha" e been recentl y introduced 
to a new environment m:ly demonstute poor 
libido, or :l.ggression to queens. These problems 
:lre morc frequentl)! encounterc.od with young or 
inexperienced :lnim:lls and reflects poor breeding 
m:lnagement nther than endocrinological abnor
m:llities. Tile administration of exogenous 
:lndrogens docs nOI improve libido and the nega
tive feedback effects may reduce endogenous 
testosterone secretion and semen quality 
(Mich:lc1, 1961 ). 

Impaired sp"m,tog,n,sls 
There :l.fe no dat:l :lva.ibble on the endocrinologi
cal invcstigat ion of reproductive function in male 
cats with abnorm:llities of spermatogenesis. 
T csticul:lr hypopb.sia. and :l.bsence of spcrm:llOge
nesis has been reported in tortoiseshell-coloured 
toms associated with chromosomal abnormalili{'s 
(Celllerwall :llld Bcni rschke, 1975). 

• Reproductive organs 

The testcs of Ihe C:l1 arc similar to the dog 
although they are positioned vcntf:l.l to thc anus. 
The testes :lre composed of seminiferous lubules 
supported by the medi:lslinum testis. TIle 
bilobcd prostate gllnd is small :lind intrapd,·ic. 
The tom also has a p:lir of bulbourethr:ll glands 
lalcral to the base of the penis. The penis contains 
a small ungrooved os :lnd is directed caudally 
wilhin the prepuce; the undivided gl:lns penis is 
conical in shape :lnd is covcroo by cornified 
p;lpillae. 
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• Diseases at the testes and scrotum 

Absen" of Qonads 

Anorchia has not bttn r~ported in the c.n. 
Mono rchidism has been nrdy nmed (H erron, 
19S6). 

Cryptorchidism 

In most kittens the testes hav~ descended into the 
scrotum al birth (Shille, 1989). Unil:lIenl and 
bilat~r:al non-descent of the teStes is usually noted 
during routine examination. C linical signs may 
occur later in life when abdominal enlargement 
and discomfort are related to the increased size of 
the gonad. FeminiZ2tion has not been rcported 
(Stein, 1981). A genetic base fo r the condi tio n has 
not bttn tsl'ablished, although this is likely to be 
simil:tr to the dog. Medicallher:lpy is nOI ethical; 
lreatment is by remov;J,1 o f both testes to prevent 
neoplasia :lnd breeding. 

Orr:hllls 

Testicular inAamm:nion is most commonly asso
ciated with tnum:t (especially bite wounds) in the 
cat; specific infectious :tgents arc ra.rdy involved. 
Conserv:ttive therapy involving the :ldministra
tion of antimicrobi:tl prep:lrations may be suc
cessful, although the complications of infection 
and haemorrhag~ may necessitate surgic3-) 
debridement or castr:uion. 

T'$licuIIT deQen,ratlon 

R~versible tcsticular degeneration and :tZoosper
mia has been reported u.rociated with hypervita
minosis A. This might occur in tom C:lts fed large 
amoun15 of r:lW liver (Seawright et al., 1970). 
Elimin3.tion of the vi tamin imbalance is usually 
curative. 

TlSlicular tumours 

Testicular tumo urs arc rare in the tom (Feldman 
and Nelson, 1 987b). Sertoli cell tumours have 
been reported in aged anim:tls (Herron, 1986). 

• 01 ...... 01 the .pldldymld.s 

There have been no specific epididymal lesions 
identified in the ClI, although inAammation 
as.rociated with tra.umatic orchitis is not un
commo n. 
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• Diseases of the prostate gland 

There are no reports of neopl3-sia o r dis~a~ of the 
prostate gland in the tom (Herron, 1986). 

• Diseases at the penis and prepuce 

Penlle-prepull,/ adhesions 

The early caslr:n;on of kittens before the commo n 
layer of stratified epithelium, which joins the pre
puce to the penis, has separa.ted nl:ty result in 
adhesion fo rmation between these structures 
(H erron, 1971). These cases are not usually asso
ciated with clinical disease, although the c.hanges 
may predispose to infection. C:tSl ration later than 
6 mo nths of age, :lfter penilc-preputialseparatio n 
will prevent the problem. 

Penile ,bnormalllles 

Few cases of abnorma.lities of the penis hlve been 
reported in Ihe tom. Penile hypoplasia, hypospa
dius and lbnonm.l 05 penis have nOt been reportc<i. 

Phimosis 

An abnormally snl:lll preputial o rifice is 3-n 
uncommon finding, but has ~n reported in the 
domestic short ha.ir tom (Elkins, 1983). This 
abnormality may occur congenitally o r as the 
rcsult o f traum3- o r inA:lmmatio n. The cliniC'll! 
signs arc simil:tr to tho~ in the dog, and the con
dition may be treated surgic:t lly by enl:lrgemem 
of the preputial orifice. 

Priapism 

Priapism (persistent and plinful erection) is rare 
in the tom but may fo llow attempted m3-ting :lnd 
traum:t may playa role in the aetiology (G unn 
Moore et ai., 1995). Penile :tmputation is usually 
m.'cessary. 

Paraphimosis 

Failure of the gbns penis to be rctra.ctcd fully into 
the penis due to :tn abnormal preputial ring has 
been described (Kirk, 193 1). Drying :lnd necrosis 
of the penis and secondary urethra.l obstruction 
may result, therefore prompt surgic3-1 correction 
is necessary. 

Hair rIng 

A ring of hair around the prepuce may produce 
signs o f prolonged thrusting or pain d uring 
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Diseases of the Urinary System 
D. F. Senior 
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Glomerulonephropathy 631 

I ANATOMY AND PHYSIOLOGY 

In dogs, the right kidney is rd;l.tively fixed in posi
tion and located craniodorsally whereas the left 
kidney is ma rl" caudal. mobile and can ado pt vari
able positions. The si tuatio n is the same in the cat 
but lXlIh kidneys arc morc mobile. Kidneys of 
dogs and COIlS arc eharacu:rinically bean-shaped 
and the mt-dial border is indented by an oval 
opening called the hilu51hrough which the ureter. 
renal artery, renal vcin, lymph vcssels and nervcs 
pus. Thc renal parenchyma is m:tde up of tbe 
internal medulla and external cortex. 

The kidney is an cxtremely vascular organ with 
ren:t l blood flow :tOOUI 20% of c:trdiac output. In 
the medulla, the renal arteries give rise 10 six to 
eight interlobar arteries wbich branch to form the 
arcuate arteries at the corticomed ullary junction. 
Arcuate ;"meries give rise to interlobular arteries 
which radiate into the cortex and further branch 
to form the afferent arterioles. Afferent arterioles 
enter the glomerulus after coming into dose 
proximalio n with the distal convoluted lObule in 
an area known as the juxtaglomerular apparatus. 
Within the glomeru lus, the ;afferent arteriole 
branches many times to form the glomerular tuft. 
On leaving the glomerulus, the capillaries give rise 
(0 the efferent :trt ... riole which then forms the peri
tubular capi llary network. The efferent arterioles 
of juxtamedullary nephrons gi"e rise to vasa recta 
which traverse deep into the medulla and back 

Nephrogenic diabetes insipidus 634 
Congenital renal defects 635 
Urinary tract infectiOn 636 
Urolithiasis 639 
Feline lower urinary tract disease 643 
Diseases of the canine prostate 646 
Oisorders of micturition 649 

again. The blood flow through the vasa rect;!. is 
relatively sluggish compared to that in the cortical 
peritubular capillary network. The afferent and 
efferent arteriolar sphinctcrs located before and 
after the glomerular capillary tuft comrol renal 
blood fl ow, glomerular filtration rate, and fi ltra
tion fraction. 

G lomerular fih r;ate is protcin free. Aoout 
60-70% of filtered sodium and water is reab
sorbed in the proximal convoluted tubule by a 
low-gradient mechanism. A further 25% o f the 
filtered sodium is re:tbsorbed in the thick ascend
ing limb and a fina l 4-7% is reabsorbed in the dis
tal convoluted lObule and collecting duct. Distal 
nephron reabsorption is a low-capacity, high
gradient process which allows for fine -tuning o f 
the final excretory product. The loop of Henle 
develops medullary hypef[onicil), by :tcting as a 
countercurrent multiplier. Under the action of 
antidiuretic hormone (vasopressin) the distal con
,'oluted tubule and collecting duct arc pt'rmeable 
to water. Water is reabsorbed into the hypertonic 
intersti tium and the final urine becomes concen
trated. The ureters exit the kidney at the hilus and 
pass in a reflection of the peri toneum to the trigo
nal region o f the bladder. The ureters follow an 
oblique course through the detrusor muscle wall 
and urine enters the bladder after a short sub
mucosal passage. When empt)" the bladder lies 
within the pelvis or just ahead of the pubis; when 
distended. the bladder assumes a more cranial and 
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Figure 41 . t Expected urine osmolality and specific gravity after water deprivation and vasopressin administration in 
dogs with psychogenic water drinking, central diabetes insipidus, partial central diabetes insipidus and nephrogenic 
diabetes Insipidus. 

• Imag ing 

Radiography and uitr.lSonography represent the 
cornerstones of urinary tract imaging. Computed 
tomography and magnetic resonance imaging 
provide excellent data but both tcchniques arc nOl 

generally available. Patients should be prepared 
(or radiography by evacuation of the bowels 
using oral salt solutions and enemas. T he size, 
shape, location and radiographic density o f the 
kid neys, bladder, prostate and parts o f the urethra 
can be assessed on plain radiographs. Radio
opaque uroliths are visible. Intravenous urogra
phy better identifies the architecture and contents 
of the renal collection system, ureters, and the 
location of ureteral entry into the bladder. 
Nephropydocentesis can be performed using flu 
oroscopic imaging during intra\'enous urography. 
Contrast cystography allows assessment o f blad
der shape and size, visualization of rad iolucent 
calculi and identific:atio n o f fi ll ing defects. 
Retrograde contrast urethrography allows identi
fication o f urol iths and strictures of the urethra. 

Ultrasonography allows assessment o f renal 
parenchymal architecture and identifiCluion of 

echogenic densities such as :tre:!.S of tissue miner
alization and uroliths (Walter t't ai., 1987). 
Tumours of the kid ney :tnd bl:tdder arc readily 
identified without the need for contrast radiogra
phy. Prostatic cYSts, abscesses and tumours can be 
located :tnd ultrasonography c:tn assist in gu id
ance for aspiration and biopsy of the kidney, 
bladder, bladder masses and prostate. 

Scintigraphy can assist in detection of tumou rs 
bu t is best applied to estimation of renal fu nction 
(Krawiec et al., 1986; U rihe ct al., 1992). 

Bio psy of the kidney can be performed under 
ultrasonic guidance or by manual fixa tio n of the 
kidney via :t keyhole laparotomy. Care must be 
taken to avoid the hilar area where rupture of the 
large vessels c:tn cause pro fuse bleeding (Osborne, 
197 1). Biops), of large bhdder masses and spccific 
areas of the prostate can also be performed using 
ultrasonic guidance (Feeney t't al .• 1987). 

Cystoscopy allo ws visualization of the bladder, 
urethra and ureteral openings (Senior and 
Sundstrom, 1988; Brearlcy et (11., 1988; McCarthy 
and McDermaid, 1990). T r:l.Ilubdominal cYSt
oscopy c~n be performed in both male and remale: 
dogs of all sizes and cats whereas transurethral 
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618 1 DISEASES OF THE URINARY SYSTEM 

lIbl.41.11 Normal values for uriO! speclflc gravity and osmo
lality in dogs and cats 

Do, C .. 

SpecllIC gravity 
Possible ranot t 000-1.065 t 000-1 .085 
USual range 1035-1 ,045 1 ()45-1 065 

Osmola~ty (mOsmlkg HIO) 
Possible ranot 51)-2400 50-3000 
Usual range 1200-1600 1600-2400 

r:mgt! despitt! overhydr:lIion and dehydr:alion, i.e. 
SG - 1.010. Very dilute urine (SG < l.oo6) tends 
to be due to diabetes insipidus. psychogenic water 
drinking and rarciy, hypoadrenocorticism. 

pH 
Dogs and c:us nornl.llly produce urin ... with a pH 
of 5.5-7.5 bUl :arc capable of pH 5.0-9.0 in 
extremes. Low urine pH corresponds to excret ion 
of :an acid load whereas high urine pH corre· 
sponds to excretion of :m alkaline load. How
ever, par:adoxical aciduria may devciop during 
alkalaemia when concurrent dehydration and 
hypokal:aemi:a exisl. Urine pH I ... nds 10 be alkaline 
when the animal consumes a diet with alkaline 
metaboli tes ((or example \'eget'able protein, alb· 
line minerals), during the post prandial alkaline 
tide and with urelSe· producing urinary lraci 
inf«tion. In distal (or type I ) renal tubular acido
sis, urine pH is nOt maximally acidic even in the 
face of extreme metabolic :acidosis and a(f«ted 
patients f:ail to acidify the urine when given test 
doses of :ammonium chloride. 

Glucose 
Glucose is fredy filtered :1.1 the glomerulus (not 
protein bound) then entirely reabsorbed in the 
proximal tubu le 50 that normal urine cont :!. ins 
undetectable levels of gl ucose. Glycosuria occurs 
when the filtered lo:!.d of glucose exce,-d.s the renal 
threshold for glucose reabsorption . In diabetes 
mellitus Ihe renal threshold is exceeded by a mas
si\'e increue in filtered glucose. In Fanconi-like 
syndrome and renal glycosuria the filc ered load of 
glucose is no rmal but :a tubul:ar defect of glucose 
reabsorption results in :!. Iowercd ren:!.1 threshold. 

Haemoproteln 
A positi\'e haemoprotein re.lel ion on chemistry 
test strip indicates the presence o f erythrocytes, 
and frcc haemoglobin or myoglobin. Haem.lturia 
can be differenti:ated from haemoglobinuri:!. 
by eentrifug.ltion of urine. With haem.lturia, 

erythrocytes undergo sedimenlJlion. Usu:!.lIy the 
clinical presenution provides sufficient e\·idenee 
to distinguish between haemoglobinuri.l and 
myoglobinuria. Precise an:alytic:al differenti:!.tion 
of haemoglobin from myoglobi n in urine requires 
acrylamide gel electrophoresis or immunodiffu 
sIo n. 

Urine sediment 
Excessive cellularity of the urine sed iment is asso
ciated with urin.lry tract inflammation. The pres
ence o f b.lcteria and leucocytes indicates urinary 
traer infection. Cytologic:al e\'aluatio n o f 
freshly exfoliated cells C.ln identify neopl:!.si:!.. 
Crystalluria may be an incidenul finding or may 
b ... associ.ltcd with urolithiasis. Fat droplets arc 
:always present in feline urine and :!.hhough they 
may indiute a disturbance of lipid metabolism in 
dogs. Ihey arc usually an incidental findin g. Casu 
in urine :arc formed in the renal tubules from 
T amm- H orsfall mucoprotei n. H yaline C:UIS o ften 
appe.lr in urine sediment when the kidneys arc not 
directly invo lved in a disease process for example 
fe"er, whereOlS granular casts:are observed during 
direct ren:!.1 d.lmage. Casts conuining leucocytes 
indie:lle 2. pyogenic process in the renal 
parenehym:a, (or example pyelonephritis. 
Erythrocyte casts arc rare in dogs 2.nd cats but 
may occur in patients with acutC' glomerul:ar 
disease and haC' mo rrhagic diathesis. Wide casts 
reflect the width of hypertrophied nephrons and 
arc usu:!.lIy seen as an adaptation to reduced 
nephron numbers in chronic renal failure. 

Tubular function 

Measurement of fraction:d excretion of filtered 
substances allows :an assessment of tubular func
lion. Fr.tetional excretion (FE) is c.llculated as 
follows from simult.lneously drawn pl:!.s lm and 
urine s.lmples: 

U, P 
FE% :: x -,.!!." x 100 

Px Vet 

where Vx and P represent the urine and pl:asm:a 
concentrations 01 substancC' 'X', respectivciy :and 
p .. .lnd V <'J rcprcsent the plama and urine concen
tratio ns 0 1 creatinine, respcctively. 

When prerenal azOlaemi.l develops in :anim:ais 
with otherwise normal rC'nal fun ction, FENo is 
very low (usu.llly less th.ln 1%). By cont rast. in 
acute renal f.lilure, whC'n tubular d:amage impairs 
tubular sodium reabsorption, FENo is high 
(usu:ally > 3%). 

Urine enzymes such as gamm.l-glutamyl-

-
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with increased echogenicity in ethylene glycol 
intoxication (Adams et al .• 1991). 

• Palhophyslologlcal mechanisms 

Many causcs of ARF have been identified but all 
C2uses can be broadly di\·ided into prerenal, 
primary renal or postrenal in origi n (fable 41.7). 
TIle pathogenesis of ARF appears to be variable 
depending on the cause and no single mechanism 
C2n explain all observed pheno mena in the variety 
of experimental models of ARF that have been 
studied. The initiation and maintenance of ARF 
may involve one o r more o f the followi ng: 

I. Decreased glomcrular permeability: 
2. Renal vasoconstriction; 
3. Tubular backleak; 
4. Tubular obstruction. 

Decreased glomerular permeability may de\·elop 
as a result of ischaemic or nephrotoxic insults. 
T here may be a decrease in surface area or ultra
filt ration coefficient of glomerular capillaries. 

Reduced ren2l blood fl ow has been observed in 
all models of ARE The renin-angiotensi n system 
may playa role in initi;u ion o f vasoconstriction. 
As tubular cell damage allows poorl y modified 
tubular fluid to reach the macula densa of the jux
taglomerular apparatus. renin-angiotensin acti\'J.
tion is induced. In some instances there appears to 
be redistribut ion of blood away from superficial 
conical nephrons with resultam conical necrosis. 

Table .'.7 Aetiology 01 a<:ute renal lailure 

Prerenal causes Hypovolaemla 

Reduced 'effectlve' btood volume 

Renal haemodynamlc changes 

Primary renal causes NephrotoxIC 

InfectiOUS 
01"" 

Postle"al causes Obstruction 

Rupture 

With reduced renal blood flow thl' outer medulla 
appears to be exquisi tely sensitive to tissue anoxia 
because a relati\'ely reduced \'ascularity (com
pared to the cortex) provides perfusion to an 
epithelium with vcr)' metabolicall y activc cclls, 
for example the 53 segment o f the proximal con
voluted tubule 2nd the thick ascending limb of the 
loop of Henle. After thc initial insult , renal blood 
fl ow can return to at least 50% of normal with no 
concurrent increase in GFR. In models of ARF 
where renal blood flow increases to o r remains at 
25-50% of normal while oliguria persists, efferent 
arteriolar dilat ion has been proposed as the cause 
of reduced GFR because reduced postglomerular 
resistance red uces glomerular h),d ros tatic pres
sure to below the level at which glomerular filt ra
tion can occur. 

Tubular backleak refers to uncomrollable dif
fusion of filtrate back through the damaged tubu
lar epithelium into the renal interstitium with 
subsequent oliguria. There is eyidenee that baek
leak plays a major role in maintenance of o liguria 
in some experimental models of ARF (Ekno)'an 
cl aI., 1982). T ubular obstruction from cellular 
debris may initiate and sustain oliguria in experi
mental models of ischaemic ARF (Burke et al., 
1982) but su pportive evidence is lacking in 
nephrotoxic models except for ethylene glycol 
intoxication (Rowland, 1987). 

Although the precise mechanisms o f reduced 
renal fun ction and persistent oliguria remain in 
question, common mechanisms appear to cause 
isch:temic cell injury. Loss o f both no rmal cell 

OetIydration, haemorrhage. tIypoadrenocortlCoidlsm. hypo
aibumlllaemia. diurelic use 
Prolonged anaeslhe5la, congesllve hearllallure. antihyperten
Sive agents. sepsis 
Adreflalille. prostaglandin synthesis Inhibitors. 
haemolytlc-uraemie syndrome 

Ethylene glyCol, amlnogiyCOside antibiotiCs, heavy melliS, 
radiographIC contrast agerns. thllcelarsemlde. cisplatln. doxo
rublCin. amphotenCIll 8. methoxyflurane, tetracyclines, 
sulphonamldes. Easler lily ingestion. haemoglobin. myoglObin, 
non-sterOidal antHnflammatory drugs 
Leptos;llfoslS. ehrlichlosls, Lyme disease 
Hypercalcaemia (lymphosarcoma. cholecalCiferol rodenTicide) 

Urethral plugs (mueoidlce!lularl crystalline), urethral ulOhthll' 
sis. urethral striclure (neoplasia or trauma). bladder neoplasia 
With bilateral ureteral obstruction 
Trauma, poslobstruclion 
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membrane permeability and active transmem
br.me cle<:trolyte transpol1 causes ahered cytoso
lic composition and cell swelling (Humes, 1986). 

'Reperfusion injury', resulting from generation 
of oxygen frcc radicals o nce blood flow is re
established, rna}' also significantly contribute to 

cdlular damage. Calcium diffuses from the inter
stitium into the cystosol which norm311y has a 
very low concentration of c:alcium. Increased 
cytosolic calcium disrupts many cdl processes 
including mitochondri31 ATP production. In 
addition, isch:aemia favours cellular conversion of 
ATP into AMP, adenosine, inosine 3nd hypoun
thine (McCord. 1985). During subseq uent reper
fusion, hypox.mthine is convened into xanthine 
and uric acid with the gener:l.tion of superoxide 
which is funher metaboli:u-d to hydrogen perox
ide, hydroxyl and OIher radicals. These highly 
reactive 5pe<:ies cause pcroxidation of lipid mem
branes and other lethal cell injury. The extent of 
reperfusion injury by this mechanism may 
depend to some extent on the level of xanthine 
oxidase in tissue. There arc moderate quantities of 
xanthine oxid3se in cat kidneys but \'ery lit tle in 
the dog. 

Po lyuric ARF appeous to be a less severe form 
where GFR is reduced but combined glomerular 
and tubular disruption 3rc: insufficient to cause 
o liguria. Inste:ad, imp:aired tubular handling of the 
reduced filtrate C:luses increased urine outpUt. 

After recovery from the oliguric phase of ARF 
a massive polyuria bsting for 2+-72 h is common. 
Possible causes of polyuria include excretion of 
accumulated solutes, excretion of fluid volume 
overload from overzealous treatment and poor 
modific:ation of the glomerular filtrate by dam
aged tubular cells. 

• Diagnosis 

Patients with ARF typically exhibit sudden onset 
of depression, lethargy, anorexia, vomiting, diar
rhoea. oliguria or polyuria. tremors, seizures and 
coma with the number and severity of signs 
depending on the primary c:ause ;;md the extent o f 
renal damage. 

Once the presence of azot;J.emia is identified. 
differentiation between prerenal, primary renal 
and postrenal azotaemia must be made. In most 
palienu with prerenal azotaemia. urinc specific 
gravity is high and FE~ is < 1. Correction of a7.O
taemia by both rehydration and treatment of spe
cific prerenal factors provides further e\·idence of 
prerenal azotaemia. Extreme bladder d istension 
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or rupture of urinary tract provide evidence of 
postrenal 3.Zotaemia. Fo llowing bladder rupture 
in dogs, hyponatraemia develops and [he creati
nine levels in the ascit ic fluid arc higher than in 
serum (Burrows and Bovce, 1974). 

Once primary renalazotaemia is identified, dif
fe rentiation between ARF and CRF is necessary 
to provide appropriate tre:nment and to give an 
accurate prognosis. Acute renal fai lure is readily 
recognized when a history of exposure to a 
nephrotoxin is associated with r:apidly rising 
serum creatinine and BUN. H owe\'er, azouemia 
with relatively sudden onset of clinical signs may 
also be associated with CRF. Patients with ARF 
arc usually oliguric but milder fo rms and some 
nephrotoxins are associated with polyuria. for 
example aminoglycosides, amphotericin Band 
hypercalcaemia. Major shifu in plas ma sodium 
and potassium are more likely in ARF than in 
C RF. Patients with ARF tend not to be anaemic 
unless some other cause of anaemia exists concur
rently. Urinalysis reveals mild proteinuria with an 
active urine sediment including many granular 
casts and exfoliated epithelial cells. Calcium 
oxalate dihydrate and/or monohydrate crystal
luria is ;l,Ssocialed with ethy lene glycol intoxica
tio n (Thrall et al., 1985) and serum c:an be directly 
tested fo r recent ingestion of ethylene glycol. In 
some instances, renal biopsy is necessary to dis
tinguish between ARF and C RF and to determine 
the se\'erity of renal injury. Biopsy is not under
taken lightly in patients with ARF because of the 
high risk of haemorrhage. H owever, renal biopsy 
is usually performed if the patient is to be anaes
thetized for placement of:a dialysis catheter. 

• Management ot ARF 

In the management of ARF, recognition and cor
rection of initiating factors must be prompt to 
minimize permanent renal damage. Likely initiat
ing or predisposi ng fac tors should be identified 
and corrective or antidot:al treatment provided as 
soon as possible to limit fu rther renal damage. 
Treatment can be subdivided into non-specific 
management applicable to all patients with ARF 
~n.d. spe<:ific management which varies with the 
initiating cause. 

Non-speCifiC management 

All prerenal factors should be rapidly corrected 
with an appropriate intravenous fluid. Usually 
balanced full strength, electrolyte solutions 
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:1SS('ssmem of clinical fluid stat'us and body weight 
ue cssellIial and regular serum sodium and potu
sium rnl'asurl'ment may be necessary. The most 
appropriate fluids for the polyunc phase of ARF 
contain reduced sodium (65.5-77 mmo! I_I). 
Pm;lSsium 5uppicmelllation may be necessary but 
on no accoulll should the administration of potas
sium t.-xceed 0.5 mmol kg""1 h-I i.v. 

Control of persiSlcllI vomiting is often 
neccsury in ARF. Cimetidine hydrochloridl' 
5- 10 mg kg""' i.v., i.m. or p.o. tid, ranitidinl' 
2 mg kg-' p.o. bid and the prolon pump inhibitor, 
omeprazole given at 0.7-1.0 mg kifl p.o. sid (not 
in c:ns) arc effcctivl' anliemetic5 (Thornhill, 198J). 
Metoclopramide 0.2-0.4 mg kg-I p.o or s.q. tid 
may control abnormal motility and promote nor
mal gastric emptying. When vomiting is se\'cre 
and unrelenting, chlorpromazine J mg kg-I p.o. 
sid to qid is a powerful centrally acting antiemetic. 
At higher doses chlorpromazine may lower blood 
pressure so the lowest effeclivl' dose should 
be given. Chlorpromazine :also causes sedation 
which rna)' complicate clinical assessment of the 
patient. 

Peritoneal dialysis is indicated in patients with 
se\'ere a7.ouemia, life-threatening hyperk:alaemia. 
sl','erl' acidlemil, voluml' overload with conges
tive hean fli!url' and drug intoxicltion. Pentoneal 
dialysis is expensive, time consuming lnd :tSsoci
lted with high morbidity so the procedure is usu
l ily confined to p,uients with a rl':tSonable chancl' 
of having kidney function restored and pltients 
undergoing renal transplantation thn require ini
tial dialysis support. Results of peritOneal d ialysis 
have been poor in veterinary medicinl' with less 
than 24 % survival (Crisp ct al .. 1989). These dis
couraging results reflect complications of treat
ment, the e;>;.tent of renll dlmage and poor 
survivability of pnients with severc A RF. 

CHRONIC RENAL FAILURE I 623 

Specific management 
Specific treatment for the causes of ARF :tre avail
able for ethylenl' glycol intoxication and lep
tospirosis. The lethal dose of ethylene glycol can 
be:tS 10w:lS 4.2-6.6 ml kg-' in dogs :tnd 1.5 Illi kg-' 
in cats. into;>;.icated patients first develop vomiting 
and diarrhoca with hypovol:temia, metabolic 
acidosis with a wide anion gap, hypenonicilY and 
neurological signs. After recO"ery from the initial 
phase, patients develop oliguric ARF. Specific 
trl'atment with Ihe alcohol dehydrogenase 
inhibitors, ethanol or 4-methylpynzoll', should 
be given within 24 h of ethylene glycol ingestion 
(f lble 41.9). Treatment with sodium bicarbonate 
to correct metabolic acidosis can also increase 
survival. 

Leptospirosis is best treated with penicillin and 
streptomycin. Penicillin suppresses leplOspiral 
growth but usually fails to eliminate the organism. 
Streptomycin is capable of eliminating leptospires 
from the urinary tract but is potentially nephro
toxic. During the acute phase of leplOspirosis, 
patients arc best trelted with penicillin G 
50000 u kg- ' i.m. every 12 h for 10 days. Once 
renal function returns tow:trd normal, streptO
mycin 10 mg klf ' i.m. or s.q. qid for 7 days may 
be gi\'en to eliminate the carner state. 

I CHRONIC RENAL FAILURE 

• HI,lory 

Chronic renal failure, a state of stable or slo ..... ly 
progressi,'c azotaemi:t occurs at a meln age of 7 
years in dogs :and 7.4 Yl':ars in cats (Cowgill, 197J). 
However, in dogs there is a peak in the young 
bec:ause of congenital lnd developmental renal 

Table 41 .9 Treatment of ethylene olycollntoxlcallon In dogs and cats 

Etllanol 2O% 

4-methylpyrazole 
5% (Grall!!" and ThraH. 1986) 

Sodillm 
bicarbonate 5%' 
(emPirical) 

DOllS 

5,5 ml kg ' IY q 4 II .: 5 
IlIenq6h.: 4 
lOmo kll 'iY 
lhen 15 mo kll I !.v. at 12 and 24 h 
then 5 mil kg 'I.v. at 36 II 
88mlkg 'I p 011.Y.q 4h .:5 
thenq6h x 4 

• Formula Should be used when possible 
Bicarbonate cIeficrt. 0 5 Jt BW (kg).: flO - Pitient HCOJ 
(recheck serum bicarnonata and repeal adminlstntion q 6 h). 

Ca. 

5 ml kg·' tv. q6h .: 5 
thenq811x 4 
No data 

66mlkg'lpori.y. 
q4h x 5 
thenq6.: 4 
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disease (Da\'enport, 1986). Prolonged azot'aernia 
;md altea"<i renal funclion combine to give rise to 
the spectrum of clinical fe;ltures known ;1.5 the 
uraemic syndrome. Affected animals demonstrate 
reduced appet ite, gradual weight loss and a poor 
hair coat. BollI thirst and urine volume arc 
increased with many patients needing to urinate 
duri ng the night. Vomiting is common and in 
ad\'anced cases melaena may develop. Exercise 
tolerance is reduced and, on occasion, affected 
animals de\'elop muscle tremors and seizures. 

• Clinical signs 

On physical examination, the signs mentioned 
above may be apparent and hypothermia is com
mon. A charact(!'ristic hal itosis known as 'uraemic 

breath' is often present. Oral mucous membranes 
arc usually pale and shallow ulcers of the oral 
mucosa :'lfe often present. In long-standing 
patients, extreme flexibility of the mandible may 
be present (rubber jaw) but this is uncommon. In 
young dogs. both the mandible and maxilla may 
appear swollen and the teeth may be loose. 
Hypertension is common. 

• Palhophyslologlcal mechanisms 

The aetiology of CRF in doss and cats is often 
obscure and the primary cause may be no longer 
present even though renal disease persists and 
progresses. Some o f the known causes of C RF in 
dogs and cats arc shown in Table 41.10. 

Several factors contribute to the normocytic, 

Table 41.10 Aetiology 01 CRF in the dog and cat 

00, 

Idiopathic chronic Interstitial .,ephritis 
IrreverSible ARF 
Familial lenal dysplasia and aplasia 

Norwegian elkl10und 
Lhasa apso 
Shih tzu 
Samoyed 
Cocker spaniel 
Doberman pinscher 
Standard poodle 
Go/den retrieVer 
Sott-coated wheaten terrier 

Congenital polycystiC kidney disease 
Calm terner 

Amyloidosis 
Familial 

Shar per 
Beagle 

OCher 
Glomerulonephritis' 
Hypercalcaemia 
Bilateral hydronephrosIS 
LeptospirOSIS 
Pyelonephritis 

bacterial 
ascending 
haematogenous (SBE) 

fungal 
NephrolithiaSIS. bi!ater31 
FaneonHike syndrome 

Basenji 
Keeshond 

HyperlenSlon (1) 

I See section on glomerulonephritis. 

C,I 

tdiDpathic chronic Interstitial nephri tiS 
Irreverslble ARF 
Renal lymphosarcoma 
PyogranuJomatous nephntls 01 AP 
POlycystIC Judney disease 

adult 
familial In Persian cats 

conoemtal 
Glomerulonephntis' 
Bilateral trydronephrosis 
Amyloidosis 

familial in Abyssinian cats 
PyelonephritiS 
Hypokalaemla (1) 
Nephro~t hiasis. bilateral 



Figure 41 .2 Pathogenesis of anaemia in chronic renal 
failure. 

normochromic an;l.emia of CRF in dogs and cats 
(Fig. 41.2). The main nuse o f anaemia in C RF 
is reduced renal production of erythropoietin 
(Cowgill et al., 1990). Erythrocyte life span is 
reduced in pan b«ause of elevated PTH 
levels l1nd reduced erythroc)·te glutathione. 
Gastrointestinal blood loss may be enhanced 
bcel1use reduced platelet serotonin, ADP and 
thromboxane Al production and incre;l.soo vessel 
wall PCl1 production induce platelet d ysfunction. 
Finally, elevated erythrocyte 2,3-diphosphoglye
craie levels facilill1le oxygen delivery to peripheral 
tissues so that a lower Ihan normal haematocrit 
provides normal tissue oxygenat ion. 
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Animals with C RF are un;l.ble to produce 
urine concentration mueh above or below 
300 mOsm kg" HzO (SC = 1.010). Increased 
tubular nuid now roue in the remaining funceiona! 
nephrons and increased medullary blood no w 
through the vasa recta mediated by atrial nalri
uretic factor impair development o f medullary 
hypeno nicity. Also, collecting duct permeability 
in response 10 vasopressin may be impairccl. 

O ral ulcerations and sh;l.lIow erosions of the 
stomach and small intestine develop in C RF 
(C heville, 1979). Vomiting, anorexia and melaena 
arc common. The cause of oral and gutrointesti
oal signs arc obscure. H ydro lysis of urea to 
ammonia in saliva may play a role in oral ulcera
tion and disruption of the prol l."Ctive integrity of 
gastrointestinal mucus by urea may induce 
anorexia, vomiting and melaena. Also, high gU
trin levels in dogs with CRF may increase gastric 
acid productio n and contribute to gastritis 
(Thornhill,1983). 

Fibro us osteodystrophy develops in C RF 
because o f renal secondary hyperparathyroidism. 
impaired renal production of 1,25· dihydroxy
cholecalciferol (nlcitriol), impaiTl-d gastrointesti
nal calcium absorption and chronic metabolic 
acidosis (Fig. 41 .3). As G FR dl."Creasc$ phospho
rus tends to be retained. In early CRF, normal 
plasma phosphate levels arc preserved by the 
phosphaturic effC{:t o f PTH which inhibits tubu
lar phosphate reabsorption. As G FR d~clines fur · 
ther in advancccl C RF, ev~n maxim:!.1 inhibitio n o f 
phosphate reabsorption by elevated PTH fails to 
maintain normophosphattemia and serum phos
phate levels rise. Loss of renal parenchymal 
mass and hypcrphosphataemia impair renal 

I 

Figura 41.3 Pathogenesis 01 metabolic bone 
disease in chronic renal failure. 

H' retelltiQn I 

Bone botfering 
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patients with H I-histami ne receptor antagonists 
(fhomhill, 1983) such as cimetidinc hydro
chloride (5--1 0 mg kg-' p.o. tid to qid in dogs; 2.5-
5 mg kg-I p.o. tid to bid in caul or rani tidine 
hydrochlo ride (0.5 mg kg-I p.o. bid in dogs ;md 
cats). In addition, the proton pump inhibitor, 
omeprazole given at 0.7-1.0 mg kg-' p.o. sid (nOl 
in cats) can be effective. For gastric motility dis
turbances. metocloprnmide 0.2-004 mg kg-I p.o. 
tid in dogs and catS has also proved effective in the 
control o f vomiting. For refnlctory vomiting, cen
trally acting antiemetics can be used as a choice of 
last resort (Borisoll and H ebcrtson, 1959), for 
example trimethobenzamide 3 mg kg-' p.o. tid in 
dogs only; prochlorperazine 0.13 mg kg-' p.o . tid 
to qid in dogs and cau; and chlorpromazine 0.5-
2 mg kg-I p.o. sid to q id in dogs and caLS. Long
term use of cent rally :lCting antiemetics is not 
recommended because they cause d rowsiness. 

• Antihypertensives 

Antihypertensives should be reserved for those 
patients with documented severe hyperten.sion 
~aring in mind that even severe hypertension can 
be clinically silem (Cowgill and Kallet. 1986). 
Treatment fo r hypertension should be instituted 
in a stepwise manner, with re-evalaution of blood 
pressure after 2-4 weeks o f treatm ent before 
adding the next level of treatment (Ross, 1992). 
The fi rst step is to feed a lo w sodium diet that pro
vides NaCI at 50-60 mg 100 kcal-I ME day-' . The 
second SICP is treatment with a d iuretic such as 
hydrochlorothiazide 1-5 mg kg- ' p.o. bid for dogs 
and 2-4 mg kg- ' p.o. bid for cats. Animals in renal 
failure that do not respond to thiazide diuretics 
can be given frusemide 0.5- 2 rng kg- ' p.o sid to bid 
for dogs and cats. Conservative doses should be 
given and pauents cheeked regularl y for dehydra
tion which must be avoided. The third step uses 
beta-blockers. Alenolol2 mg kg- ' p.o. sid for dogs 
and cats (Littman, 1992) o r propranolol 0.2-
I mg kg-' p.o. tid for dogs and 2.5- 5 mg p.o. bid to 
tid for cau are: the: mosl commonly used. The 
fourth step uses vasodilators such as the alpha 
;l,drenergic antagonist prazosin 0.25-2 mg p.o. tid 
for dogs and cats or Ihe angiotensin II converting 
enzyme (ACE) inhibitors enalapril 0.5-3 mg kg-' 
p.o. sid to bid fo r dogs and 0.2s-<l.5 mg kg-I p.o. 
sid to bid for cats and captopril 0.5-2 mg kg-' p.o. 
tid for dogs and 6.25--12.5 mg p.o. bid 10 tid in 
cats. Calcium channel blocken such as d il tiazem 
may be used fo r \'uodilation but should not be 
used with propranolol as both are negative 
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inolropes (Littman, 1992). When multiple drug 
regimens arc required the potential for drug iOleT
actions becomes more likely particul arl}· in C RF 
when drug retention and enhanced drug effectS 
may occur. 

• Progression 

The rate of progression of C RF can be monitored 
by serial measurement of GFR. With the 
exception of scintigraphy, which requires special 
expensive equipment, accurate measuremelll of 
GFR by clearanu methods is tedious in the clini 
cal setting. PloLS of the reciprocal of serum creati
nine against time have been suggested as a means 
to assess the rate of progression of renal disease 
and the e(feet of various Iherapeutic strategies to 
alter progression in both humans and dogs (Mitch 
CI al.. 1976; Allen e' al .• 1987). Unfortunately, 
such plolS arc relath'ely inaccurate and may have 
limitl-d value (Walser et al. 1989). Special auen+ 
tion should be paid to those factors that arc 
known to contribUte to the progressio n of CRF in 
dogs and cats including high dietary phosphorus 
intake and severe hypertension in both dogs and 
cats and hypokalaemia in cau. 

I Dose ad/ ustment In patients with 
renal fa lure 

Adverse drug side ef(tocts are mOTe common in 
animals with C RF (Senior, 1979; Riviere, 1984). 
Drugs excreted primari ly by the kidneys tend to 
accumulate to higher than desired plasma levels 
when normal doses are givcn. Also, drug distribu
rion and protein binding are altered in azotaemia 
so that side effects aTe enh:1Ilced. 

Drugs primarily excreted by non-renal systems 
arc less likely to cause a problem. Drugs primarily 
excreted by Ihe kidneys may be (I ) innocuous 
e\'en at very high blood concentration; (2) tox ic at 
high plasma concentration; or. even worse, (3) 
nephrotoxic at high plasma concentration. For 
drugs excreted primarily by the kidneys, dose 
adjustment should ideall y be based on measured 
drug blood levels o r by using an accurate 
measurement of the patient's GFR to estimate 
the dose frac tio n (K,) (Ri\·iere. 1984). 

K/ = palicnl GFRlnorm~1 GI' R 

Dose modification can be made in twO ways: ( l) 
dose reduction, divide the normal dose by Kft and 
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(2) intcrv:tl :tdjustment, multiply the norm:tl dosc 
interval by Kf• As CFR estimations arc not av:til
:tble in most clinical situations tile rcciproc:tl of 
serum creatinine can be used to estimate Kf 
provided the serum creatinine is less Ihan 
350 ~moJ 1-'. Aminoglycoside :tntimicrobials 
require precise dose :tdjustmem c2\cul:ttcd fro m 
K, and increased interval, fixed dose adjustment 
appc:trs to be: Icss ncphrotoxic than reduced dose, 
fixed interv:tladjustment (Riviere, 1984). A list of 
drugs th:tt require dosc adjustment in azotaemia is 
shown in Table RH . 

• Transplantation 

Renal transplanution has proven reasonably 
succcssful between unrel:tted cats. Cyclosporinc 
and prednisolone immunosuppression prcvented 
acutc allograft rejection. Only limitcd success has 
been achicved in dogs. 

I GLOMERULONEPHROPATHY 

Glomerulonephropathy (CN) disrupts the 
permselectivity of the glomerular filtratio n mcch
:tnism so th:tt large quanti ties of serum proteins 
arc filtered. GN is caused by the accumulation of 
immune complexes or amyloid in the glomerulus 
(MacDougall et al., 1986; DiBariola and Benson, 
1989). If proteinuria is suffic iently large, hypo
albuminaemia and peripheral oedema develop, 
i.e. the nephrotic syndrome (NS). Severe and 
persistent GN le:tds to C RF. 

• History 

Historical findings and abnormalities on physical 
ex:tmination often relate more to underlying non
rcnal primary disease :tnd complic:ttions of NS 
rather than to GN per $/' . Affccted 3nim31s tend to 
be young :tdul ts (Wright I't al., 1981; Wright and 
Nuh, 1983; Anhur tt .. I., 1986; Jaenke :;and Allen. 
1986). Animals with he.tvy proteinuria lose 
wcight, :trc lethargic and muscle w:tm:d, :tnd 
develop peripheral oedema and 3scites. Signs a550-
ci;lted with C RF develop once patients become 
azotaemic. Associated hypenension can cause 
sudden blindness bec3use of retinal detachment 
(Cowgill :tnd K:tllet, 1986) :lOd pulmonary throm
boembolism can cause hyperpnoc3, respiratory 
distre5s and sudden death (Slauson and G ribble, 
1971; DiBartola and Meuten, 1980). 
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• Clinical signs 

Mild GN is oft en undetectable on physical exam
ination. Peripheral oedema and mild ascitC5 may 
be present. Affected kidneys may be uniformly 
enlarged, p:tnicularly in :tmyloidosis but norrn:tl 
sized and small kidneys can be observed, p3 rticu
l:trly in long-standing dise:ue. Collected urin!! 
forms a foam when shaken due to the high protein 
content. H ypen ension is present in 80% of dogs 
with GN (Cowgill and Kallet, 1986). 

• Pathophyslotogy 

Glomerular disease with proteinuria is an 
extremely common accompaniment to many 
non-renal discases where the proteinuria is never 
clinically significant and GN resolves once the 
primary cause is eliminated. M:tssive immune
complex deposition and amyloidosis causing 
he:tv)' proteinuria, NS, and progression into CRF 
are much less common. The causes of CN in dogs 
and eats are shown in Table 41.14. Most cases of 
GN arc secondary to a chronic nOli-renal disorder 
(Center el ai., 1987). In slomerulonephritis the 
fundamental mechanism of injury involves activa
tion of complement by antigen-antibody com 
plexes locatcd at various si tes in the glomerulus. 
Although there may be instances where circulat
ing immune complexes are deposited in the 
glomerulus, most antigens arc 'plantC'd' first 
before complexing with antibody. The source 
of antigen is often unknown but patients with 
diseases where circulating antigen is more 
common tend to develop glomerulonephritis, fo r 
example chronic inflammation and neoplasia. 
Complement activation pl:tys a major role in 
inducing glomerular injury and pro teinuria. 
V:tscular endothelial damage causes activ:Hion of 
platelets and the coagulation cascade leading to 
further tissue' dam.tge and fibri n deposition. 
Thromboxane A~ appears 10 be a mediator of 
platelet activation and leucocyte chemotaxis 
(G rauer et al., 1982). Immune-med iated damage 
alters glomerular permselectivi lY causi ng pro tein
uria and reduces basrment membrane permeabil
ity causing reduced CFR. Antigen-antibody 
complexes may deposit in various locations: 
subendothelial, basement membrane, subepithe
lial o r mesangia\. HC:lVier cellular infilt ration 
is :tssociatC'd with subendothelial deposition. 
Mesangioprol iferat i\'c, membr.moproliferat i ve 
and membranous histological appearances all have 
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mly be reduced by low-dose aspirin treatment 
but e\' idence of effectiveness in dogs and cats with 
GN is lacking. Anticoagulants such as heparin 
lnd coum;lrin and other platelet function 
inhibitors such as d ipyridamole m;ty be o f benefit 
but guidelines for treatment 11:1\'1.' not been estab
lished in dogs and calS. 

Antlhypertenslves 
The discussion of Ireatment for hypenension on 
page 629 is rcle\'3nt to patients with GN. Initial 
treJtment should be It the low end of the dose 
range $0 that se\'ere hypotension is 3\'oided. . 'n,e 
ACE inhibitors. for example captopril 05-
2 mg kg-I p.o. bid in dogs and 3.15-6.25 mg p.o. 
bid in em or en3lapril 0. 1-0.5 mg kg-I p.o. sid to 
bid in dogs 1ll3Y be better than other antihyper
tcnsi"e 3gCl1tS beC3.use they reduce efferent arteri
o lar sphincter tonto and reduce glomerular 
capillary hydrostatic pressure (H eeg et .1/., 1987). 
However, a positive dfect o f ACE inhibitors 
in d iminishing proteinuria and p rogression of 
glomerular disease has nOI been documenled in 
dogs ;md cats. 

Sp,ciflc tmatment 

Immunosuppressive 811enls 
Human p3tients with GN have been Irelled with 
conicosteroids, lzathio prine, cyclophosphamide 
and cyclosporin A. Conicosteroids lre beneficial 
in ' mi niml l change' disease and se\'eral other 
morphological (arms of glo meru lonephritis in 
humans and high dose 'pulse ther:tpy' with 
methylprednisolone followed by long-ternl oral 
treltment has pro"en effective (Glassock, 1985). 
In dogs and cats, the beneficial effect of corticos
teroids is not so elelr and side effects such as 
increased azotaemi3, increased proteinuria 
(Center et al., 1987) and enhlnced risk o f throm
boembolism (Burns et aI. , 198 1) may outweigh 
potential benefits. Corticosteroids may be effec
tive in cats with membranous glomeru lo nephritis 
(Nash et aI., 1979). Similarly beneficial effects of 
azathioprine, cyclophosphamide :lnd cyclosporin 
A have yet to be documented in dogs and cats 
with glomerulonephritis. 

Dimethyl sulphoxide (OMSO) and colchicine In 
amyloidosis 
Administr:t tion of DMSO (80 mg klfl s.q. three 
times weekly) reduced proteinuria in tWO dogs 
with amyloidosis but other studies fai led to 
demo nstrate a benefi cil l effect (Gruys et al., 
1981). Colchicine has been shown to be of benefit 
in certain forms of amyloidosis in humans but 

evidence of clinical effecti\'eness in dogs and cats 
is lacking. 

Patients given specific and no n-specific treat
ment fo r GN should be monitored regullrly by 
measu rement of serum albumin, GFR. U"" O seil'
ing coefficient of albumin and blood pressure so 
that appropriate treatment eh:l.nges may be made 
as necesslry. 

I NEPHROGENIC DIABETES INSIPIDUS 

Neph rogenic diabetes insipidus (N0l) causes 
polyuria and secondary polydipsia because of 
impaired rena] tubular responsiveness to ,'aso
pressin. A rare congenital form has been described 
in dogs but most patients have an acquired form 
Goles and Dr:tys, 1979). Affected an imals drink 
large volumes of water :lnd pass 5- 20 times the 
normal volume of urine. Nocturia, vomiting and 
abdominal d istension nn occur and, in congenital 
NDI, growth mly be retarded. On physical 
examination. the urinlry bladder is usually very 
large lnd urine specific gravity Cln be as low as 
1.000-1.005. The defect responsible for the rare 
congenitll form hl s not been elucidated in 
humlllS or dogs but in an experimental mouse 
model of congenit ;tl NDI, dcrreased intr:tcellular 
cyclic AMP levels in respo nse to \'lsopressi n ha"c 
been described which may have been partly due 
to high cyclic M .. \P phosphodiesterase in the 
medullary collecting duct Oackson et al., 1980). 
Diagnosis of congenital NO I is blSed on life-long 
po lyuri3 and polydipsia in l young l nimll, hypo
tonic urine. elimination of causes of acq uired 
NDI , and inability to concentr:tle urine in 
response to water deprivation, hypertonic saline 
10lding and ADH administr:u ion. Although 
specific tre.ttment is not a\'aibble for congeni tal 
NDI, urine "olume can be decrelSed by feeding l 
low sodium diet and long-term treatment with 
a thiazide diuretic, for example ehlorothiazide 
20-40 mg klfl p.o. bid. This combination is 
thought to reduce urine volume by reducing ECF 
\'olume and therefore GFR. A greater proponion 
of filt ered fluid is then reabsorbed proximally so 
that less fluid reaches the distal tubule and u rine 
volume is decreased. 

Many acquired causes o f impaired renal con
centrating clpacity hl\'e been idcntifiL-d in dogs 
and C.tts (Tlble 4\.15). However, in many 
patients, the precise cause of the concentrating 
defect remains obscure. Management of acquired 
NOI is based on eliminl tion o f the primary 
cause. 
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Table 41 .15 causes of Impaired renal concentrating capacity 
in dogs and cats 

ChrOflic renal failure 
Hypokalaeml3 
Hypercalcaemia 
Fanconi·like syndrome 
low protein diet 
Medul lary washout 
PostobstructlVe diuresis 
Potyuric phase of ARF 
Amphotericin B treatment 
Amlnoglycoside treatment 

I CONGENITAL RENAL DEFECTS 

Many congcnit,,! and familial renal defects have 
been identifi(-d in dogs and cats (fable 41.1 6). 
Azotaemia and the u raemic syndrome develop in 
immature animals with renal dyspl:lsia, conic:ll 
hypoplnsia. familial glomerulonephritis and tubu
loimerstital nephrop:lthy, C hronic renal failure 
develops in you ng adult Abyssinian cats with 
amyloidosis and middle aged or o lder dogs with 
Fanco ni-like synd rome and cats with polycystic 
kidney d is{"nse. Unilateral renal agenesis, primary 
renal glycosuria, and cystinuria do not cause 
CRF. 

• Renal dysplasia 

Renal dysplasia has been reported in a wide range 
o f dog breeds and cats (fable 41.1 6) and may 
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de\'e\op in individu:lls of any breed and in 
mixbreeds. The history and clinical signs arc those 
of eRF but patients tend to be ,'cry resistant to 
azotaemia, often exhibiting few clinical problems 
other than reduced growth until they arc 
extremely azotaemic. Dramatic fibrous osteodys
trophy is often observed in animals that have C RF 
during growth. Affectt-d :lnimals arc often small{"r 
than normal siblings. Progression towards end
stage renal disease is variable but long-term prog
nosis is usually poor. The pathogenesis of renal 
dysplasia is uncertain but a genetic basis for the 
disease is suspected (Bovce, 1984). Diagnosis of 
renal dysplasia is based o n the ;l.ppear;l.Ilce of C RF 
in an immamTe o r young animal. The kidneys arc 
usually small and irregular on palpation and 
radiographically but they can be normal sized. As 
the his[Ological lesions tend to be segmental, a 
large wedge biopsy may be necessary [0 observe 
patchy areas o f small and fetal glo meruli and dys
trophic shrunken nephrons surrounded b y 
fibrous tissue (O'Brien et aI. , 1982; Picut! and 
Lewis, 1987). Treatment for ren2! dysplasi:l is the 
same as that for e RF. 

• PolYCYStiC kidney disease 

T he mosl com mon form of polycystic kidney d is
ease (PC KD) develops in adult lo ng-haired cats 
(Lulich ct al .• 1988; Biller ct al., 19(0). Bilateral 
renal enlargement c;l.used by multiple large cysts 
is observed in cats with progressive C RF. Owners 
may report dark urine ind icative of renal bleed ing 

Table 41.16 Congenital and familial renal diseases In dogs and cats 

Do, 
Cortical hypoplasia 

Dysplasia 

Agenesis lunilateral) 
Tubulolnterstilial nephropathy 
G lome ru lonep IIritlS 
Amyloidosis 
Fanconi·like syndrome 
Renal glytosuria 
Cystinuria 
PoIycyslic kidrMly disease 

Cot 
Amyloidosis 
Polycystic kidney disease 
Uniialeral renal aoenesls 

Alaskan malamute, COClier S9anlel. keeshond, IriSh wollhound, King Charles spaniel, 
lllasa apso, samoyed. Shih tzu 
Alaskan malamute, beagle, boxer, bulldog, greal Dane, great Pyranees. soft-coated 
whealen lerrier, slandard poollle, Yor'Kshir6 terrier 
Beagle. Doberman pinscher 
Norwegl3n elkhound 
Doberman pinscher, samoyed, English cocker spaniel 
Sliar pel 
Basenli. Norwegian elkt1ound. schnauzer, Shetland sheepdog 
NOlWCllian elkhound. Scottish terrier. mongrels 
Dachshund. bulldog. basset hound. chihuahua, Yornhlre lerrier, IriSh terrier 
cairn terner 

AbysSinian 
DlH. Hml31ayan 
DSH, Himalayan 



5~v~r~ acut~ cystitis can be associated with fever 
and l~ucocylOsis. Most patients with UTI arc 
afebrile. The majority of patients have a more 
chronic form of UTI with minim3.1 clinical signs. 
The bladder wall may be slightly thickened but is 
usually not p3.inful o n palpation. Urine is mal
odorous and cloudy. 

• Pathophystolog lcal mechanisms 

Almost all UTI is caused by asccnding infection. 
UTI develops when bacterial virulence is suffi 
ci~nI to overcome host defences. When host 
dcfenc~s ar~ normal, only virul~nI bacteria ar~ 
capabl~ of colonization but when host defences 
are reduced, more opportunistic bacteria can col
onize. Sev~n sp«i~s of bacteria account for most 
UTI in dogs (fable 41. 17) (Ling and Ruby, 1978; 
Barsanti and Finco, 1979a; Ling, 1983). Bacterial 
virulence factors that enable colonization and 
penetr:nion of tissue include expression of 
adh~sins by which bacteria attach 10 uroepithelial 
cell binding sites, toxin production. urease pro
duction, expression of certain O:K:H serotypes, 
production of colicins to inhibit the growth 
of competing bactena, and production of 
haemolysins and iron-chclating agents that enable 
bactena to scavenge iron, an essential requirement 
for bacterial growth (Westerlund Cl al., 1987; 
Senior et al. 1992). 

Host defences that serve to maintain a sterile 
unn3.ry tract include frequent, complete voiding, 
increased urethral length 3.nd normal urethral 
pressure, properties of mucus and uroepitheli.:ll 
cells that prevent b3.ctenal attachment, unnary 
secretion of immunoglobulin. 3.cidic urine pH and 
high urine osmolality which can suppress bacter
ial growth and other as yet unidentified factors 
(Osborne and Klausner, 1979). Specific condi-

Tl ble 41.17 Frequency 01 bacterial isolates Irom urinary IraCI 
infection in dogs 

Frequenty (%) 

EsdI!richia coli 2H7 
Staphylococcus sp. 11-19 
Proteus mimbilis 3-32 
Streptococcus sp. 3-22 
Klebsiella pneumoniae 2-a 
Pseudomonas ael1J(Jinosa 2-4 
Enterobacter ctoaC<le 2-6 
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tions that compromise one or more of the above 
defences include tumours ;l.nd polyps, urolithiasis, 
atonic bladder, urethnl obstruction, hypcr
adrenocot1icoidism, persistent urachal diverticu 
lum, indwelling urethral catheter and 
urethrostomy. 

• Diagnosis 

Although history, clinical signs and urinalysis 
results may be suggestive of UTI, diagnosis is 
confirmed by finding microbes in the urine sedi
ment 3.nd by isolation of microorganisms on urine 
culture. Urine shou ld be collected by eystocente
sis to avoid contamin3.tion o f the sp«imen with 
genital microorganisms (Lees et al., 1984). The 
:matomieallevcl of infection may be impossible to 
determine. Although most infections appear to be 
confined to the lower urin:lry tract, the prostate 
is frequently involved in intact male dogs. 
Pyelonephritis can b~ di;l.gnosed in those rlr~ 
instances when white blood cell casts appear in 
the urine sediment. Accurate determination of 
upper urin;l.ry tract infection requires coll«tion 
o f renal pelvic urine by re trogr;l.d~ ureteral 
eathetenzation (Senior and Newm;l.n, 1986) or by 
nephropyelocentesis (Ling ct al., 1979) both of 
which are not usu;l.lIy practiul in a clinical setting. 
Sublumbar pain, leucocytosis and characteristic 
findings on intravenous urography such as dilated 
renal pelvis ;md dilated ureters (Blrbcr and Finco, 
1979) c;l.n suppOrt but not con firm 3. diagnosis of 
pyelonephritis. Ultrasound findings can ;tlso be 
suppot1ive of pyelonephritis but do nOl provide 
confirmation (Ncuwirth et ai., 1993). Fungll 
infections can be identified by r«ognition of 
characteristic fungal elements in the urine sedi
ment and confi rmed by fungal cultur~. 

• Management 

For patients with a first episode of lower UT I, 
empirical treatment can be given based on the 
known antimicrobial sensitivity patterns of the 
major urop;tthogens (fable 41.18). Antimicrobial 
sensitivity tests are indicated wh~n amimicrobi;tl 
treatment has been given in the r«em P3.S1 
because previously treated UTI is usually associ
ated with more resistant strains of bacteria. 
Minimum inhibitory concentration (M IC) tests 
should be performed for each antimicrobial and 
drugs arc likely to be successful if mean urinary 
concentration of the antimicrobi;l.l exceeds the 
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tified, cannot be eliminated, long-term low-dose 
antimicrobial treatment is indic;lted. Patients arc 
given a full course of antimicrobial based on 
sensitivity tes t results for the initial 3--4 weeks of 
trc.atment. T rcatment is then continued for at least 
6 months by giving 50% of the regular daily dose 
at night after the patient has voided. Long-term 
treatment is often successful and development of 
resistant infection is seldom a problem. 

Asymptomatic fungal infections confined to 
the lower urinary tract can be treated by diminat
ing the underlying predisposing cause and 
alkalinizing the urine to pH > 7.5 with sodium 
bicarbonate 12 mg kg-I p.o. bid or potassium 
citrate 50 mg kg-I p.o. bid (Lulich and Osborne, 
1992). Symptomatic and renal infections should 
be treated with antifungal agents based on anti
fungal sensitivity tests. Amphotericin B can be 
given by direct bladder irrigation, flucytosine 
50 mg kg-I p.o. qid is also effective but develop
ment of fungal resistance can be rapid . Flucona
zole is an eHectivc antifungal agent fo r renal 
infections in humans. The human dose is 200-
400 mg day-I but veterin3ry doses have not been 
established. 

I UROLITHIASIS 

• History 

The most common uroliths in dogs and cats arc 
composed of struvite, calcium oxalate, ammo-

Tatl, 41 .2fI Analysis of uroliths from dogs al'ld cats 

R"entnee Tolal no. SlruvUe 
eumlned 

Do, Brodey (1955) 52 42 
White (1966) 350 21 1 
Flnco el al. (1970) 73 62 
Weaver (1970) 100 53 
Clark (1974) 110 49 
BroWfl el al. (1977) 438 307 
Hicki llQ el a/. (1981) 299' 151 
Bovu and McGUire (1984) 272' 187 
Osborne el al. (19BSa) 2700' 1584 
Hessa (1990) 1731 ' 951 
Escolar (1990) 171' 79 

Col Osborne et aI. (19BSa) 1200' ' 42 
UIlQ etal. (199Ob) 150 121 
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nium urate and cystine; however, in both species, 
the proponion3l incidence of stru vite uroliths 
appears to be decreasing while that of calcium 
oxalate uroliths is incre3Sing (fable 41.20) 
(Osborne et al., 1996). Age, breed and sex distrib
ution vanes with urol ith type (fable 41.21 ). 
Nephroliths may cause renal failure panicularly if 
the uroliths arc infected. Ureteral uroliths are 
rarely recognized. The majority of uroliths in 
dogs and cats arc located in the bladder. Urethral 
uroliths 3re common in males and r3re in fem3.les. 
In dogs, urethral uroliths tend to lodge proxim3.1 
to the os penis and subsequent urethral outflow 
obstruction causes postrenal azotaemia and risk 
of eventual acute renal failu re. 

• Cllnlcat signs 

C iiniC31 signs V3ry with the loc3tion of uroliths. 
Nephroliths m3y cause sublumbar pai n and 
h3ematuria but they arc usually clinically silent. 
Cystic uroliths c.ause signs of lowcr urin3.ry tr.lCt 
inflamm:uion with haematu ria, pollakiuria and 
stranguria. Physical examination of bladder 
uroli ths reveals a thickened bladder wall with a 
solid movable mass in the lumen. Multiple cystic 
uroliths produce crepitus on palpatio n. Urethral 
uroliths in male dogs cause stranguria and inter
mittent inconti nence with 3. full bladder. In C3ts, 
co mplete urethral obstructio n may prevent urine 
dribbl ing. Urethral catheteri7.2tion may be diffi
cu lt with urethral uroliths. 

Urate Cyst ine Qulale OIher 

10 
18 67 54 
6 5 0 -

13 20 14 
2 " 35 -

21 95 12 3 
16 37 4 18 
19 9 27 30 

161 49 427 479 
118 377 87 198 
13 44 28 7 

67 2 127 162 
5 11 13 

• Thase surwys used accurate crystaJlooraphlc, Inlra;!ld spectroscopy or X·ray diffractiOn meltlOds 01 urolittl analySIs. 
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cal chemistry of urine is complicated by the inter
action of ions and particles that make up uroliths 
with other ions in urine 50 that many o rganic and 
inorganic substances may act as inhibitOrs or pro
mOlers of crystal formation and growth. 

Risk factors predisposing to struv;t e urolithia
sis include high dietary magnesium and phospho
rus, concentratcd urine and most imponamly, 
alk;l.line urine. Thc most impo rtant risk facto r 
predisposing to struvite urolithiasis is increased 
urine pH (faton et ai., 1984; Buffington, 1989; 
Skoch et al. , 1991 ). However, increased renal 
excretion of magnesium and phosphate ;l.nd high 
urine osmolality also contribute. In dogs with 
5truvite urolithi3Sis, increased urine pH is most 
often caused by urease-producing infections, 
e.g. Staphylococcus intenneJiJls and Proteus spp. 
(Weaver and Pillinger, 1975). In cats, struvite 
uroliths are not usuall y associated with urease
produci ng infection. Risk factors for calciu m 
oxalate urolithi:tSis in humans include hypercalci
uria second;l.ry to imestinal hyperabsorption of 
calcium, a renal 'leak' for c;l.lcium or excretion of 
calcium reabsorbed from bone at ;l.n incre3Scd 
rate. In ;l.ddition, hyperoxaluri;l., hypocitraturia 
2nd defective macromolecular inhibitors of cal
cium oxalate crystal formation and growth ha\'e 
been described (Ko k er al., 1990). Both im<.'slin;l.1 
hyperabsorption and renal 'Ie;l.k' of calcium have 
been described in calcium oX;l.bte urolith-forming 
miniature schnauzers but the precise cause of 
these metabolic alterations is not known (Lulich 
et aI. , 1991). Risk factors for ammonium urate 
urolithiasis include reduced hepatic uricase activ
ity:tS observed in Dalmatian dogs (Porter, 1963) 
and congeniul portosystemic v;l.scular anastomo
sis (M;l.rrena, 1981 ). In bOlh conditions, urine 
urate excretion is increased. Formation of acidic 
urine and feeding of diets high in prolein and 
purines arc less important risk f;l.clOrs. The major 
risk factor for fo rmation of cystine uroliths is a 
defect in lObular reabsorption of the amino acid 
cystine which is almost exclusively confined to 
male dogs (C3Se er al. , 1992). A high protein diet 
and aciduria arc contributory risk factors. Breeds 
with increased risk for cystine uroliths include th<.' 
mastiff, Australian cattle dog, English bulldog, 
bull-mastiff, Newfoundland, pitbull tcrrier, 
Sconish deerho und, chihuahua and dachshund. 

• Diagnosis 

Urolithiasis produces characteristic signs o f lower 
urinary tract inflammation with cystic uroliths, 
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urethral obstruction with urethral uroli ths 
and loss of renal function with nephroliths. 
Abdominal and rectal palpation may reveal firm 
masses in the bladder and proximal urethra. 
C repitus may be evident when palpating Ihe 
bladder o f animals with mUltiple cystic uroliths. 
Cryst2ls typical of the mineral in the urolith Illay 
be evident in the urine sediment. Plai n and COIl 

trast radiography including intravenous urogra
phy, cystography and retrograde urethrography 
can confirm the presence of uroliths and defi ne 
their number, size and location. Urolithiasis 
can also be detected by ultrasonography. 
Determinatio n of the mineral composition may 
be aided by the age, breed 2nd sex of the patient, 
radiographic density of Ihe uroliths, the mineral 
composition of crystals in the urine sediment. 
urine pH and urine bacterial culture, and quanti
tali\'(' analysis of surgically recovered o r sponta
neously passed uroliths by crystallographic 
anal ysis, infrared spectroscopy ;l.nd X-ray diffrac
tion (fable 4 1.2 1). 

• Management 01 urollths 

Struvlle 
$truvite uroliths can be dissoh'ed medic;tlly, 
resected surt;ically and effectively prevent ed from 
recurrence in both dogs and cats (Abdullahi et al. , 
1984; Osborne n al., 1990). Preliminary tests 
before initiation of dietary dissolution in dogs 
allow identification o f the most likely mineral 
composition of uroliths; establish a baseline of 
information concerning the number and size of 
uroliths, and identify any eontraindications to 
the urolith dissolution protocol ( rable 41.22). 
Dietary dissolution of st'ruvite uro liths may be 
contraindicated in dogs with congestive heart 
failure, hypoalbuminaemia, hepatic fai lure, renal 
failure, ascites, oedema and hypertension. 

Satisfactory rechecks (fable 41.22 ) shou ld 
show smaller and less numerous uroliths at each 
\,isi t and dogs e;l. ting the d iet exclusively should 
h;l.\'e the following values: BUN 0.58 ± 0,44 
mmol 1-'; serum magnesium 0.9 ± 0.1 mmol 1-'; 
serum phospho rus 1.2 ± 0.35 mmol 1-'; seru m 
albumin 2 1 ± 3.0 g 1-'; serum alkal ine phosphat;l.sc 
147 ± 48 IU 1-' (Abdullahi r t ai., 1984). The urine 
cullOre should be sterile, urine specific gravity 
should be low (SG < 1.020), and urine pH should 
be acidic. 

Prevention of struvi tc urolithiasis in dogs 
requires prevention of alkaline urine which in 
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Calcium oxalate 

Calcium oxaiJtc uroliths arc rtsistant to current 
dissolution method.s and must ~ removed surgi. 
cally. Prevelllion of calcium oxalate urolith for· 
mation in dogs and Uts has not been im'e$ligaled 
but extr.lpotuion from data in human.s suggests 
that f~ing a low protein (2.2 g 100 kcal·1 ME for 
dogs; 6.4 g 100 kcal·1 ME for cats), low sodium 
diet supplememed with potassium citr.l te 25-
50 mg (0.07~.14 mmol) kg-I p.o. qid should be 
effective. 

Ammonium ura/e 

An effective protocol for dissolution of ammo· 
nium Ur.l te uroliths has been developed for 
Dalmatian dogs (fable 41.24), However, the 
safety .1Ild efficacy of this prolocol in dogs with 
portosystemic vascular anastomosis is unknown, 
Li ttle work 11;\s been done in cats. 

High-dose allopurinol (30 mg kg-I day-I p,o.) 
combined with feeding a normal protei n diet can 
induce xamhinc urolith formation in ammonium 
urate urolith formers (Ling tl al., 199 )}. Thus, 
allopurinol .should only ~ given when concur~ 
rently feeding a low protei n diet. 

Prevention of ammonium urate uroliths in 
Dalm:uian dogs can be achieved by feeding a low
protein diet. alkalinizing the urine and giving 
allopurinol 50 that the daily Ur.lte excretion is 
halved from the rypical pretreatment b ·d of 
600-800 IIlg urate daY'1 to ) ()()....400 mg urate 
day-I. Using spot urine specimens collected fi rst 
thing in the morning before the anim31 is fed, 

Table 41 .24 Dissolution protocol lor ammonium urate uroliths 
in Dalmatian dogs 

I. Feed a low proleln (22 g 100 kcal' MEl. low sodium 
diet 

2. Alkalinize tile unne 
Potassium cltrone 100-200 mo (0.3-0 6 mmol) kO'" 
!Iar' p,o. 
Sodium bicarbonate 80-160 mg (1-2 mmol) kg , day-' 
po 

3. Treat With a xanthine oxidase inhibitor. 
Allopurinol 30 mg kg·' day-I dMdtd into two or three 
llady doses 

4 Continue dISsolutIOn protocOl for 30 llays after the lirst 
folloW·up rachogl3phs or ultrasonooraphs show no 
eYkIence olremallllllO urolrtlts 
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uri ne uratelcrcatinine r:llio should be reduced 
from the usual pretreatment value of O.S-O,6 to a 
post-treatment value of 0.2>-O,} (Senior. unpub. 
lished). 

Cystine 

Dissolution and prevention of cystine uroliths h3.5 
been documented in dogs. Dissolution in dogs can 
be achieved by feeding a diet low in protein and 
sodium, alkalinizing the urine with potassium 
ci(rate 100-200 mg (0.1-0.6 mmol) kg-I da~' 10 

achicve a urine pH of 7.5, and giving the disul· 
phide exch3nger tioproni n 30-40 mg kg-I day-I 
p.o, divided into tWO or thr« daily doses (Hoppe 
I! l al., 1988). Prevention of recurrence of cystine 
uroliths may require the sallle dissolution proto
col. Disulphide cxch3nge tre3tment is always 
necessary to achieve success, 

I FELINE LOWER URINARY TRACT 
DISEASE 

Diseases of the lower urinary tr.lct arc among the 
most common caURS for cats to be presented for 
veterinary care. The non-obnructive fo rm affects 
males and females with tqual freq uency where3.5 
the obstructive form is confined 10 males almost 
exclusively. 

• History 

Non-obstrucllve 

Signs of fel ine lower urinary Ifact disease 
(FLUTD) arc variable bUI usuall y include 
str3nguria, pollakiuria, haematuria, and dysuri3. 
Affected patients may vocalize durin g urination 
and urinate in in3ppropriate pl3ces. C linical signs 
tend to spontaneously wax and wane in severity 
with periods of normalcy between episodes. 

Obstruct/lie 

Urethral ob5lruction is almon exclusively con
fined to males with a peak of occu rrence between 
2 10 5 yean of age. Obstructed cats unproduc
lively str.l in to urinate and may cry out during 
the attempt. Licking of the genital region is 
frequentl)' obsel'\·ed. Patients often hide in a 
Rcluded area. After 2~J6 h ot obstruction cats 
become very depressed and aftcr -48 h they 
progress toward coma and die. 



which can be fatal [fyslowit7. and Dingemanse, 
194 1). 

Luteinizing hormone releasing factor and the 
antiandrogen flutamide arc used in humans to 
induce prostatic atrophy but they :tre expensive 
and there are no rcpons of their usc in dogs. 
Ketoconazole is antiandrogenic and megoestrol 
acetate suppresses pituitary gonadotrophin 
rele:lSe. Both may be useful in benign prosratic 
hyperplasia of dogs. 

• Paraprostatic cysts 

Paraprostnic cySts arise from the prostatic cap
sule o r bladder wall (Weaver, 1978). They can be 
very large and are usually located in the abdomen 
but may push caudally into the pelvic canal. 

Hlltort 

Affected dogs may have no elinical signs until the 
cysts are very large. Pressure on the urethra and 
displacement of the rectum and colon lead to 
dysuria and faecal tenesmus. Very large cysts can 
c.ause .abdominal enlargement. Sudden fever and 
toxaemia develop if the cysts become infected. 
H.aematuria and a yellow to bloody urethral 
discharge may be observed between urination. 

Clinical signs 

Large, sometimes firm masses are palpable on 
abdominal or rectal examination. The reclum may 
be displaced by the cyst. 

Pathophysiology 

The precise origin of most par;1proslatic cySts is 
obscure. Some may arise from the remnant uterus 
masculinis on the dorsum of-the prostate whercas 
others may be prostatic retention cysts (Weaver, 
1978). The wall o f the cyst may be thin or thick 
and some develop marked calcificatio n (Sisson 
and Hoffer, 1977). 

Diagnosis 

Rtttal examination may reveal cySts in the pelvic 
canal. Survey radiographs can show loss of detail 
in the caudal abdomen and the cyst wall may be 
calcified. Confusion between the location of cysts 
and the bladder on plain radiographs can be 
resolved with cystography or ultrasonography. 
Ultrasonography shows a thin~walled cyst with 
low echogenicity of the cySt fluid unless the C),St 
is infected . Aspiratio n fluid is usually yellow but 
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can be serosanguineous, relatively acellular, and 
sterile. 

ManagfJmfJnt 

SU'1;ical excision should ~ attempted and, if this 
is not possible, marsupialization should be per
formed. Concurrent castration is recommcnded. 

• Prostalilis 

Bacterial infection of the prostate gland develops 
in almost all male dogs with urinary tract infec ~ 
tion. In recurrent urinary tract infection the 
prostate ghmd may scrve as a residual focus of 
infection leading to ~colonizalion of the urinary 
tract once antimicrobial trcatment is discontin
ued. Both acute and chronic prostati tis may 
develop but the chronic form is much more 
common. 

History 

Dogs with acute bacterial prostatitis develop 
anorexia and depression. Vomiting can develop if 
inflammation extends to the peritoneum. A yel 
low to serosanguineous discharge mayor may not 
be present and a small proportion of dogs walk 
with a stiff stilted gait. Most dogs with chronic 
bacterial prostatitis show no signs. A COnSt3nt or 
intcrmittent urcthral dischargc may be present 
between voiding. 

Clinical signs 

In acute bacterial prostatitis, dogs can develop a 
fever and the caudal abdomen and prostate can be 
p3inful 3nd enlarged on palpation. Dogs with 
chronic bacterial prost;ttitis are usually normal o n 
physical examination but some may have a 
urethral discharge. 

Pathophysiological mfJchanisms 

Prostatic cysts, neoplasia and impaired flow of 
prostatic secretions due to squamous mctaplasi3 
of the epithelium may predispose dogs to 
bacterial prostatitis. Bacterial coloni7.ation of the 
prostate usually extends from ascending infection 
of the urinary tract altho ugh haematogenous 
spread is possible (Grec.ne and George, 1984; 
Ling ('t al., 1987). The most common cJusative 
microorg3nism is E. coli but the usual range of 
Gram~neg3ti\'e and Gram~positive mieroo'1;an
isms causing urin3ry tract infection can be 
involved and mycoplasmas have been implicated 
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usually yidds aerobic bacteria but anaerobes may 
be involved (Barsanti t t aI., 1983; Ling et al., 
1983). 

Management 

Vigorous treatment fo r septic shock fo llowed by 
surgical drainage using penrose drains or marsu
pializatio n is the treatment of cho ice (Mullen tr 
aI. , 1990). 

• Prostatic adenocarcinoma 

Prostatic adenocarcinoma mostly affects bo th 
intact and castrated medium to large breed dogs 
with a mean age of 9- 10 years (Leow and Ling, 
1968; Weaver, 1981; Dube l't al., 1984; Evans, 
1985). 

History 

Affectffi dogs o ften show weight los5 with weak
ness and stiffness of the hindlcgs (Leav and Ling, 
1968; Durham and Dietze, 1986). Faecal tenesmus 
and d ysuria may be apparent and there can be a 
haemorrhagic urethral discharge (Leav and Ling, 
1968; Durham and Dietz, 1986). 

Clinical signs 

In early cases, firm nodules may be apparent 
within the prostatic parenchyma on digital recral 
examination. Usually the prostate is enlarged, 
asymmetric, firm and non-movable (Weaver, 
1981). T ransabdominal o r rectal manipulation 
may ill icit a pain response. Dcpending o n the pat
tern of metastaSis, signs of azotaemia and urethral 
obstruction also may be present. 

Pathophysiological mechanisms 

Metastases most commonly spread to the external 
and internal iliac lymph nodes and the lumbar 
venebral bodies and pelvic bones (Leav and Ling, 
1968; Durham and Dietz, 1986). Bony metastases 
may be responsible for much of the apparent pain 
and stiffness. Metastatic spread may also develop 
in the colonic and pelvic musculature and the lung 
(Leav and Ling, 1968). Extension into the bladder 
may cause signs of lower urinary tract innamma
tion and ureteral obstruction can lead to 
hydronephrosis and azoraemia (Le.l\' and Ling, 
1%8). Urethral occlusion may cause urine reten
tion and overfl ow incontinence (Weaver, 1981). 
Prostatic enlargement often displaces the colon 
dorsally leading to faecal tenesmus and obstipa-
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tion. On rare occasions other tumours such as 
transitional cen carcinoma and metastatic cancer 
may develop in the prostate. 

Diagnosis 

The history and physical examination findings arc 
highly suggestive and the probability of prostatic 
adenocarcinoma is very high when prostatic 
enlargement develops in castrated dogs (Krawi t.-c 
and Heflin, 1992). Plain and COntrast r.tdiography 
reveal prostatic enlargement and asymmetry 
(Stone et al., 1978). Poorly defined parenchymal 
mineralization may be apparent . The internal 
iliac lymph nodes are usually enlarged. 
H ydronephrosis, hydroureter and intravesicular 
and intr.turethral filling defects may be observed. 
Metastatic lesions afe o ften observed in the lum
bar vertebrae and pelvic bones (Leav and Ling, 
1968; Weaver, 1981). Thoracic metastasis can 
occur. Ultrasound examination reveals si ngle or 
multiple regions o f increased cr;hogenicity within 
the prostatic parenchyma and the prostate is 
enlarged and asymmetric (Feeney ct al., 1987) 
often with an irregular capsular surface. 
Aspiration or biopsy with cytological and 
histopathological examination of prostatic tissue 
arc definitive diagnostic tools but even aspirates 
may be confusing because o f concurrent cysts, 
abscesses and haemorrhage (O'Shea, 1963; 
Taylor, 1973; We-aver, 1981 ). 

Management 

In early cases with no evidence o f distant metas
tases, ortho\'oltage irradiation and prost:ltectomy 
have been used although complications and 
survival times have not been good (Taylor. 1973; 
Hardie tt al., 1984). Effective chemotherapy 
protocols have not yet been esublished. 
Castration and oestrogen treatment do not appear 
to affect the course of the d isease (Weaver, 1981 ). 

I DISORDERS OF MICTURITION 

Abnormal passage of urine includes incontinence, 
urination in inappropriate places and inability 10 

empty the bladder completcly with uninterru pted 
urine fl ow. 

• Hlslory 

The patiem 's age and reproductive status must be 
known. With ectopic ureter, constant urine drip-
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Figure 41 .5 Innervation ollhe bladder. 

neurogenic causes of incontinence and in formu
Ioating appropriate symptomatic treaLment (Fig. 
it.5). Cholinergic and beu.-ad renergic receptors 
are concentrated in the detrusor muscle whereas 
alpha-adrenergic receptors arc concentrated in the 
trigone. bl:adder nttk and urethra (Moreau, 1982). 

Lack of conical control of urination prior to 
house training or litter training or in senile 
dementia causes no rmal complete urination but in 
inappropriate places. Upper motor neurone cord 
lesions often cause bl3.dder spasticity so th3.t void
ing is ini tiated 3.[ a relatively low volume. The 
detrusor contraction is not very strong so the 
bladder is not completely emptied. Lack of coor
dination o f urethral relaxation with urinatio n 
causes spastic contraction of the urethra during 
urination, i.e. reflex dyssynert;ia. Lower motor 
neurone cord lesions cause bladder atony. If 
hypogutric innervation is pre$erved. the bladder 
may be difficult to express b«:ause alpha-3.drener
gic [one in the bladder neck and urethra is pre
served. H owever, in mOSt dogs. urethral tone is 
reduced. Usually the bladder fills, overdistension 
with atonic bladder may occur 3.nd overflow 
incontinence develops. Urinary tract infection is a 
commo n complication of neurogenic distur
bances of micturition. 

Atonic bl3.dder may be congenital or :lcquired. 
The acquired form may be idiopathic o r caused by 

_N. 

lJfeIlYaiis M. 
(Extemal &phll.,.t",,) 

urethral obstruction with overdistension and 
disruption of tight junctions between detrusor 
muscle cells. In feline dysautonomia, a disease 
:lffecting :lutonomic g3.nglia, cho linergic tone is 
diminished leading to bladder atony and overflow 
incontinence (Key 3.nd Gaskell, 1982; Sharp rt aI., 
198"). 

Lower urinary tract infl ammation caUSeS dis
ruption and exagger3tion of normal afferent 
stretch receptor activity and loss of normal 
coordin:ltion of bladdcr and urethral function. 
Urcthr;ll obstruction by uroliths causes utctht :!.1 
spasm adjacent to the urolith le;l,ding to urine 
rctention and overflow incontinence. The cause of 
incontinence due to granulom:uous urethritis :lnd 
urethral tumour is similar and in all instances ure
thnl obstruction may bttome complete with no 
passage of utine (Moroff et al .• 1991). 

Ectopic ureters 3.re most common in fema le 
dogs. Golden retrievers, Siberian huskies, minia
lure and toy poodles, West H ighl :!.nd white terri
ers, collies. Labrador retrievers :l.nd Webh corgis 
appear to be predisposed. During embryological 
de\·elopment the urogenital sinus fai ls to migrate 
cra nially to the trigonal position in the bladder. 
Short, incompetem urethra may occur with or 
without a hypoplastic bl;l,dder (Holt, 1mb). The 
cause of this malformation is unknown. When the 
neck of the bl:ldder is positioned inside the pelvis 
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even normal intra-abdominal pressure tends to 
force urine out of the urethra (Adams and 
Dibartola, 1983). Female dogs arc often affected 
by urethral incompetence which may develop or 
worsen after ovariohysterectomy (Arnold et aI., 
1992). The number and sensitivity of alph2-adren
ergic receptors in the neck of the bladder 2nd 
the urethr3 :lTe reduced after ovarieclOmy and 
restored aher oestrogen repl2cement treatment in 
rabbits (Le\·in Cl al., 1980). A similar mechanism 
may be responsible for urethr.t l incompetence in 
spayed female dogs (Batra and losif, 1983). 

Vaginal pooling causes urine to accumulate in 
the proximal vagina during urination with subse
quent passage after urination. A simi!;tr process 
causes pas5:1ge of urine between urin:nions in 
dogs with large prostatic cyslS that communicate 
with the urethra. 

Stress incontinence occurs when fear or emotion 
causes abdominal muscle contraction with in
creased intra-abdominal pressure to a poim where 
urethral sphincter tone is overcome. Urge inconti
nence usually develops with lower urinary tract 

rlble 41 .28 Medications lor dislUrbances 01 micturition 

Classitieation 

Detrusor relaxallon 
propanthehne 

oxybutmm 
IJavoxale 

Detrusor contractiOn.' 
be!nanechol 
propranolol 

Urtlhral relaxatIOn. 
diazepam 
dantrolene 
Phenoxybenzamlne 
baclo!en 

Urtlhral OOlltractlM. 

Mode 01 action 

parasympatholytic 
antispasmodic - smooth muscle 
weak parasympatholytic 
antispasmodic - smooth muscle 

parasympatflomimetic 
beta-blocker 

somatic muscle relaxation 
somallC muscle relaxation 
alplla·antagonlst ,,--

ephedrine alptla-agonlSt 
phenylephrine alpha-agonlsl 
p IIenyt propanOlamine alpl\a· agoni Sl 
imipramine unknown 
diethylstilbestrol alptla-Ieceptor enhancer 

testosterone 
tyjllonate 

lestoslflOne 
propionate 

unknown 

inflammation but an idiopathic form where uncon
trolled detrusor contraction occurred in the absence 
of detectable lower urinary tract inflammation has 
been described (Lappin and Barsanti. 1987). 

• Diagnosis 

An accurate history that allows complete under
standing of the p:uient's disturbance is probably 
the most valuable diagnostic tool. Physical exami
nadon and direct observance of urination 2re also 
necessary. Neurological examination should be 
performed to detect neurogenic causes. Urinalysis 
to determine the presence of urinary traCI inflam
mation is essential. Catheterization of the urethra 
to detect urethral obstruction and to measure 
residual urine \'olume after micturilion may be 
helpful. Radiographic c\'aiuation including plain 
radiographs, cystography, intravenous pyelogra
phy 2nd retrograde and voiding urethrography 
may bc necessary. Urod}'namic studies such :u 
urethral prcssu re profilomelry, uroflowlllctry and 

Dose 

0" Col 

15-30 mg p.o. tid 7.5 mg p.o. q2d 
5 mg po bid or ud 

100-200 mg po. tid-qld -

1-15 mg p.o. tid 1.25-2.5 mg p.o. tid 
0.25-0.5 mg kg-' p.O_ tid 

2-10 mg po. tid -
Silfe doSli nol established in dO(} and cal 
5-15 mg p.o. tld 2.5-5.0 mg p.o. tid 
5-10 mg p.o. bd 

5-15 mg po. 
-
15 mg kg-' p.o. tid 
05-1.0 mg kg-' p.o. tid 
o H.O mg po, sid 5 days then 
OHOmgpo.QHdays 
22 mg kO·' 1m Q 30 days 

22 mil kg" i m. Q 2-7 days 

2-5 mo p.O. 
--
-
-
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cystometrogn,phy to assess bladder .,nd urethn.l 
function may be helpful (Mo~au ~t "l., 198) a, b, 
c; Rosin and Bananti, 1981) CyStoscopy can assis t 
in the location and treatment of ttlopic ureters 
(~nior and Sundstrom. 1988; Stone .,nd Mason, 
\ 990). 

• Management 

S~ific lesions that arc corrccl.,ble by surgery 
should be addressed. Ectopic ureters c.,n be 
translocated inm the bladder (Stone and Mason, 
1990). Urelhn,1 pressure profilometry performed 
before surgical correction of ectopic ureter can 
predict the likelihood of postopen,tive inconti
nence due to concurrent urethn.1 sphincter 
incompetence (Lane et al., 1992). Patent urachus 
should be ablated. Both surgical culposuspension 
and pcriumhn,1 injection of Teflon® paste or 
glulan.ldehyde cross-linked bovine collagen via 
cytoscopy h.,ve becn described to prevent incon
tinence due to urethral sphincter incompetence 
(H olt, 199Oa; Arnold ~t al., 1989; Wan et al., 
1992). Ablation of the proximal vagina can pre
vent urine pooling. Trigonal-colonic anastomosis 
with bladder resection has been used for atonic 
bladder but the results arc disappointing (Bovie et 
aI., 1979b). Urethral uroliths must be removed or 
if that is not possible., urethrostomy must be 
esublishcd. A lthough bladder tumours .,re oftcn 
refn.ctory to chemotherapy, some transi t ional cell 
carcinomas in dogs (the most common form) 
respond quite well to treatment with piroxicam at 
0.) mg kg-I p.o. sid (Knapp et al., 1994 ). 

In many anima.ls with disturbances of micturi
tion, the cause of the disturbance cannot be iden
tified o r, more likely, can be identified but cannot 
be corrected. Medications to alter micturition so 
that more nonnal function is achieved arc often 
necessary on a lo ng-term b3.,is. The ther3.peutic 
action of these drugs is based on their effect on 
autonomic receptor function (Table 41.28). 
Symptomatic adminis tn.tion of appropriate med
ication can often control disorders of micturi 
tion that are unacceptable to the owner. 
Diethybtilbocstrol and methyltestosterone have 
bee:n used in female and male dogs, fCspccti,·cly, 
to [feat urcthn.l incompetence. A synergistic 
aytion between diethylstil~stro l :md alpha
agonists such as phenylpropanolamine has been 
observed in female dogs with incontinence. 
Treatment of concu rrent urinary tract infection 
and control of disorders that induce polyu ri:l c;J.n 
.,Iso assist in normali2.ing micturitio n. 
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Neurological lesions of the head. spine and ncuro
muscubr system are localized by the physical and 
neurological eumin;lIions. Identification of the 
aetiology is by the us~ of various diagnostic aids. 
Most neurological problems fall into clear syn
dromes which reflect the site o f the lesion. 

• Diagnostic approach 

A complete physical examination must be per
formed prior to a neurological examination. This 
aims to provide information on twO aspects of the 

Table 42.1 Screening neurological examination 

General Head 

Observalion Gao POSItion (tI-lilt) 
Posture Jaw lunctlon 
Mental stalUS Ups (t/-droop) 

Tongue mobility 

Oiseases of the spinal cord 
Oiseases of the peripheral nervous syslem, 

neuromuscular junction and muscle 
Multilocal diseases of the nervous system 

681 

686 
691 

case. Firsl, an altempt must be made to establish 
whether the clinical signs present arc truly neuro
logical in origin, as dise3.Ses of other body systems 
may mimic neurological presentatio ns. Sceondly, 
neurological disorders may have their basis in 
systemic disease or may have systemic manifesta
tions. T hus. a futl evaluation of the general health 
of the dog should be made. both by clinical 
examination and by evaluatio n o f haematology 
and blood biochemistry . 

The neurological examination 

Detailed descriptions of the neurological exami
nation and the neuroanatomical basis of t h~ 

Eyn Limbs 

Position StuNing 
Movements Knuclding 
Pupil SIle Muscle alrollhy 

Temporal muscles 
(t/-atrophy) 

Tutlng Hyperaesthesia Jaw tone Menace response Proprioception 
Panniculus rellex SwaliowlIlg PUPllary light renexes Hopping 
Anal tone GaOOItlO OculovestJbular reflexes Re1lexes 
Tail lone Facial sensation Fundic examinallon WIthdrawal 

Palpebral renex patellar 
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Table 42.2 Cranial nerve tesls 

Nerve CllnltallHI Normal ~IPOns. Abnormal response 

I Olfactory Smelling a non-irritant Animal snilfs or licks nose 
substance 

II OpUe I. Throw a piece 01 cotton Allention attracted AttentIOn not attracted 
wool In fronl 01 ammal 

2. Menace lest Eyelids close E~tlds do nol close 
3. ObseNe ani mars Animal bumps inlo 

movements in reduced obstaCles or wall 
light 

4 Pupillary light rellex Both pupilS constrict. i.e. Pupils do not constrict.!.e. 
direct and consensual direct and consensual 
responses responses absent) 

II I Oculomotor 1. EvaluatIOn 01 pupillary Pupils constrict No response in at/ected 
light renexes eye. pupil constricts In 

normal eye (With bilateral 
lesions direct and 
consensual responses 
absent In both eyes) 

2 Oculocephahe relle~ Induced honzontal No induced nystagmus 
(observe eye nystagmus In both eyes 
movements when 
head moved lateratly) 

IV TrOChleaI Observe eye position Normal eye position Rotary strabISmus 

V Trigeminal 1. Pinch skin 01 face. ears. Skin moves, painful No response 
liPS, muzzle to evaluate response 
mandibular and maxitlary 
brallChes; around eyes 
for ophthalmic branch 

2. Nasal sensation for Behaviouralrespoose No response 
mal'Klibutar branch 

3. Cornealrenex for Blink and relraelion of globe No response 
ophthalmic branch 

4. Palpebral IIlle. Blink No blink 
5. Jaw tone Resistance to jaw openino Jaw flaccid 

VI Abducens Corneal relle. Globe retracts No response 

VII facial I. Pinch skin Blink No blink. but intact 
sensallon 

2. Corneal rellex Blink No blink. but intact 
sensation 

3. Palpebrallefle. Blink No blink, but intact 
sensation 

4 Schirmer lear test Normal lear productIOn Reduced tear production 

VIII Vestibulocochlear 1. Auditory response Behavioural response No response 
tl'Land Clap) 

2 Oculocelll'Lal lc renex Indu<:ed nystagmus No Il'KIuced nystagmus 

IX GlossopharytlQeal Gag or swallowlrlg reflex Swallows No swallowing 

X Vagus I. Gag or swallowmg Swallows No swallowing 
retiex 

2 Oculocardlac retiex Cardiac rate slows No rate reductIOn 

XI Accusory Patpation 01 neck muscles Normal muscle mass Reduced muSCle mass 

XII ~poglossa) Relracltonoue Animal feslsts Tongue pafeslS 

From Moreau. P.M. t 1989) Neulotoglcal examInation 01 the cramal nerves. tn: ManuiJl 01 SI11iJN Animal Neurology (Ed S.J Wheeler). 
BSAVA Publications. Chellenham. 



664 I DISEASES OF THE NERVOUS SYSTEM 

functions o f the central nervous system are given 
elsl:where (deLahuma, 1983; Oliver et aI. , 1987; 
Wheeler, 1989). 

In practice. an abbreviated form of neurological 
examination is useful as a screening procedure and 
can be carried OUt as a component of the routine 
physical examination. Regular performance of 
such an examination is [Q be encouraged as this 
will enhance the ability of the clinician to identify 
relatively subtle neurological defi cits. The ele
ments of this abbreviated examin:uion :l.Te given in 
Table 42.1. If all the findings o n this examination 
arc normal, it is unlikel y that further evaluation 
will reveal neurological deficits. H owever, if 
abnormalities arc apparent. then a more detailed 
examination should be performed. C learly, if the 
dog has an obvious neurological pro blem. thc 
examination is addressed to meet that problem. 
Thus, in a paraplegic dog, a more thorough evalu
n ion of limb reflexes may be appropriate, but in 
alt cases the screening examination should be per
fo rmed, or defi cits will be missed. 

Cranial nerve tests arc summarized in Table 
42.2. Other components of the neuro lo gical 
I:xaminalion which relate speci fic ally to the local
ization and assessment o f the severity and extent 
of spinal cord lesions are described later. 

There arc a number o f features with which the 
examiner must be familiar. The normal responses 
to some of the tests should be recognized. fo r 
example, the ph).siological nystagmus produced 
in the oculovestibular test. When localizing spinal 
lesions, the features of lower motor neurone 
(LM N) and upper motor neurone (UMN) deficits 
must be dis tinguished. Although both may resu lt 
in paralysis, LMN lesions show an absence of 
local reflexes. marked neurogenic muscle atrophy 
and loss of muscle tonc. This contrasts with 
UMN lesions where refl exes arc intact or hyper
active. muscle atrophy is of the mild, disuse ty pe. 
and muscle tone is normal or increased. The dif
ferent types of urinary incontinence that may be 
seen with various nen'ous system lesions arc quite 
d ifferent (sec later and also Chapter 22). 

Once the location of the lesion has been deter
mined. an attempt to identify the nature of the 
disease process is made. The list of potential dif
ferential diagnoses may be modified o n the basis 
o f the breed o r age of the dog and the appropriate 
history. H owever. this information cannot be 
used as the solc basis for diagnosis as many excep
tions exist. It is importam to realize that very few 
absolute rules apply to the occurrence o f neuro
logical disorders, and age can rarely be used to 
rule out a panicular condition. For example. there 

may be a higher index of suspicion for tumours in 
older dogs. but neoplasia can also occu r in young 
individuals. Confirmation of the nature of the 
lesion is achieved by the use of appropriate ancil
lary diagnostic aids. 

I NEUROLOGICAL SYNDROMES 

• Head 

Local/zal/on of brain lesions 

Brain disorders are localized o n the basis of 
groups of signs encountered with lesions al 
differem locations (Fig. 42.1 ). 

Figure 42 .1 Brain localilation. Four areas for localization 
of brain lesions. a, forebrain; b, cerebellum; c, brainslem; 
d, vestibular. 

Forebrain 
The classi fi cation 'foreb rain' includes the cerebral 
conex, and the d iencephalon (thalamus and hypo
thalamus). Neurological signs referable to the 
forebrain can be classified broadly into tWO 

groups: those indicative o f general cerebral d ys
function. and those indicating a focal lesion. 
Seiwres. behJvioural change and altered mental 
attitude are general, non-localizing signs. 
H emiparesis, postural deficits, visual and menace 
deficits arc indicative of a foca l lesion. and these 
signs arc contl"3lateral to the lesion (fable 42.3). 

Br.lnstem 
Lesions of the brainstem produce a fair ly charac
teristic clinical picture, with upper motor neu
rone-type (U MN) locomotor signs. deficits of 
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668 I DISEASES OF THE NERVOUS SYSTEM 

avulsion, there is an acute onset of LMN-type 
paralysis. Other causes such as brachial plexus 
tumours may present initially with lameness and 
only later do the more characteristic LMN signs 
develop. 

I DIAGNOSIS 

O nce the nature of the neurological problem and 
the location of the lesion h;1\'e been established, a 
list of differential diagnoses can be made. Many 
factors should be considered when drawing up 
this list, including breed and age of the patient, 
history, presenting signs, progressio n, physical 
and neurological findings. Ancillary diagnostic 
aids are used to provide an aetiologieal d iagnosis. 

• Dlagnosll, aids 

Routine laboratory evaluations 

Routine hlematology and serum biochemistry 
screens arc unlikely in most cases to provide 
definitive diagnostic information, bUi they never
theless play an imponant role in the diagnostic 
process. Certain metabolic and systemic disorders 
may effect the nervous system, and the value of 
these testS is in identifying or ruling OUt such con
ditions. Also, they have an imponant role in eval
uating the general health of the animal. I n selected 
circumstances, the ev:l.luation of blood parameters 
will be \·irtually diagnostic, for example, where 
creatine kinase (CK) concentrations arc raised in 
myopathy or bile lcid concentrations elevated in 
hepatic dysfunction. 

Cerebrospinal fluid analysis 

Cerebrospinal fluid (CSP) anal ysis is an impor
tant pan of the investigation of most nervous 
system d iseases. Cerebrospinal fluid is collected 
routinely from the cerebellomedullary cisterna 
(CMC), a strlightforw:ud procedure in the 
majority of dogs and cats. Fluid can also be col
lected from tile lumbar spine. Although the tech
nique i5 safe in experienced hands, practice on 
cadavers is recommended before attempting col
lection of CSF in diniell cases to lllow the clini
cian to become hmiliar with the procedure. 
Cerebrospinal fluid coll«tion is indicated in a 
number of situations: 

• Where there is e\·idcnce, 011 the basis of the 
neurological examination, of a structural brain 

lesion (Note; CSF collection may be haZlrdous 
when increased intracranial pressure is sus
pected); 

• In spinal cord diseases, whcre the diagnosis 
is nm apparent by other means, particularly 
radiology. As the radiological investigation of 
spinal diseases often invo lves myelography, 
CSF should be collected before contnst 
medium is injected; 

• In neurological diseases sho wing signs sugges
tive of multifocal involvement; 

• Where signs o f generalized pcripher2l poly
neuropathy arc present, as such signs may be 
due to nerve root diseases; 

• In patients with epilepsy, where seizures arc 
proving difficult to control with adequate anti
convulsant therapy or if other neurological 
signs indicate the presence o f a Structur;tl 
lesion . 

General anaesthesia is requ ired for CSF collection 
in small animals. Patients should be intubated and 
vent ilatory support must be available. The collec
tion site must be clippt.od and prepared aseptically. 
Sterile needles arc used for collection and the 
wearing of sterile surgical gloves is recommendt:d. 
An assistant is required to hold the patient in the . . 
correct posItion. 

The choice of collection site warrantS some 
consideration. The two sites available are the 
CMC lnd the lumbar spine. Collection fro m the 
CMC is easier :lOd is less likely to produce a sam
ple contaminated with blood. However, as CSF 
flows in a cranial to caudal direction, abnormal 
CSF i5 more likely to be present caudal to a lesion 
r rhomson ct al., 1990). Thus, lumbar CSF is more 
likely to be dilgnostically useful. Howe\'er, lum
bar collection is more difficult and blood contam
inatio n occurs more frequently. 

If raised intracr;tnial pressure is present,lumbar 
collection is somewhat safer. This is not because 
brain herniatio n is any less likely, but the risk of 
direct damage to tissue which has already herni
ated is not a factor with lumbar collection. 

Spinal needles arc preferred for CSF collection 
but hypodermic needles may be used. The CSF is 
coll«ted into sterile \'ials; plain vials without anti
coagulant arc generally used. 

Colletllon from the terebellomeduiliry t lstern 
Landmarks for CMC puncture arc the edge of the 
wings of the atlas and the occipital protuberance. 
An imaginar}' line is drawn between the wings of 
the atlas. The site is in the midline of the patient, 
half way berween the occipital protubcr2nce and 
the line joining the wi ngs of the atlas (Fig. 42.5). 
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670 . OISEASES OF THE NERVOUS SYSTEM 

Tlble t2.7 Normal CSF findings 

Colour 

Specific gravfty 

While cell COIln! 

Ol lterentlal white cells 

T ota! protein 
CerelletkMmmededulary cistern 
lum~r 

Gross elimination 

CIur, coIour1ess 

1.004-1 ,006 

< 5 mm-l 

Mostly mononuclear 
ce!1s (iymphocy1as. 
monocytas 
macropllalles) 

10-30 mil dl 
10-45 mil dl "' 

Normal C SF is clear and colourless. Colour 
ch:tnge and turbidifY may be noted in some 
d iseases. The most frequ ent colour ch:lIlges arc 
due 10 haemorrhage or to x:tnthocilromia. 

CeU counts 
These arc performed using a h:temocytomeler; 
cell numbers arc tOO low 10 be aceur:lle1y counted 
b}' aummatic means. Undiluted CS F is used 
unless cell eounls :tre particularly high. If this is 
ro, the CS F will appe:tr turbid. 

Norm:tl CS F is free of red blood cells. Normal 
while cell counts v:try in different labor:llories, 
but arc generally less Ihan 5 cens mOl-I. An 
increase in nucleated cells. usually white blood 
cells (WBC). is lermed pleocytosis. 

Cell counts and blood contamination 
There arc formulae for corrreting CS F cell counts 
,hal lAke the pcripher:ll blood WBC COUIll into 
consider:ltion. However. contaminating RBCs do 
nOI greatl y alter markedly elev:tted WBC counl5 
(Wilson and SI(~vens, 1977). It is prob:tbly ade
qU;lIe to remember that WBCs and RBCs :tre in l 
r:ltio of approximatciy 1:500 in blood, and 10 lake 
til is into account when view ing cell eouills in 
blood -conraminalt·d CSF. 

DiHerenlial while cell taunts and cytology 
This is an important part o f Ihe examination of 
C SF, e\'en in the h ce o f a nomlal 10lal WBC 
count. The WBCs must be eoneenlr:lted ei ther by 
centrifugation or sedimentation. mo unted on a 
slide ~nd mined (M~yhew and Be.ll, 1980). Mosl 
WBCs in C SF arc mononucle~r, i.e. Iympho
C)'tes. monocytes and occuion:tl macrophages. 
Occasional neutrophils m3Y be seen. 

TI,e differen\ial WBC count is most useful in 
di5linguishing acute and chronic inf}amm3tion, 
fo r examplc. granulomatous mcningoencephalitis 

u n be d ifrerenti:ncd from non-infectious suppu
r:lti\'e meningoencephalitis. 

lh cleril may ocnsionally be secn in CSF. 
These may be p.uitogenic, but if present in the 
lbsence of l neulrophilic pleocytosis. they arc 
1110S1 likely the result of conuminltion (sec 
belo w). Bacterial Illeningoencephllom)'elitis is 
\'ery rare in the dog and cat. 

Abnormal cells suggestive of Tleoplasia are 
rarel y found in CSF. Large numbers o f neo plu tic 
1)'Tllpho id cdls may be e\·ident in cases of 
Iymphom:t which in\'oh'e the meninges. 

Protein conlenl 
Protein conlent of CSF c.m be eslimated by a 
number of methods; usc of a professional bbor:l
tor)' is advised. Normal CSF eollecled from the 
C t..·lC h:J.5 a prolein concentration of less than 30 
mg dl '; it may be up 10 45 mg d l ' at the lumbar 
sile. TOlll protein Illay be increased in Illany dis
eases but is a non-spreific finding. Increased pro
tein in the absence of pleocytosis is usually 
indicati,'c: of non -inflammatory disorders. 
Elcctrophoresis pro\' ides inform;ltio n regarding 
the composil ion o ( the C SF protein. 

Microbiology 
Eu min.u ion (o r the presence of bacteria may be 
performed microscopically. using a suined 
sample o f CSF. and by culture. Care shou ld be 
exercised when interpreting positi\'e results in the 
absencc of plcocytosis, as bacteria illay be conta
minanl5. Intracellular bacteria sho uld always be 
viewed as being significant. It can be difficult to 
culture o rganisms froill the CSF even in Ihe face 
of fulminating infections. but aucmpts sho uld be 
made to i$Olale pathogens and determine antibi· 
OIic sensit i\'ity. F.lil ure 10 obl.li n ~ positi\'e result 
docs nOI eliminate Ihe possibility of central 
nen'o us system (C S) infectio n being presenl. 
Blood cultures arc useful in dogs wilh disco
spondylitis (Kornegl), 1986.1). 

Serology 
The ev;alu~ tion of blood and CS F for viral ant i
bodies hu sOllle application in canine neurology. 
h is 1ll0S1 useful in anempting 10 confirm a diag
nosis o ( \'ir:l l infection of the central nen'o us 
system. A positive c:tnine dislempcr virus (C OV) 
t itre in the absence of other raised viral Iii res in 
the C SF is strongly indic:ui\'e o f C DV-related 
CNS diU'ue. 

Radiology 

Radio log), is the major diagnostic tool utilizcd in 
neurolog),. particularly for Ihe identific;uion of 



Table 42 .9 Storage diseases 01 dogs and cats 

OIIIiSI 

Ganghosldosls GM. 
Type , 
(Noonan undmg) 
Type' 
(Derry's) 

GanllIlOSK!osjS GM, 
Type 1 
(Tay-Sach's) 
Type 2 
(Sallllhotfs) 

GlOO(lC!rebrosidosiS 
(Gaudier's) 

Sptul)gOmyelllJOSlS 
(Nemlann-PlCk) 

Entymt derlc lent/Storagl p~dlltl 

Bela-galactOSlda~ 

Hexosamiflldase A 

Hexosammldase A and 8 

Bet.l-glucosldase 
(GlucocerebrOSldfl) 

Sphmgomyelmase 
tSphlllgomyelln) 

SrllldlAge II Ollse! 

Be.101e-aoss (3 momM): domesuc u ts (2-3 months) 

SIamese: K0r.11 and domestIC cats (2-3 months) 
Portuguese water dogs (5-6 months) 

German shorl -haired pointer (6-9 months) 

OomeSbC cats (2 months) 

Sydney silky dog (H months) 

Type C Ii SiamesfI and domestIC cats (2-<4 months) 
Poodles (2-4 ITIOfIlhS) 

CUnical signs 

Trlmor; Incoordl1latlon; ~IJ(: paraplegia, 'IlSuai 
imp.mment 
As WIlh Type 1 

Ataxia; IlICOOrdlnaUon; visual Impairment, dementia 

Same as Wllh GM, 

AlilXla; illCOOfdlnalioo: ~pefmetfla 

Ataxia; illCOOfdmallon, hypemlelna 

(Six typeS 01 NIt!INn-PIcIc disease are recogmzed m human beings (A-f) hy!d upon age 01 onset. degree 01 hepalosp~. extent 01 neNOUS system invoPYement and 
reductlOllln sphltlOoll1)eIJnase actMty). WIth Type C In cals, Spillngomyehnase actIVIty Is no! dramatICally decreased). 

GIoboId cell Beta-galact:ostdase ta/rn terrier; West HIOhlind whlte telfler (2-5 months); AIaXlot; incoordlnaoon; tremor: ~reSlS. 
leukodystrophy (oalactocerebrosidase) beagle: blue lICk hound (4 months): mixed-breed, hypermelria. VISUal Impairment 

U; (Krabbe's) poodle (2 year); bassel /Jound (1-2 years): 
6 pomeranian (1.5 years); domestiC cal (H weeks) 

o 

MetaduornatJc 
leukodystrophy 

Ary!sulphatase 
(sulphallde) 

DomestiC cat (2 weeks) Progressive motor dysfUottlOr1, seaures; 
opisthotooos 

-



Mu~O$IS I Alphlol-iduronidase 
(Hurler'S) 

M 
(Maroteaux--L.amy) 

G tycoprolell'losiS 
(Lalora's) 

MannosldOSls 

Gycogt!neslS 
(Pornpe'S) 

FUCOSIdosis 

CerOId IlpolUSClllOSis 
(Banen's) 

'5 VI Arylsulphatase B 
(mucopoIysaCChande) 

(Glycoprotein?) 

Alpha·mannosldase 
(mannoside) 

Alp/Ia-glucosldase 

A1pha-l-lucosldase 

u """"'" 

OomltSlic cal (10 moolhs) 

SIamese and domesUC cat (4-7 mootlls) 

Beagle, basset hOund, poodle (5 months - 9 yealS) 

Domestrc cat (7 mont lis) 

Lapland dogs (1 5 years); domestIC cats 

Spnnger sparuel dogs (2 years) 

EngliSh sener (1 year): dachShund (3.5-7 years); 
cocker spaniel (1.5 years): chilluallua, Salukl 
(2 years); Austl1liJan cattle dogs; blue lleeler; 
Siamese and domeslrC cats (2-7 years) 

Facial dysmorpllia, COI'neal Clouding: stunted growth; 
lameness; higlllncldence 01 meolngioma In these 

,," 
As lor Type I mUCOpo/ySaCCharidOSls: posteriOr 
parltSlS. stuo nodules 

Depression: seizures 

AlaXia, incoordInatIon, tremor, aggression (calves) 

Incoordination; exerCIse Imolel1lnte 

IncoordInatIon, beliaVlOUlaJ changes, dysphorua. 
dysphagia. seiZUles 

Personality change. VlSuallmpaumenl. alaXia, 
incoordrnatron; jaw champing: seizures 

-
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re\·iewed elsewhere (sec Further Reading fo r a 
list of specialist neurological textbooks). It is 
important to remember that none of these 
methods is a substitute for thorough neurologi
cal e\'aluation. and the information that they 
provide only enhances the clinical data. 
Elenromyography and nerve conduction studies 
arc most useful in peripheral neuropathies and 
some spinal diseases. 

I NEUROLOGICAL DISEASES 

This section discusses commonly seen nervous 
system d isorders in dogs and calS. This is not, 
however, intended to be a comprehensive review 
of all diseases of tlie nervous system in sm;tU ani
mals. Specific infectious and melaholic disorders 
which arc frequently associated with neurological 
signs are described in more detail elsewhere in this 
textbook. The disorders are listed in Table 42.8 
under the areas of the nervous system which tbey 
may involvt·. 

I DISEASES OF THE BRAIN 

• Degenerative 

Storage diseases arc inborn errors of metabolism 
char.u:teriz t·d by the absence of a vi tal enzyme 
necessary to break down ;in endogenous body 
subslanee. These substances then accumul:l.te 
within the neurone o r other cells within the 
nervous system and c\'entually cause cellular 
d ysfunction. 8 ecluse mlny of these d iselscs lre 
inherited and congeniu\, clinical signs arc usually 
seen in young l nimals of specific breeds. The 
numerous slOrage diseases of small animals arc 
listed in Table 42.9. 

Notable diseases from this list include globoid 
cell leukodystrophy because it may also involve 
peripheral nerves. Cats with mueopolysacchari
dosis I (H urler's syndrome) have an increased 
incidence of meningioma. An unclassified lyso
somal storage disease exists in Abyssi nian cats. 
$everal unclassified leukodystrophies l lso exist in 
cats. Storage diseases can :llso involve the b rain
stem and cerebellum. 

Crrrbellar IlbiolYophies result from loss of a 
vital subsrancc necessary for continued life of the 
neu rone. These dise.lSes arc seen most notably in 
the Kerry b lue terrier, Gordon setter, rough~ 
coated collie, border collie. bull mastiH a.nd rarcly 

in samoyeds, Airedlles. Finn ish harriers, 
Labrador retrie\'ers, golden ret rievers, beagles. 
cocker spaniels, Clirn terriers and great Danes 
(deLahunta, 1980). In Gordon setters, a lale onset 
cerebellar degeneration has been de~cri'bed 
(Steinberg ct ,d. , 198 1). C linical signs arc those of 
progressive cerebellar diseasc. Diagnosis is basl"<i 
on biopsy o r necropsy. No Ire.ument is effeeti\·e. 

Nelfroaxonal dystrophy is ;I, disease o f rou
weiler dogs (Chrisman, 1986); less frequently col
lies, Chihu:lhuas, and occasionally domestic cats 
may be aff(·ctcd. In rotlwei\ers. neuroaxonal dys
trophy is characterized by cerebellar signs (ataxi:l, 
hypermetria, loss of menace reflexes, head 
tremor) beginning at 1 to 2 years (ataxia) and 
progressing over the next 2 to 4 years (menace 
defi cits, illlention tremor). Conscious proprio
ceptio n remains intact. The cdl bodies in the grey 
matter arc affected (showing axonal spheroids) 
thro ughout the nervous system except till' cere
bral cortex. The most severe lesions arc in the 
spi nocerebellar tracts and the Purkinje cells. 
Diagnosis is usuall y confirmed postmortem, 
ho wever, ante-mortem biopsy o f these areas m:ly 
show pathologiell changes. No treatmcnt is 
known. 

Lellkoenccphalomyelopathy has been reported 
in IWO young rot!weilers (Chrisman, 1986) wit h 
progressive ataxia and weakness. No eerebr:ll 
signs were seen, even though pathologiclll y the 
deep cerebellar white m:ltter W3S abno rnlll 
(demyelination). C linical signs suggested a pure 
spi nal cord problem. 

• Anomalous 

H)'drocephllills may be either acquired (usu:llly 
due to obstruction of the ventrieubr system 
by neoplasi:l or infl ammat ion) or congenital. 
Ment:uion changes and seizures 3re common. 
H ydroceplllius that in\'ol\'es the mesencephalic 
lqueduct o r fo unh ventricle can result in brain 
stem signs. Mlnagemellt can be difficult. If there 
is an underlying problem, such lS inflammatory 
disease, Ihis should be addressed . Su rgical shum 
ing of CSF into the peritoneal cavity is also 
dcscribcd. Other anomalous conditions such as 
exencephal y, hydranencephaly, anenceph:lly and 
lissencephaly arc uncom mon and usually arc con 
genital (Fig. 42.6). 

COIIgt'nitll l malfomlllliQrIS of the cerebellum arc 
occasionally seen. Caudal \'ermian hypoplasia is 
described, with some dogs ha\·ing associated 
ventricular dilation (Dandy Walker malfo rma
tio n) (Kornegay, I 986b). Cerebeliar hypoplasia 

AvlC'rsko ;.as. !e'lO gradivo 
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a b 

Flguttl42.6 (a) Computed tomography (Cn 01 a boxer with seizures and mentation changes. Ventricular dilation is 
seen. (b) Postoperative CT showing decreased ventricular size following Yfntriculoperiloneal shunting. 

has been recognized in chow cho ws. Irish setters 
and wire-haired fox terriers. The \;m cr two breeds 
may h:tvc concurrent lissencephaly. Cerebellar 
apl:l.'lia has been reported in Siberian huskies. 

Hypomyelination or dysmyclinatiotl of the 
e NS is seen in many breeds including the chow 
cho w, springer spaniel, sarnoyed, Wci marnncr, 
and Bcrnes-c mountain dog (Dullu n, 1987). This 
disease is inherited in ;1. 0 X-linked manner in 
springer spaniels. Individual cases have been 
reported in a Dalmatian and :t mixed breed dog. 
C linical signs consist of tremor which may appear 
to be cerebellar in origin. This tremor usuall y 
worsens with excitement. Abnormal oligoden
drocyte numbers or function is the suggested 
pathogenic mechanism. Tremor usu311y begins in 
thest dogs within a few weeks of age. It is most 
commonly a generalii'.ed tremor, which helps dis
tinguish it from the intention tremor seen with 
cerebellar disease which primarily involves the 
head. Diagnosis is based on cl inical signs and sig
nalment. Ante-mortem diagnosis requ ires brain 
biopsy. No treatment is hel pful, however, oligo
dendrocyte transpl3nt studies 3re ongoi ng. 
Spontaneous resolution of clinie",1 signs occurs in 
chow chows and Weimaraners. 

• Metabolic 

Nu merous metabolic abnormalities may alter fore
brain function. Liver disease (hepatic encephalo
pathy), renal disease (renal encephalopathy), 
pancreatic disease (pancreatic encephalopathy), 
glucose abnormalities (hyper- or hypoglycaemia), 
electrolyte abnormalities (sodium, potassium, 

chloride, calcium. magnesi um), and acid- base 
abnormalities arc examples. Metabolic disease can 
also result in depression of the sensorium, which 
may indie:ue brainstem (reticular activating 
system) disease. 

Hepatic em:ephalopathy (HE) results when 
neurOlOxins reach the brain, unmcubolized as 
they pass through an abnormally functioning 
liver. Suspected IOxi ns include ),-am inobmyric 
acid, aromatic amino acids, mercaptans, ammonia 
and sk:Holes. Animals with HE arc usually 
admined for investigation of seizures, ptyalism 
and mentation changes. Clinical signs may be 
precipitated by feeding a high protein meal. 
Diagnosis is suppOrted by cli nical signs and 
abnormal liver function studies. 

Hypogfycaemia can be associated with 
insu linoma. liver disease, hypoadrenoeortieis m, 
starvation, glycogen s[Orage diseases, heavy work 
(hunting dog hypoglyc:lemia) and extrapancreatic 
neoplasia. Toy brecd and neonates may bttome 
hypoglycaemic during times of stress. Bttause the 
cenlral nervous syslCm (CNS) requires a consl:tnl 
supply of glucose, clinical signs of hypoglycaernia 
relate to CNS dysfunction and include dep res
sion, seizu res and tremors. A peripheral neuro· 
p3thy has been occasionally seen in dogs with 
insulinoma (sec Peripheral nerve disease). 

Hyptrglycaem ia associated wi th dil betes melli
tus more commonly resul ts in cl inical signs of 
peripheral nerve disease (sec PeripheTlI Nerve 
Disease). In humans, hyperglycaemi:1 can cause 
seizu res (Brick el al. , 1989). Dogs with diabetic 
ketoacidosis may have cerebral signs (depression), 
but whether these changes relate to the 

A 
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hyperglp;J.emia o r o ther physiologiuJ or mcu
bolic derangements is unknown. 

• Neoplasllc 

Ntopl'Hi,' commonly involves the fo rebrain, 
particularly in older J.nimak 

Prim." lumou/'$ 
Meningioma is the mon common primary bnin 
IUmour in dogs :rond cu s. Meningiomas ariS(' from 
the J.nchnoid b reT of the meninges :rond lend 10 
occur in dolichocephalic breeds of dogs. Golden 
reu ie\'eTS m:roy be: predisposed (Bagley tt .. I .. 
199h). 

FiGure 42.7 Conlrast-enhanced computed tomographic 
image 01 a cat showing a broad based. exira-axial . 
contrast-enhancing mass (arrow) characteristic 01 a 
meningioma. 

Meningiomas lTe usually histologic:!.]]y benign. 
but occ:r.sionJ.lly malignJ.nI. Soliury nuS$CS :tre 
5«n in dogs. In cals., multiple masses ou)' be: Ken. 
Computed tomography (CT) and nllgnetic 
resonJ.nce imaging (t-.·IRI) show a brQ:rod· based. 
cxtn-axial comnS! cnh.lOcing mass in 01 051 :tni
mals (Turrcl f' t "I.. 1986) (fi g. 42.7). 
Cercbrospinal fluid llI:!.y be norm:rol. irlfl :ro rll llla
tory. or conuin increased protein without a con
current plCO('ytosis (albuminoc),lOlogic:!.1 
disroc i:rot ion) (Carrillo tt aI., 1986; B:!.ilel' and 
' ·Iiggins. 1986). Current Ire:!.tment options 
include l urgiCJ.1 rnc:ction :rond radiation therap)' 
(Hcidnert'lal .• I99I ). 

Gliomas :!.riS(' from celisof the buin parenchynl:!.. 
Thcse i ndude ilStrocytcs., o ligodendroglioc)'1es. 
epc:ndym:ro l cells. :rond choroid pinus cells. 

Buch),cephalic dogs ma)' be: predisposed todevcl
opmcnt of these tumours. Choroid plexus tumours 
arise from :roreas where the choroid plexus is con
ccmr.lIed (the latent. third and fou rth ,'entricles) . 
The cr :rond MRJ ~ppeu~nce is \~ricd. :rond 
enhancement foll owing Ihe administntion of con
tTilSt material ma), nOI be el'idenl (furrd ct al .• 
1986) (Fig. 42.8). CSF ch:ronges will be similar 10 

those mentioned with men ingiom~s. T realmem 
options i ndude 5U rger)'. ndi.1I ion. and chemother· 
:rop)' (carmustine (BCNU). lomunine (CCN U» 
(Dimski and Cook. 1990; Fulton. I<J<.I I). 

, -
Filiure 42.8 Contrast-enhanced computed tomography 
of a S-year-old Mastiff with seizures. A hypodensa. ri(lht 
to left mass effeet with impingement on the right 
lateral ventricle is seen in the temporal lobe region 
(arrows). Histological diagnosis lollowing biopsy was 
astrocytoma. 

Piluiury tumours may resull in signs of 
endocrine disease (e.g. h),pendrenocort icism. 
acromcg~ I)') or signs primarily related to 

CNS d),sfunC'tion (Slrfn y t'I al.. 1988). 
Macro~dcnomaJ m:roy enlJ.rge dorsall)' from the 
sell:!. and compress the diencephalon. Trea tment 
optiom include ndiJlion and surger)" 

Other primary tumours invoh-ing t he fo rebrain 
arc uncommon :rond include l),mphosarcoma. 
germ edl tumours. dermoid and fpidf rmoid 
c)'su :ro nd cr.mioph~ryngio,"a$. 

Se,ond,~'uniours 

copl.uiJ. ean secondari ly invo" 'e the bnin 
either by metasusis or di rn:t extension from ~" 
c:ctT;lneural si te. Numerous tumours m~'1as l:r.si)';e 
10 Ihe brain including h~emangiosarcoma. 



lymphosarcoma. mammary gland and other car
cinomas. Tumours within the nasal cavity or 
fronta l sinuses can extend directly into the brain 
(Fig. 42.9). 

Clinical signs may be localized o f multifoc:ll. 
cr o r MRl m:ly show single or multiple masses. 
With diffuse meningeal rumo urs these studies 
may be normal. Occasionally, CSF will reve:ll 
neoplastic cells, most commo nly with lympho
sarcoma and carcinomatosis. 

Both primary and metastatic neoplasil can 
involve the brainstem. Meningiomas (en plaque) 
can lie along the fl oor of the skull ventrally and 
result in brainstem compression. Choroid plexus 
rumours commo nly im'olve the fourth \'entricle 
(Fig. 42.10). Primlry or secondary neoplasia 
involving the cercbellum is uncommon. 
Medulloblastoma is a primary brain tumour th:1I 
may rarely involve the cerebellum in dogs. 

• Nutritional 

Thiamine dl!firiency is the most common nutri
tional deficiency affecting the central nervous 
syStem. This deficiency results in lesions in thc 
oculomolOr and vestibular nuclei, the caudal col
liculus and lateral genicu!;lIc nuclei. The earliest 
clinical sign is vestibular ataxia, progressing to 
seizures with ventral neck fl exion and dilated, 
non-responsive pupils. Treatment consists of the 
administr:uion of thiamine. 

• Inflammatory 

• 

Numerous inflammatory diseases can affect the 
brain. These include both infectious and non-
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infectious aetiologics. Again, clinical signs may be 
localized to one functional area or suggest multi
foca llevcls o f involvement. 

EnCl!phalitis :md meningitis often exist concu r
rently in dogs and cats. Numerous infcctio us 
and non-infectious aetiologic:l1 agents have been 
incriminated. The incidence of infectio us agents 
c:lusing meningitis varies with geographic loca
tion. Most meningitis syndro mes (60%) in small 
animals do not have a defi nable infcctious cause. 
A corticostcroid-respo nsive meningitis seen in 
young, large breed dogs is thought to occur as an 
idiop:lthic condition, however, extensive testing 
for infectious causes has not been performed. 
Eosinophilic encephalitis/meningitis of unknown 
aetiology occurs in dogs and cats. Usually, this 
dise:ue emity responds to conicosteroid admin
istr:ltion. Spinal cord vasculitis synd romes (bea
gle. German short-haired poimer and Berncse 
mountain dog), presenting with signs and CSF 
changes consistent with meningitis, have also 
been described. 

Infectious diseases 

Infec tious agents causing brain disease include 
viruses (canine distemper, parvo\'irus, parain
fluenza, herpes, adenovirus, fcline infectious peri
tonitis, pseudorabies. rabies), bacteria, rickeusiae 
(Rocky Mountai n spotted fever, ehrlichiosis), 
spirochaetes (Lyme disease, leptOspirosis), funga l.' 
(blastomycosis, histoplasmosis, cryptococcosis • 
coccidioidomycosis, aspergillosis), prOtOZoa 
(toxoplasmosis, neosporosis), and unclassified 
organisms (protOthecosis) (Merie, 1988). 

Clinical signs may reflect multiple levels o f neu-

, 
• -

b 

Figure 42.9 Contrast-enhanced computed tomography series of a 2'year-old Aottweiler with seizures, left menace 
deficit. left facial sensalion deficit and left hemiparesis. A mass inVOlving the right fron tal sinus (al extends caudally 
Inlo the brain (b). 
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some breeds and suspected in others. Seizures 
arc typic.llly of a grand mal type, where the ani
mal becomes recumbent, there arc paddling 
movements of the limbs, and urination, defeca
t ion and sali\·atio n. The episodes arc usually fo l
lowed by a period of depression - the post-ictal 
period. Diagnost ic tening is normal but neces
sary to rule out other causes of seizures. 
Treatment initiall y consists of phenobarbitone 
(3 mg kg-' p.o. bid). An assessment of efficacy 
of this treatment can be helped by determining 
serum concentrations of phenobarbitone. 
Trough serum phenobarbitone conccntrations 
(collected just before the next dose) are used in 
combin~tion with sei7.ure control to determine 
t reatment responses. The therapeutic range for 
serum phenobarbitone levels in most dogs is 
between 20 and 45 ~g mi·'. If this drug is inef
fective and toxic serum levels are reached, addi
tional anticonvulsants such :ts potassium 
bromide (20-60 mg kg" per day) can be used. 

Narcolepsy (excessive daytime s leepiness) :tnd 
cataplexy (periods of acute muscular hypotoni:t) 
usu:tlly occur without underlying structur:tl brain 
disease. The actual :tnatomical o r physio logicJ.1 
abnormality may lie within the br:tinstem, how
ever, clinical signs usu:t l1 y reflect:t cerebr:tl distur
bJ.ncc. Rarely, a structu ral brain abnormality is 
found. Disordered neurotransmitter metabolism 
o r abnormalities of the reticular act ivating system 
arc thought to be responsible, howe\'er, a true 
cause is not known. 

Breeds of dogs predisposed to narcolepsy and 
cataplexy include the Dobermann pinscher, 
Labmdor retriever, miniature poodle, dachshund, 
beagle and Saint Bernard. Clinical s igns usually 
begin :It a )'oung age, howe\'er, dogs as old as 7 
years h;tve been diagnosed with this disease. 
Acute onset of REM sleep, usu:tlly occurring with 
s timulation such as eating, is characteristic of 
narcolepsy. 

Physostigmine (0.025-0.1 mg kg-' i.v.) potenti
ates the :lttacks for up to 45 min. The tricyclic anti
depressant, imipramine, which potentiates 
serotonin may be helpful as ther:tpy for n:lrcolepsy. 

Springer !panic/ rage syndrome occurs in young 
to middle age Springer sp:lnicls. These anim:lls 
become aggressive usually tow:trd people in the 
household. No pathological lesion h:ts been found 
to explain this behaviour ch:lnge. Treatment is 
with behaviour modification. 

IdiopatiJic pcripiJeml fJe$l ibular disease occurs 
in both dogs and cats. Older dogs :lnd young to 
middle aged cats arc most commonly affected. 
Clin icJ.l signs arc of an acute peripheral vestibular 

disorder. The major differential diagnosis is otit is 
mediJ.!interna. Recurrence of the synd rome is 
possible. 

Clinical signs usually improve dram:ltically 
in 1- 2 weeks. The nySl"agrnus usually resolves 
quickly whereas a mild he:ld tilt ma), persist. 
No treatment has proved beneficial. 

COIlgenital peripheral veJtiblllar diJMJe is seen 
in c('ruin breeds including German shepherds, 
D obermJ.nn pinschers, English cocker spaniels, 
:lnd Siamese and Burmese cats. Bilateral congeni
tal vestibular disease is seen in beagles and akitas. 
Clinical signs include a head tilt, nystagmus, 
ataxia and. in some, deafness. Anim:lls with bilat
eral peripheral vestibular dise:lse may not have a 
head tilt, but r.l.ther h3ve wide head excursions. 
Also, bilaterally affected animals do not have 
ei ther spontaneous o r normal physiological nys
tagmus. Signs may persist throughout life or may 
improve spontaneously. There is no treatment. 

Congenital deafness is fou nd in a number of 
breeds including the DJlmatian, Australi an heeler, 
English seller, Australian shepherd, Boston ter
rie r, Old English sheepdog, and Engl ish bulldog 
(Holliday et al., 1992; Strain et aI., 1992). White 
cats with blue irises may also be :lffected. Most 
studies h:lve found degeneration or hypoplasia of 
the organ of Corti, spiral ganglion, and cochlear 
nuclei. One study has suggested that this may 
begin as a temporal lobe (auditory cortex) prob
lem (Ferrara :lnd Hal nan, 1983). Di:lgnosis can 
be made subjecti\'ely by loss of Preyers reflex 
( im'oluntary movement of the cars in response to 
a loud sound) or objectively by brJinstem audi
tory evoked pOtential testing. No treat ment is 
effective. 

• Trauma 

Head trauma can result in forebrain signs due to 
haemo rrhage, oedema, contusion, penetrating 
wounds, or depressed skull fractu res. Treatment 
includes control o f intracmnial pressure and cere
bral oedema. Aspects o f treatment include main
tenance of the airwlY, hyperventilation with 
oxygen, and possibly the use of corticosteroids 
and diuretics. Surgical decompression of com
pressivc skull fmetu res or rarely, subdural 
haematoma (H opkins and Wheeler, 1991 ), may be 
indicated. 

Brainstem trauma usuall ), CJ. rries a poorer 
prognosis than forebrain tuuma alone. Brainstem 
function can be assessed by evaluation of cranial 
nerve function, panicularly the oculo\'estibular 
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arch), m~n i ngocd~ (protrusion of meninges 
through th~ defect ), mydoccle (protrusion of 
spinal cord through the d~fect ) and meningo
mydocd~ (protrusion of both meninges and 
spinal cord). 

Defects arc com mon in Manx cats and 
Weiman.ner dogs. Rhodesian ridgehack dogs 
have a skin defect, a dermll sinus, thlt moly com
municate with the spinal cord. Intramedullary 
defects such iU hydro- o r syringomydia mly 
accomp:my these other more obvious defects. 
Surgical closur~ of the abnormality may be con
sidered as a possible treatmem in selected cases. 

It is imponam to notc that not all congenital 
venehral anomalies result in spinal cord com pres-

• Slon. 

Nfloplastlc 

Neoplasia of the spi nc is described :matomieally 
as being extradu ral, intradural-exlr:lmedullary. 
and intramedullary. EXlr2dural tumours are most 
common and include prim:lry and secondary 
bone tumours (osu:os:trcoma, fib rosarcoma. 
chondrosarcoma), haemangios:trcoma, various 
carcinomas, multiple myeloma and other pluml 
cell tumours, lipomas, lip05J.rcomu, and 
lymphosarcoma (esp«ially in cats). Multiple 
canilaginous eXOStoses are benign proliferations 
of can ilage and bone occurring in young, growi ng 
animals, with the thor:lcic and lumbar vertebrae 
most commonly affected. Some authors consider 
these benign tumou rs of the spine. 

Intradun.l-extramedulbry tumours include 
meningiomu and n~rve shelth tumours (Fig. 
42.1J). Neurocpithclioma is an unusual 
inrndural-extr.tmedullary tumou r that involves 
only the thor.tcolumhar ar~a (deLahunta, 198)). 
Th~ cell of arigin of the tumour is unclear, :lnd 
thor;lcic cord blastoma has been recently sug
gested as a more appropriate term. The German 
shepherd dog is commonly affected . 

Intr.tmedullary tumours include astrocytomas 
and ependymomu :tnd, occuionally, intra
medullary metastasis from haem:mgioureoma. 

Clinical signs depend on the le"eI o f spinal 
cord involvement. Extr.adun.1 and intradural 
exrnmedulb.ry tumours usually result in pain, 
whereu intramedullary tu mours arc usually not 
painful (exceptions exist). The ons~t of cl inical 
signs is often more chronic with extradural 
tumours, and acute with inlr.amedulllry tumours. 

Diagnosis is made primarily with myelography. 
cr and MRI may l lso be helpful to localize and 
define Ihe extent of the tumour. Treatment 
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Figure 42.13 Intradural. extramedullary lesion identified 
with myelography (dorsoventral view) in a 9-year-old 
Yortshire terrier with chronic neck paIn. The classic 
'golf-tee' appearance is seen (arrow). Surgical resection 
and biopsy revealed a nel'lle sheath tumour. Reprinted 
from Bagley, A.S. and Tucker, R.l. (1996) Progress in 
Veterinary Neurology 7, 63. 

options include surgical removal. radiation and 
possibly chemOlher:tpy. Surgical removal is 
easiest with extr:tdural tumours, however, 
intramedullary tumours have occl sionall y been 
successfull y resected. Prognosis depends on 
tumour type. 

Inflammatoty 

Infectious disease 
DisC'Ofpondylitis is infection in the intervcnebral 
space l nd adjacent venebral bodies. This can 
occur in any arel of the spinal column. and can 
be in multiple siles. The mOSI common organism 
cultured with this disease is Stl.pbyloco«us 
int"",edillJ; Brucella caniJ and Escherichia 
coli arc llso found occa.sionl l1 ),. Ra rely. d isco-
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commonly affected.. The disease is usually chronic 
and progressive. Clinical signs resemble those of a 
TJ- LJ spinal cord lesion, howe\'er, the aClual 
histopathological lesions may be more severe in 
the caudal cen'ical area. UMN signs in the pelvic 
limbs are the rule with the exception that the 
patellar reflexes may be decreased (due 10 dorsal 
root invoh'emcnt). Symmetrical par.lparesis is 
common. Occasionally, asymmCfry of clinic:tl 
signs is noted. There is no spinal pain. As the 
disease progresses, thc thor:tcic limbs :tnd later 
the br:tin stem will become involved. Bladder 
:tnd bowel func tion is maintained. 

The cause of Ihis disease is unknown. 
Specul:ttion has centred o n a disrcgulation of sup
pressor T-cell function as assessed by d ecreased 
lymphocyte blastogenesis in affected dogs. 

Myelogr.lphy is no rm ;lo l. Cerebrospinal fluid 
m:ty be normal or h:l\'e:tn increased protein COIl -

• centr.ltlOil. 
No curati\,c tre:ttment is known. One author 

has cl:timed success in stopping or slowing the 
progression or die diseue using E-aminocaproic 
acid (Clcmmons, 1989). Other tre:ttments, as yet 
unpro\'en, include exercise and vitam in supple-

• 
mentation. 

I Diseases localized to the lumbosacral 
spine 

Cauda equina syndrome is the name given to a 
varielY of diseases that result in similar clinical 
signs of caudal spinal cord and nerve root com
pression. The most common cause is lumbosacral 
stenosis/compression. Rarely, however, tumour 
o r inflammation (cauda equina neuritis) may 
occur. 

OsgsnsrallVtJ 

LumboUfCTdl ucnosiskomprtssion can occur :ts a 
congenital stenosis of this regio n or be acqui red 
due 10 mal articulatio n or malformatio n. 
Lumbosacral (LS) compression is IIlOSt com 
mon in larger breeds of dogs. Occasionally, 
neoplasi:t or discospondilitis can resule in LS 
compression. Compression of L7 and of the 
sacral nerve roots occurs as they tr.lverse this 
disc space. Compression can result dorsally 
from the liglmentum fl avum, or ventrally from 
the bulging annulus fibrosi s. C linic:tl signs 
include LS pain, fa ecal and/or urinary inconti
nence, and LMN signs in the prlvie limbs 
(sciatic fields). 

Diagnosis is based o n myelogr.lphy, epidurog
r.lphy, discogr.lphy :tnd cr o r MRI studirs. 
Cerebrospinal fluid anal ysis is usually not helpful. 
Eltttromyogr.lphy and nen'e conduction velocity 
stud ies of the pelvic limbs and tail may reveal 
spontaneous aelivi ty consistent with denen'ation 
or slowed co nduction velocities, respecti vely 
(Sissolll.'r al., 1992). 

Tre:llmelll involves surgical decompression 
and/or stabili z:ttion o r this are:t. Rest and anal
gesics are used when surgical decompression is 
not chosen. Antibiotics arc indicated if an infec-

• • 
1I0 US process IS present. 

DISEASES OF THE PERIPHERAL 
NERVOUS SYSTEM, NEUROMUSCULAR 
JUNCTION AND MUSCLE 

• Oegenerallve/congenllal 

Degtmefarive pen"p/;eral l1ellfOpal/;ies include 
hypenrophic neuropathy of the Tibetan masliff, 
giant axon:tl neuropathy of German shepherds 
and progressive axonopathy of boxers. G loboid 
cell leukodystrophy may involve peripheral 
nen'es (Vicini el aI., 1988). 

Dege"erdlive mllse/e disorders arc seen occa
sionally (see also C hapter 43). Breeds affected 
include the golden retriever, Irish terrier, English 
springer spaniel, labrador retriever, and O ld 
English sheepdog. Affected an imals lIIay ha\'e 
increased serum creatine kinase (C K) concentra
tions and complex repetitive discharges may be 
evident on EMG. Muscle biopsy should be diag
nostic. C urrently thcre is no treatment. 

An X-linked muscular dystro phy simil:tr to 
Duchenne's disease and golden retrie\'er myopa
thy has been described in cats (Gaschen el aL, 
1991 ). 

M)'otonitl is a sust'ained muscle eontr:tction 
which is initiated voluntarily or in response to 
external stimulation (percussion), and which is 
sust:tincd involuntarily. Myotonia occurs as a con
genital problem in various breeds including the 
chow cho w. R:trely, myotonia results from toxic
ity. The excessive muscle cOlllraclion is thought to 
be due to an abnormal muscle cell membrane 
which suppans persistent depolarization. 

Motor lleurolloparhies are diseases which affect 
the cell bodies of the LM N . This leads to degener
atio n o f the cell in the ventr:tl ho rn of the spinal 
cord and occasionally the cranial nen'e nuclei. 
Breeds o f dogs affected include the Brittany 
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spaniel, Swedish Lapland, rottweiler, German 
shorthaired poinu:r, and, experimentally, the off
spring of G reat Danes mated with bloodhounds 
or Saint Bernards. 

Clinical signs are seen early in life in most dogs. 
The clinical course is chronic and progressive. No 
effective treatment is known. 

Neuropathies have been seen that only involve 
the semory neMlf'S. Breeds affected include the 
dachshund, English pointer and Siberian husky. 
The English pointers begin self· mutilating their 
extremities at a young age. Anaesthesia o f the 
pelvic limbs is seen. This sclf-mUlilation may 
represent a paraesthesia o r may be due to abnor
mal sensory impulses. 

• MetabOliC 

Diabetic neuropathy eomnlOnly affects tile tibial 
nerve in catS resulting in a classic dropped hock 
appearance. Neurop:uhies have been reported 
in association with insulino mas (Shahar et al., 
1985; Braund et al., 1987a), O ther metabolie 
myopathies or neuropathies have been reported 
with hyperlipidaemia in catS Oo nes el 41., 1986), 
and hyperadrenocorticism and hypmhyroidism 
in dogs. 

Polymyopathy of cats was initially described as 
an idiopathic acquired myopathy resulting in 
weakness. A hypokalaemic myopatby has since 
been described in cats also resulting in weakness 
(Dow et al., 1987). Therefore, some of this origi
nal group of cats may havc fallen into this latter 
category. Muscle weakness is a prominent clinical 
sign and may resuh in ventroflexion of the neck. 
Decreased serum potassium and increased serum 
C K concentrations with appropriate EMG, and 
muscle biopsy findings support this diagnosis. 
Increasing serum potassium via oral supplementa
tion should impro ve clinical signs. Intrasenous 
potassium administration should be performed 
with caution. Some of thc o riginal group of cats 
responded to corticosteroid treatment_ In 
huma.ns, Ilorses, ;md len commonly in dogs, 
hyperkalaemia can result in muscle weakness. 
O rner electrolyte dislUrbances including sodium, 
chlo ride, calcium and magnesium imbalances may 
also result in myopathic signs . 

• Neoplastic 

Lympboma commonly occu rs extradurally in 
cats and can involve nerve roots. Rarely, only 

peripheral ner ... e involvement is seen (Presthus 
and Tcige, 1986). Cranial nerves (V, VII) may 
be ill\'olved with haemalOgenous neoplasia 
(Ieuk aemias) due to direct infi ltration with the 
IUmou r cells (Carpenter I't aI., 1987) (Fig. 42.15). 

Nerlle SbC4fh furnO/ITS (Schwannoma, neu ro· 
fibro ma, neurofibrosarcoma) commonly invo l ... e 
the peripheral nerves of the thoracic limb in older 
dogs. 11lese dogs present for lameness that in 
some animals may have been present for a year or 
more before presentation. Often dogs are initia lly 
d iagnosed with arthritis or other orthopaedic dis
eases. C linical clues include atrophy of selected 
thoracic limb muscles and pain on axiltary palpa
lion. In some instances, a d iscrete mass can be 
palpated in the axi lla. Dogs with extreme pain 
may requi re general anaesthesia for adequate 
palpation. 

Diagnosis o ften requires surgical exploration 
of the axilla. Electromyography and nerve con
duction velocity studies may determine which 
peripheral nerves arc involved. 

Prognosis is poor when the IUmour invades the 
vertebral canal. Local recurrence is common, and 
extensi ... e rcsection and amputation is recom
mended. Preliminary unpublished observations 
by the authors using poslOperative radiation Iher· 
apy aft er tumour rcsection have been encourag
ing, bUllOo few cases have been evaluated to make 
firm recommendations. 

Pa ratlcoplauic tleuropathy • 

" occasionally 

• 

I 

Figure U .1S Dog presented with dropped jaw 
suggestive of bilateral trigeminal nerve paralysis. 
l ymphoma involving these and other cranial nerves was 
found at necropsy. 
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most effective bu! curies th~ risk of signihcolOl 
mom.lity (50%) (Pion, 1988). Prognosis is usually 
poor for full long-term recovery ix'C;au5C of the 
lUtur~ o f !he underlying h~an dis~;ase. 

I MULTIFOCAL OISEASES OF THE 
NERVOUS SYSTEM 

Multifocal di~;ases o f the nervo us system ;arc 
those where mo re than one functional ;a rea is 
involved. Many of the inflammatory (infC'C!ious 
and non-infectious) diseases previously described 
may result in multifocal neurological signs (Meric, 
1988). 

Dogs with gc"~raliuJ tremor f)"n Jrome 
('white shaker dog syndrome') present with dif
fuse, fine, whole body tremor. Dogs with white 
hair coats (e.g. Maltese terriers, We!! H ighland 
white terriers) are more commonly affected. 
however, dogs with other coat eolours arc also 
;affected (Farrow, 1986). Additional neurological 
abnormalities include nystagmus, menace 
response abnorm;alities, proprioceptive deficiu 
and seizures. This syndrome is most o ften the 
result of a mild lymphocytic encephalit is. No 
aetiological agenu hav~ ~en id~ntified 10 date. 

Cerebrospinal fluid is usually abno rmal and 
shows a mild lymphocytic pleocytosis. Protein 
conceOlr.llion may ~ no rmal o r mildly increased. 
Occuionally, CSF analysis is no rmal. Computed 
tomography has been reported in o nly a few 
cases. In one group o f seven Maltese terrien with 
this disuse, all four which were e\·al uau.-d with 
cr had ventricular enlargement (Bagley Cf aJ. , 
1993b). Thc significance of this findi ng is 
unkno wn, however, as there is a high incidence of 
ventricular enlargement in Maltese terriers with
out concurrent tremor. 

Affected dogs generall y respo nd to immuno
suppressive doses of corticosteroid. Gradual 
tapering o f the dose should be performed to pre
vent recurrence. Relapse is possible and corticos
teroids may be req uired fo r the life or the animal 
to control clinical signs. 

Aseptic meningitiJ occurs in cen ain breeds such 
as the beagle (beagle pai n syndro me). Bernese 
mountain dog. and :lS a clinical entity in young. 
large breed dogs. C linical signs usually resemb le 
those o f cervical spin;a l cord disease includ ing 
neck pain and/or tetrap;aresis. Additio nal bu.in 
stem or forebrain signs may also resu lt . Diagnosis 
is bas~ on pleocytosis (neutrophilic, mononu
clear o r mixed) with or without de\'ated protein 
in the CSF. The numerous c:lOses of meningitis 
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should be excluded before ;a diagnosis of aseptic 
meningi tis is made. 

If an infC'C tious cause is identified in a patiem 
with inflammatory CNS d i~ase, antibiotic ther
apy should be instigated. Trimethoprim potenti
ated sulphonamides and chlo ramphenicol achie\'e 
therapeutic concentrations in the C NS and spinal 
flu id . Con ico5teroids are usu;ally effective in 
inlproving clinical signs. Relap~s can occu r, espe
cially if medication is withdrawn rapidly. 
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'motor unit' . The fibres innervated by each 
ventral horn cell arc not, as might be expected, 
grouped together within the normal muscle but 
arc rnndomly distributed so that when stains 
showing the different fib re types arc used, a 
random mosaic of fi bres is seen. 

• Reaction 01 muscle 10 Injury 

A muscle fibre will atrophy if it is denervated. If 
reinnervatio n docs not occur atrophy progresses 
and there is an increase in the connective tissue 
component, until eventually the muscle is com
pletely replaced by fibrous tissue. When muscle 
fi bres arc damaged they can undergo repair pro
viding some sarcolemmal tubes remain intact, but 
if the damage is very severe regeneration may not 
be possible, I n this si tuation there is loss of muscle 
fibres and a proliferation of connective tissue 
resulting, once ;!.gain. in the production of a 
fibrosed 'endsuge' muscle. 

I HISTORY TAKING 

The history is taken as described in Chapter I bUI 
in cases of suspected muscle disease the following 
points should be considered, 

It is always important to ascertain when the 
onset of signs occurred, Since a number of muscle 
diseases arc inherited or congeniul it is useful 
to know whether any linermate5 arc similarly 
lffected and. if so, how many and of which sex. In 
ldults it should be established whether the o nset 
was sudden o r insidious and whether the 
condit ion hls deteriorated, remained suble o r 
improved. 

Vaccin ;!. tion Stl tuS ml)' be of importance since, 
for example, cJSes of toxoplasmosis arc sometimes 
seen in associltion with canine d istemper. 
Previous illnesses which seem irrelevant to the 
owner may also be of inli.' rest. An illustration of 
this is setn in aequirt"d myasthenia gr;!.vis, signs of 
which may be preceded by a non-specific febrile 
cpisode. 

Exercise IOlerance should be investigated as 
part of the physic;!.1 eumination but in the artifi 
cial en~ironment of the clinic it may be difficult to 
reproduce the abnormalities which char:J.cterize 
the problem at home. Careful history taking can 
elicit useful details from Ihe ow ner regard ing the 
willingness and ability of the dog to exercise ;!.nd 
of fac lOTS which eithcr improve or worsen the 
condition, 

Questioning the owner about the patient's 
l ppetit r.' also providr.'s useful info rml tion. The 
owner may report that the dog cats well but fails 
to thrive or observe that although the dog appears 
to be hungry it has difficulty eating. This is partic
ularly relevant as dysphagia is a feature of several 
muscle d iseases. Cases of Labrador ret riever 
myopathy :lnd glycogen storage disease type II 
often lie down to cat. This observation mly seem 
trivial but can provide another piece to fit into the 
clinical jigsaw, 

It is important to ask whether the dog evcr 
regurgitates or coughs si nce megaoesophagus is l 
common felture of muscle disease in the dog. It 
occurs due to the high proportion of striated 
muscle present throughout the length of the 
oesophagus in this species and can resull in seri
ous complicltions such as inhalation pneumonia. 

Intermittent neurological signs such as collapse 
or fits may not be observed at the time of the clin
ical examination. By questioning the o wner it may 
be possible to cSlablish a history of central 
nervous system invoh'emelll, thus eliminating 
exclusively myoplthie disorders from those, 
such as toxopbsmosis, which can affect both the 
ner\,ous system and muscle. 

In cases which collapse it is necessar)' to find 
OUt what else happens. Is the dog cyanosed? Is 
there loss of consciousness? Do any external 
factors go\'eOl whether and when the collapse 
occurs? The dog may resolutely refuse to collapse 
during the cou rse of the in\'esligltioll, so a 
detailed description from the owner is essential. 

I PHYSICAL EXAMINATION 

Detailed clinic;!.1 exami nation includes a full ph ys
ical exami nation of the patient as outlined in 
C hapter I, and since many muscle disorders pre
sent as l bnormalities of gait, r('duel.'d ('xercise tol
erance or possibl)' col lapse, ort itopaedic, metabolic 
and cardiac conditions must be ruled OUt. 

A full neurological examination should be car
ried out in any case o f suspected muscle disease, 
not onl)' because some conditions lffect both ner
vous tissue and mUK le but also because many of 
the procedures highlight abnormalities pertinent 
10 muscle disease. The so-clllcd wheelbarrow test 
is a good way of showing up forelimb weakness, 
likewise postural tes ts such as hemiwalking, hop
ping and stepping can help to localize weakness in 
individual limbs. 

The skeletal muscles themsel\'es should be 
examined with particubr carc. Is there (·\'idenee of 
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atrophy or hyperlrophy? If so, is it localized or 
generalized? Arc there discrete swellings within 
the musd.:-? Are the abnormalities symmetrical? 
The tone of the muscles should be assessed by 
passively manipulating the joints. Joints arc lax 
in conditio ns where muscle tone is reduced. 
Conversely there will be reduction in joint move
ment where muscles arc fibrosed o r contractu res 
have formed. 

Palpation of the muscles may rcvcallhcm to be 
unusually swollen 3nd firm and there may be evi
dence of muscle pain. In myotonia sharp percus
sion of the muscle belly produces a myotonic 
dimple. This is a simple but informative test 
which should be carried Out o n 3ny case showing 
stiffness and hypenrophy. 

Cases of muscle disease frequently show abnor
malities of gait and/or ex.ercise intolerance and 
must therefore be examined at cxercise as well as 
at rest. Many dogs with myopathic disease have a 
stiff, sti lted gait. This docs not necess3rily indicate 
stiffness of the jo ints or increased tone in the 
limbs, but is often noted in conditions character
ized by weakness. 

In cases with marked exercise intolerance a 
Camsilon test should be carried o ut as described 
below. 

I INVESTIGATIVE TECHNIQUES 

• Camsllo. test 

This is the diagnostic test for myasthenia gravis, a 
condition of the neuromuscular junction in which 
fatigue which impro ves after rest is the ch:u acter
istic clinical feature. Camsilon (cdrophonium 
chloride), is an ultrashort-acting anticholin
esterase drug which effectivel}' increases tbe 
amount of 3cetylcho line available at the neuro
muscular junction. For the test a dose of 
0.1-1.0 mg of C:lmsilon is given by slow or incrc
mental intravcnou5 injection. There is no prc<: isc 
dose per ki logram but a useful guide is 10 usc 
0. 1 ms fo r a small breed of dog such as a Jack 
Russell terrier up to a total dose of I mg fo r a large 
breed such as a German shepherd. Since the avail
able preparation is dcsigned for use in humans it 
may be necessary to dilutc the drug in salinc to 
facilitate administratio n o f low doses. Myasthenic 
patients sho w a dram:Hic improvement on admin
istration of Camsilo n which lasts fo r several min
utcs. Nonnal animals sometimes fascicul3te and 
occasionally stop breathing. It is, thercfore, advis
ablc to have oxygen available although the ultra-
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short duration of this preparation me3.ns that the 
cffect is short lived. 

• Serum enzymes 

Serum creatine kinase (C K) is the most specific 
marker of musde damage. Other enzymes 3re also 
raised in muscle disease but CK gi" es the best 
indication of thc amount of muscle damage occur
ring at any particular time. 

There arc some potential pitfalls in thc interprc
tation of CK levels which should be noted. C K 
can be raised after intramuscular injections, exer
cise and rc<:umbency and there is a transient rise in 
CK after electromyography. 

Since the CK is highest in myopathies where 
tht're is a lart;e amount of muscle fibre destruc
tion, the most dramatic elevations in CK arc seen 
in myopathies characterized by massive necrosis, 
such as muscular dystrophy in the Golden 
retriever. It is equally ;mportaOl to stress that 
in low-grade, focal or chronic myopathics the 
amount of cell destruction occu rring at anyone 
time may be quite low and in these cases the C K 
rna)' only be slightly raised or may indced be 
no rmal. A no rmal CK level docs not itsdf rule out 
the presence of myopathy. 

• Muscle biopsy 

Muscle biopsy is a tt'Chnique which can readily be 
performed in v(' terinary practice, using specially 
designed biopsy needles or open surgery. When 
selecting which muscle to biopsy it is important to 
choose a muscle which is involved in the disease 
process but to avoid areas where the disease is 50 

far advanced that 311 thc muscle has becn replaecd 
by fibrous tissue. If in doubt se\'cral biopsies 
should be taken from a range of different muscles. 
OrieOlalion of the specimen is of great impor
tancc to the muscle pathologist due to the highly 
organizcd natur.:- of muscle tissue. The rectangular 
specimen should bc oriented so that the fibres run 
parallclto the long side. To avoid twisting or fold
ing it should bc pinned at resting length o nto 
blocks of wax, or laid on a piece of card for a few 
minUies before fixation in a solution of, for exam
ple, 10% buffered formalin . Once the specimen 
has bcen fixed and embedded in paraffin it is 
stained. Specimens produced in this way arc per
fectl}' adequ:l.te for diagnosis of conditions such as 
toxoplasmosis or pol ymyositis. Howevcr, with 
the ad"cnt of frozen sections and histochcmical 

Avtor 0 Las" e 10 gradivo 



698 I MUSCLE DISEASES OF THE DOG AND CAT 

Slaining it has become possible to reveal far more 
of the cellular detail of the muscle and to exallline 
the proportions of each fibre lype. In order to 
make the 1Il0St of these t~hniques corr«t pro
cessing is essemial. Samples for fibre typing are 
snap frozen in liquid nitrogen and muSt then 
remain at low temperatures throughout process
ing. For this reason, biopsies which require histo
chenlical staining arc generally taken at referral 
centres. 

• Eleclromyography 

Electromyography (EMG) is used 10 examine the 
electrical act;\·iry within muscle by inserting 
needle electrodes into the muscle mass. Tile pro
cedure requires spccialist equipment comprising 
an oscilloscope, amplifi ers, recording and refer
ence electrodes. 

Normal, relaxed, skeleul muscle is electrically 
silent but in sOllle di sease states so-called sponta
neous activity is present. This can be r~ordcd 
even when the patient is under general anaesthetic 
and is an indication of abnormality. Spontaneous 
activit y takes the form of fibrillation potentials, 
positive sharp waves and bizarre high frequency 
discharges. 

About a week after denen'ation fibrillation 
potenti::l ls arc seen on the electromyogram. These 
are small biphasic potentials 20-JOO ~V in ::Impli
tude which arc thought to arise from individual 
muscle fibres twitching when released from the 
control of the nerve. Positive sharp wa\'CS consist 
of an ini tial posili\'c deflection followed by a 
slowcr negativc potcmial. In thc dog posit ive 
sh::lrp wa\'es have an ampli tude similar to that of 
fibrillation potentials but arc of longer duration. 
They often accompany fibrillation potentials in 
denervation. Both fibrillation potcmials and posi
tive sharp waves may also be present in myopathic 
disease. 

Bizarre high frequency discharges are also 
known as complex repl.'t iti\'t· discharg~ (C ROs). 
Myotonic discharges are a specific form of high 
frequency repetitive discharge which wax and 
wane in frequency ::Ind amplilUde and give rise to 
a sound like ;\ revving moto r bike when played 
through the loudspe::lker of the EMG m:l.chine. 
True myotonic discharges are diagnostic of 
1Il)'otonia. Where:lS myotonic discharges wax and 
wane other forms of C RD may have ::In abrupt 
onset and ending. Thl':Se ' pseudomyotonie' dis
charges arc seen in a wide range of muscle diseases 
in the dog. 

I INHERITED MUSCLE DISEASES OF THE 
DOG (Table 43.1) 

• Canine muscular dystrophy 

O ne of the most dramatic inherited muscle dis
eases to be described in the dog is a sex-linked, 
degenerativc myop::lthy affecting golden retriev
ers which h::ls been reponed in the United States 
of America ( roo·leier. 1958: Kornegay, 1984; 
Valentine et al., 1986). This condition has been 
Studied closely and is now considered to be 
analogous to Duchcnnc muscular d ystrophy of 
humans. The onset of clinical signs occurs by 6 to 
8 weeks :l.lthough eumination of muscle from 
neonates has shown that pathological ch::lnges 
m::ly be present from birth. Affccted puppies arc 
all males. They lire quickly and develop all abnor
mal shuffling gait, characterized by short stiff 
strides. T hey may show reduced ability to open 

r.bl,43.1 Congenital muscle diseases 01 the dog 

Inhert1edflamlllal 
Muscular dystrophy 

Labrador retnever myopathy 
Myotoma 

Mitochondrial myopathy 

MyasthenlilgraVI$ 

Glycogen stofage disease 

type " Gtycogen storage disease 
type III 

Familial dermatomyoSitlS 

Malignant hyperthermia 
Myopathy associated wi1h 

'Iallino Civallers' 
Central core myopathy 
HypolrophlC myopathy 
nCramp 
nSterOld responsive 

polymYOSI!Js 

Non-Inherited 
'Swimmer' puppies 

Golden retriever 
Illsh te rr ier 
Labrador retriever 
Chow ChOw 
Stat10rdshire terrier 
Ctumber spaniel 
Sussex spaniel 
?Old English sheepdog 
Jack RUSSell terrier 
Spnnger spaniel 
Smoolh Haired Fox terner 
Lapland dog 

German shepherd 

COllie 
snelland sheepdog 

cavalier King Charles spaniel 

Great Dane 
German shepherd dog 
Norwich terriers 
German pointer 

Congenital quadl iceps contracture 
Nulrltionai myopalhy 
Congeni1al prolozoal myositis 



the jaws and difficulty prchcnding and swallow
ing food. The condition progresses gradually and 
there is considerable v:uiuion in the severity of 
the clinical signs. Most skeletal muscles arc 
atrophic but hypertrophy has been observed. in 
some muscle groups and in the congue. Gross 
hypertrophy of the tongue has bC'Cn reported as 
early as 10 days of :lgl: resulting in in:lbility to 
(ted :md respiratory diffi culties (Meier, 1958). 
Affe<: ted dogs show no neurological deficits and 
spinal reflexes 3re norm:tl. Cardiac in volvement 
~$u!ting in congcstive hent f:li\ure h:u occurred. 

An important diagnostic feature of canine mus
cular dystrophy is the massi\'c dcvation of serum 
C K. Values greater th:tn 15000 iu \-1 ha\'c been 
reported (reference range up to 300 iu I-I) and 
diflic:llly norm:ll fe m:llc carriers may :llso show an 
elevated C K. At el« tromyography positive sharp 
W:lves :lnd bizarre high freq uency discharges 
(pseudomyotonie) :lre recorded. 

Histology of affected muscles shows fib re size 
variation, large rounded hyaline fibres, prominent 
necrosis, phagocytosis and mineralization 
together with some evidence of regencration 
(Valentine f' l al., 1986). Many of the features of 
this condition arc identical to those of the X
linked dcgener:ltive myopathy described in a liner 
of Irish terrier puppies (Wentink el aI., 1972). 
C linic:ll signs included dysphagia, difficulty walk
ing, lumbar kyphosis, hypertrophy of the base of 
the tongue, marked stiffness of skeletal muscles 
and dramatically elevated levels of serum C K. No 
further cases of Irish terrier myopathy have been 
reported but it seems certain that the condition is 
identical to the golden retriever myopathy and 
should therefore be classified as an example of 
canine muscular dystrophy. X-linked muscular 
dystrophy has also been obsef1led in the samoyed, 
ronwciler and Belgian shepherd (Kornegay, 
1992). 

Breeding studies carried out on the golden 
retrievers suggest that the mode of inheri t:l.nce is 
as an X-linked recessive trait. The clinical signs 
and muscle pathology obsef1led in these dogs are 
vcry similar to those seen in the Ouchenne form 
of muscular dystrophy of man, and the demon
stration that the muscle protei n 'dysuophin' is 
absent from muscles of -affected animals (Cooper 
et al., 1988). confirmed that this example of canine 
muscular dystrophy is analogous to Duchennc 
muscular dystrophy. 

The definition of the teml muscular dystrophy 
gave rise to some confusion within the medical lit
erature for many years and, in the veterinary field, 
the situation is further complicated by the fact 
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that nutritional myodegener:ttion of f:t rm animals 
has frequcnt ly bcen alluded to as 'muscular dys
trophy' (Blood ('/ at., 19S3). 1t has been suggested 
that in humans the term ' muscular dystrophy' 
should be reserved fo r cases of 'progressive, 
genetically determined. prim:try degenerative 
myopathy' (W:tllon and Gardner· Medwin 1981) 
and it would seem dcsi rable to adopt a similar 
definition in vetcrinary medicine. 

Other cases of 50-called muscular dystrophy 
have been reported in dogs (Innes, 195 1; Whitney, 
1958; Funkquist e/ at., 1980). but if the defi nition 
stated above is critically applied some of these 
examples do nOt fu lfi l t]'e criteria. 

Persistent atrial standstill has been described 
in the springer spaniel, in :tssociation with 
a facioscapulohumeral type of dystrophy 
(8ollaguf3 and O'Gr:ldy, 1983), and three related 
English springer spaniels with a polysystemic 
disorder char:tcteri zed by dyseryth ropoiesis, 
myopathy and cardiac disease have also been 
reponed (Holland ('I aI., 199 1). A single litter of 
Old English sheepdog puppies showed a progres
sive disease which it was sugge5led might be :I 

form of canine muscula.r dystrophy (Chrisman, 
1982). In the Bouvier des Flandres a primary 
myopathy has been found to underly the swal 
lowi ng difficulties described in 24 dogs (Peeters et 
al., 1991 ). The authors considered that this condi
tion resembles oculopharyngeal muscular dystro
phy of humans. The aff("cted dogs showed no 
generalizcd weakncss and no abnormalities were 
found in the muscles of the limbs suggcsting thai 
this is not the same condition as the degenerative 
polymyopathy previously described in four 
related Bou\'ier des FI:lndres dogs (Braund f't aI., 
1990). The animals descri bed in this report were 
all females . Two of the cases presented with gen
eralized limb weakness and mcgaocsophagus, the 
other IWO were clinicall y normal. 

• labrador retr iever myopathy 

This disease was fi rst described in the United 
States (Kramer e l aI., 1976) and is widespread 
throughout the United Kingdom. The condition 
has been referred !O as type 2 muscle fibre defi 
ciency, generalized muscle weakness, myotonia, 
muscular dystrophy and Labrador retriever 
myop.uhy. The most common reason for presen
tation is apparent exercise intolerance with or 
without collapse. However some pups arc pre
sented as orthopaedic cases due to abnormalities 
of gait or as cases of lethargy. The age at which 
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affccted animals arc presented :lIsa \':lries, Onset 
of signs usually occurs between 8 and 12 weeks of 
:lge although some dogs m:ly appe:lr to be normal 
until approximately 6 months (McKcrrell and 
Br;l.und, 1987), When exercised. the puppies move 
with a stiff. stilted gait :lnd an ;l.rched back (Fig. 
H.1 ). The head carriage is often low with the neck 
greatly flexed and many of the pups show abnor
m;l.] joint posture such ;l.S o\'erextended carpi, 
carpal valgus. o\'erflexed hocks o r 'cow hocks'. 
Exercise tolerancl.' is reduced ;l.nd as the puppies 
become tired the stride shortens ;l.nd the he;l.d is 
lowered until the dog pitches forward onto its 
nose in a manner reminiscent of my;t5theni:l 
gravis. However. in these cases there is no 
improvement following administration of 
Camsi lon (sec Camsilon test). There is no loss of 
consciousness during collapse and after a period 
o f rest the puppy is usually able 10 resume exer
cise. Some oldcr animals appear to regulate thcir 
exercise and rather than collapse merely sil down 
and obstinately refuse 10 mo\·e. 

There is generalized atrophy of skeletal muscle 
which is often mosl nOliccable over the temporal 
region and in the proximal forelimb. Muscle tone 
is reduced and postural testing reve;l. ls marked 
limb weakness. Affccted puppies often cannot 
support the weight on the forelimbs in the wheel
barrow tl.'st and may be unable 10 perform hemi
walking or hopping and stepping tests. II is an 
interesting feature of these cases Ihal the rail is 
:llw;lYs $lrons ;Iud w;lgs no rmall y! Neurologital 
examination should be carried Out since in all 

Figure 43.1 Labrador retriever 
myopathy in puppy showing 
abnormal posture with an 
arched back and low head 
carriage. From McKerrell and 
Braund (1987). 

c:.scs the patellar and triceps reflexes arc reduced 
or absent. No other neurological abnorm:llities 
arc present although megaoesophagus has devel
oped in a few cases. Routine biochemical and 
haematologic:ll examination is of little usc in 
diagnosis. C K levels may be slightly elevated 
but arc more usually within the normal range. 
Electromyography can be an aid to confirming 
the diagnosis. Fibrillation pOlentials and positi\·e 
sharp W:lves arc generally present. panicularly in 
younger animals whereas in older dogs bizarre 
high frequency discharges (pseudomyolonic) arc 
commonly found throughout [he skeletal muscles 
(Moore et al., 1987; McKerrcll, 1989). The most 
reliable w:ly of confirming the diagnosis is by 
muscle biopsy. The pathological changes present 
in the muscle are very variable includ ing changes 
classically regarded as indicative of mild dener ... a
lion but also those suggesli\'e of myopathy 
(McKerrell and Braund, 1986). Myopathic 
change!i include splining of fibres. some necrosis 
and in some muscles, very large increases in the 
numbers of internal nuclei. Histochemistry 
reveals a deficiency of type 2 fibres in some 
muscles. 

Although young puppies can be quite severely 
disabled the condition generally stabilizes by 
:lpproximately one year o f age. The dogs still have 
a reduced exercise tolerance and se\'erc muscle 
:ltrophy but can ollen ma.ke good pets. Owners 
should be warned that exacerbations occasionally 
octur if affCi: lcd :lnimals arc exposed to Stress, 
panicul:.rly severe cold, and many dogs conlinue 
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to suffer tr.lnsient episodes o f weakness when 
upset o r excited . The condition is seen in 
labrador reu;evers of black and yellow coat 
colo ur and affects both sexes equally. In the UK 
the majo rity o f cases have occurred in dogs from 
working str2ins although a few cases have been 
seen in show anima15. Since the cond ition is inher
ited via an autosomal recessive trait (Kramer tit al., 
1981) both parents of an affected puppy are obl ig
ate carriers, although they will appear clinically 
no nnal. Furthermore, half of the litter are likely 
to be carriers of the affected gene. Thus the advice 
to breeders must be to avoid breeding fro m the 
parents o r siblings of affected animals. There is no 
treatment fo r this cond ition although anecdotal 
evidence suggests that anabolic steroids may be of 
some use in preventing further muscle loss. 

• Canine myotonia 

Myotonia is chancterized by the delayed rclax
ation of skeletal muscle following voluntary co n
metion or stimulation, and has been described 
in chow chows in Gr~t Britain (G riffi ths and 
Duncan, 1973), Australia (Farrow and Malik, 
1981), New Zealand Oa nes et al., 1978), Holland 
(Wentink et al., 1974) and the United SI:ltes 
(Shores et aI. , 1986). C:mine myotonia has also 
been seen in the Staffordshire terrier in the 
United Stales (Shires et al., 1983). Signs of 
myotonia are first sec.n when the puppies begin 
to walk. Affected dogs have diffi culty in rising 
and stiffness o f all four limbs which improves 
with exercise. The gait is waddling ;!.nd the dog 
may 'bunny-ho p'. In some cases the generalized 
muscle sp:asm is so severe Ihn the dog falls over 
and remains in lueral recumbency for up to 30 s. 
The skeletal muscles are often gru d y hyper
trophied and percussion of these (o r the tongue 
in the an ;!.esthetized patient) resul ts in the 
productio n o f a myotonic dimple (Fig. 43.2). 
C har2cleristic myoto nic discharges arc recorded 
at electromyography. These high frequency dis
charges wax and wane in both freq uency :md 
amplitude, giving rise to the so-called 'd ive 
bomber' sound wben played through the ampli
fi er. The pathological changes observed in the 
muscle arc generally non-specifi c. 

In both the cho w chow ;!.nd the Staffordshire 
terrier, the cond ition :lppears to be famil ial but the 
mode of inheritance has not becn demonstrated . 
The chow W ;!.S originally bred for meat and o ver 
the years :l highly muscled appearance h;!.s been 
considered desirable in both b reeds. h is interest-
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Figure 43 .2 Canine myotonia In a 4·month-old chow 
chow. A myotonic dimple has been elicited by percusslng 
the edge of the tongue in the anaesthetized patient. 
Photograph courtesy of Michael Herrtage . 

ing to specul~te th ;!. t this may have inadvertently 
resulted in selection for this disorder. 

Treatment of c:lnine myotonia h:as been 
attempted with some success using membrane sta 
bilizers such as procainamide at a dose of 500 mg 
orally every 6 h (F~rrow and ~blik, 198 t). 

Occ:uional cases of myotonia- like conditions 
:associated with myopu hies h:lve been repo n ed in 
various o ther breeds. including the cavalier King 
C harles spaniel Oones and Johnstone. 1982), 
Rhodesian ridgeb:lck (Simpson and Braund, 
1985), and Great Dane (Honhold and Smith, 
1986). Myotonia is also ~n in associ:ltion 
with canine hyperadrenocorticism (Duncan et al., 
1977), and fr2nsient myoto nia occurred in dogs 
given o ral doses of the herbicide 2,4-d ichloro
phenoxyacetic acid (Steiss t l ai., 1987). 

The myop;!.thies affecting the golden retriever, 
Irish terrier and Labrador retriever have been 
misleadingly referred to as myotoni.t o r myotonic 
myopathies in the literature since in all cases 
bizarre high frequency discharges (pseudo
myotonic) were recorded at electro myography. 
However, they do not sho w the classical signs of 
congenital myo tonia and sho uld not be confused 
with the weJl-r«ognized fo rms of the conditio n 
described above. 

• Mitochondrial myopathies 

A condition has been described in the C lurnber 
spaniel in which the prim:lry abno rmality was 
shown to be a defect in mitocho ndrial function 
(Hemage and H oulton. 1979). These dogs were 
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eager to exercise and appeared clinically normal 
when examined at rest. When exerciscd the gait 
was normal but exercise tolerance w:tS dramati 
cally red uccd. After approximately 100 m ;tHected 
puppies sank into sternal recumbency and refusro 
to move. Excessive panting and tachycardi;t were 
observed ;tnd arterial blood samples confirmed 
that this was due to severe acidosis. After lO
IS min the dogs were able to rise but remained 
depressed for up to an hour ;tfter the colbpse. The 
exercise-induced acidosis w:tS found to be due to 
dramatic increases in both lactate and pyruvate. 
Light microscopic examination of muscle biopsics 
showed prominent lipid droplets in type I fib res, 
and at elcctron microscopy large lipid droplets 
were seen between the fibri ls (Andcrson, 1985). 
Although mitochondria were normal in appear
ance biochemiC:l.J analysis of mu scle showed that 
the defect by in the mitochondria, which were 
unable to oxidize py ruvate due to a defcct in the 
pyruv:ue dchydrogcll:lse complex. 

The condition was subsequently recognized in 
the Sussex sp:l.niel, :l breed closely related to the 
d umber (I-I ouhon :lnd I-Iem age, 1980). Care 
should be taken when in\'estigating such a case 
since exercise in an affected animal can result in 
sudden death, and is a possible explanation for the 
occasional ;Ulccdotal reports of 'heart alt3cks' in 
young dogs of these breeds. 

Episodic we:tkness :tSsociated with exert ional 
l:tctic acidosis and myopnhy has also been 
described in two Old English sheepdog Iiner
matcs. The condition W:lS considered likely to 
be a mitochondrial myopathy but biochemical 
characterization of the defect W:lS not carried 
out (Brcitschwerdt et al., 1992). 

A single case of a myopath}', in which bar-l ike 
inclusions were found in the mitochondria, was 
reported in a West H ighbnd whi te terrier 
(Bradley et al., 1988). 

• Congenital myasthenia gravis 

Congenital myasthenia gravis is an inherited dis
ease seen in the Jack Russell terrier (Palmer and 
Goodyear, 1978), springer spilllicl Oohnson et al., 
1975) and the smooth hai red fox terrier (Miller et 
al., 1983), and is inherited:tS an autosomal reces
si "e trait (Wallace and Palmer, 1984). Puppies 
show signs of wl'akness from 6-8 weeks of age. 
They h:t\'e difficulty sunding or rais ing their 
heads and are often dysphagic. Diagnosis of this 
cond ition may be suspected from the clinical signs 
and is confirmed by the response to the Camsi lon 

test (see p. 697). T realnlelll consists of the anti
cholinesterase pyridostigmine bromide at a dose 
of :tpproxim:l. Iely 0.5-3 .0 mg a day, and is best 
~dministercd orally in the form of a syrup diluted 
III w:t ter. 

Congenital myasthenia gravis is a condition of 
the neuromuscular junction but in contrast to 
acquired myasthenia gra"is (qv), there are no cir
culat ing antibodies to acetylcholine rcceptors in 
this form of the d isease. The condi tion appears 
to be due 10 a reduced number of acetylcholine 
receptors present in the postsynaptic membrane 
(Oda et al., 1984), and morphometric examination 
of the uhr:tstructure of the end-plate regions has 
demonSlrated some alterations in thc membr:lIle 
folding pattern in :tffectcd animals (Wilkes et aI. , 
1987). 

A recessively inherited disorder of neuromus
cular transmission has also been described in a 
Danish breed, the Gamel Dansk I-I onsehund 
(Troj:tberg and Flagstad, 1982). Signs included 
weakness on exercise and clcct rophysiological 
responses similar to thost' seen in myaSlhenia 
gravis but there was no improvement on adminis
tration o f edrophonium chloride. It is not clear 
whether the failure of neu romuscular transmis
sion in this condition was pre- or poslSyn:J.ptic but 
treatment with guanidine hydrochloride resulted 
in improved muscu lar function (Hlgstad et al., 
1986). Since guanidine is known to increase the 
number of quanta of acetylcholine rele:tsed by a 
single nerve impulse, the response to gu:tnidine 
may suggest the presence of a presynaptic defect 
in this breed. 

• Glycogen storage diseases 

The glycogen storage di seases comprise a group 
of inherited disorders of carbo hydrate metabo
lism which result in accumulation of glycogen :tnd 
in which a predominant sign is muscle weakness . 
T wo glycogen storage diseases analogous to those 
previously described in humans have been docu
mem ed in the dog. 

• Glycog •• storage disease type II 
(Pomp. 's dlseas., 

A condition similar to glycogen storage disease 
lype II (Pompe's disease) was described in four 
related Lapland dogs (W alvoort et Ill., 1984). 
Affectro dogs showed no clinical signs in the first 
6 months of life but gradually beC,lOle weak :tnd 
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• Hypolrophy of Ihe pecllneus muscle 

A dc\'dopment:tI myop.uhy of the p«tincus mus
de characterized by hypotrophy of t)'~ 2 fib res 
wn described in .I number of Gcmun shepherd 
dogs (C;udinci ('/ al .• 1%9). The possi bility thai 
there could be :Ul association bctwt'Cn the muscle 
abnormality and the dc\'dopmcnl of hip dysplasia 
was examined bUI hiled to confirm any rc:l :l tion
ship bctwccll ihe conditions (lust ct al .. 1972). 

• Cramp in Norwich terriers 

For some years a condition hu been recognized in 
Norwich terriers in which a 'spasm ' of the 
hindquarters lasting approximatciy 5 min occurs 
during or after exercise. It Ilas been suggested that 
d ictary supplcnu'lllll ion with selenium o r sea
weed may reduce i15 incidence (Furber. 1984), bUI 
the disease has not been docum~ntcd ill any delJ.il. 
h is not clear if an inherited component is 
in\,oh·cd or whcthcr it is :In eX:lmple of :In 
acqu ired nutritio nal Ol)'opathy. 

• Polymyositis 

A s t c roid- responsi \'~ polymyosi tis hu bt~n 
reported in t\\'O Gcrman pointer puppies 
(Pres thus and Lindboc. 1988). 

NON· INHERITED CONGENITAL 
MUSCLE DISEASES OF THE DOG 
(Table 43 .1) 

• Swimmer puppies 

'Swimmcr puppics' arc known 10 occur in se\'erai 
breeds. Affccted puppics arc unable to sl:md and 
thc limbs are abducted. If al1owro 10 remain in 
stcrnal recumbency, flallening of the sternum 
develops but if the limbs arc bound togcther in an 
adducled posilion. o r in f1 ~x ion, the puppies 
rcco\'er (McKl'Own and Archibald. 1979). 

• Congenital contracturBS 

Vaughan described congenitAl COlllr.lcture of the 
quadriceps musele in tWO 8-wcck-old Labrado r 
relric\'er puppies and suggcsted Ih;al Ih iJli might be 
:) form of locali l.cd anhrogryposiJli (Vaughan, 
1979). 

• Nulritional myopalhles 

N utrit ion:)l myopathies ha\'~ been produced 
expcrimt'ntalJy in puppies by feedi ng them diets 
known to be defi cient in \'itJ.min E and selenium 
(Van Vlcet, 1975). Natur.l lly occurring cases of 
congenital nutril ionJ.1 myopathy have also been 
reponed in puppies (Manktclow, 1%); K;asp;ar 
and Lombard. 1%) . 

• Congenital prolozoal myosilis 

Sec acquired conditions. 

I ACQUIRED MUSCLE DISEASES OF THE 
DOG (Table 43.2) 

• Inflammalory 

The inflammatory myositid~s arc among the most 
commo n muscle diseases o f the dog :.tnd may be 

Tl ble 43.2 Acquired muscle diseases oltha dog 

Inllammat(lfy 
InlecllOus 

Immune mediated 

Endocrine 

MetabolIC 

NeoplaSia 

Mlscellaneous..lraumatlC 

TOXOplufrU myopathy 
NMpora myopathy 
M/Crofil3flJ 
TflChllttilJ 
LeplosptlOSI$ 
Clostndla 
IdIOpathIC myositIS 01 

INshcatory muscles 
Ptllymyositls 
Myasthenia graVIs 

HypothyrOidism 
Hyperadlenocofliclsm 

Hyperkalaemia (periodiC 
paralysis) 

HypoQlaemia 
Malignant hypertllermla 
Exerllonal myopathy 

(GreyhOUnd cramp) 

Rhabdomyoma 
Rhabdomyosarcoma 
Pal'll'lflOlllastlc myopathy 

FibrOhc myopathy of the 
semllendlllOsllS 

Myosrtl$ OSSIllCans 
Conliactures -quadriceps 

-tnlras]llnatus 
.. """, 

ImmobruntlOl'l myopathy 
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Figure 43.3 (a) and (b) A Hamilton slovare puppy with hindlimb ulensor rigidity caused by Neospora Ctlninum 
infection. Photographs courtesy 01 Michael Herrtage. 

observation that many cases of protozoal disease 
were seroneg.ui \'e when tested for IOxoplasmosis. 
The life cyclc of Neo5pora cdllillum and the source 
of infection are still unknown. 

Eosinophilic myositiS/idiopathic myositis of the 
masticatory muscles 

Eosinophilic myositis or idiopathic myositis of 
masticatory muscles is sa.id to be one of the most 
frequently recognized canine muscle diseases, 
with a. particularly high incidence in the German 
shepherd dog (McKeown and Archibald, 1979). 

The clinica! course may be acute or chronic and 
the condition may be unilateral or bilateral. In 
acute cases the muscles of mastication arc swollen 
Olnd painful and there is difficu lty opening the 
mouth. The animal may be depressed and febrile, 
with enlarged tonsils and submaxillary lymph 
nodes. The acute phase lasts 2-3 weeks, during 
which time there is evidence of a peripheral neu
trophilia and in some cases eosi nophilia as well. 
Muscle biopsies show necrosis, haemorrhage, 
oedema and an inflammatory infiltrate, consisting 
primarily of mononuclear cells. 

The chronic form of the condition may follow 
an acute episode or episodes. or may develop 
insidiously. C hronic cases are characterized by 
se\'ere atrophy of the muscles of mastication. The 
condition mOly be uniiOlterai but is oft en bilateral, 
resulting in limited abi lity to open the jaws. 
Biopsies from these cases show marked fibrosis of 
affected muscles. The aetiology of the condition is 
not fully understood but it seems likely th.t( il is 
immune mediated. This is supported by the 
observation that treatment with glucocorticoids is 
generally of benefit in both acute and chronic 

cases and by the demonstration that affected dogs 
have circulating autoantibodie.s directed agOlinst 
type 2M fibres, 2 type of muscle fibre unique to 
the muscles of mastication (Shelton e( al., 1987). 

Treatment consists of 05--1.5 mg kg-I oral 
prednisolone twice daily until remissio n occurs. 
The dose is then gradually reduced and with
drawn if possible. In some cases alternate day 
ther3py is necessary to prevent relapse. 

Polymyositis 

Polymyositis is a diffuse inOOlmmatory disease 
which affects adult dogs of either sex and is said to 
be more common in I.uge breeds. Prescnti ng signs 
arc variable and include weakness with fatigOlbil 
ity, difficulty swallowing, lameness or stiffness 
and generalized muscle atrophy. Approximately 
one-third of cases have pain on palpation of skele
tal muscles and mcgaoesophagus may be present. 

Fibrillation potentials, positive sharp waves 
and increased insertional acti\'ity Olre present at 
electromyography. There is usually elevation of 
serum enzymes, bUI since only sonte may be 
raised CK, aspartate aminotransferase, aldolase 
and lactOlte dehydrogenase should all be evaluated. 
Diagnosis is confirmed by examination of muscle 
biopsies in which necrosis of muscle fibres and 
infiltration of muscle by plasma cells and lympho
cytes Olre seen. The disease is likely to be immune 
mediated in most cases Olnd treatment with cor
ticosteroids often produces a rapid improvement 
(Kornegay e( at., 1980). Prednisolone is given at 3 
dose of 0.2S-1.5 Illg kg-I ever)' 8 h. If there is no 
dramatic response the dose may be doubled until 
improvement occurs, maintained for 3 to 4 weeks 
and then reduced gradually. 
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It is of particula.r import;lnce that corticos
teroids should not be given to cases of toxoplasma 
myosit is as this ca.n produce eXllcerbation of the 
condition. Protozoal infectio n must, therefore, be 
ruled out befort trtatment with cortie05leroids is 
initiated. 

Idiopathic polymyositis is sten a.lone but has 
also been reported in association with other 
immune-mediated diseases such as systemic lupus 
trythematosus (Krum ct a/., 1977), and poty
arthritis (Bennett and Kdly, 1987). Steroid
responsive polymyositis was also reported in fWO 

7-momh-old Germa.n wire-haired po inter liner 
mates (Presthus and Lindboe, 1988). 

Acquired myasth.nia gravis 

In acquired canine myasthenia gravis the ncuro
muscular junction is the si te of immune-mediated 
destructio n (Palmer, 1980; Lennon t't af., 1981 ). 
Most cases arc seen in adult dogs of large breeds, 
although one acquired case was seen in a 7-week
o ld Jack Russell terrier-cross bitch (Palmer ct aI. , 
1980). Signs arc of se'·ere muscular weakness. par
ticularly of the forelimbs, and fatigue o n exercise 
which improves with rest. Myasthenic dogs have a 
shon choppy stride and a low head carriagc which 
becomes mo re pronounced as the dog tires. If 
encouN-ged to exercise the suide becomes shoner 
and shoner until eventually the dog pitches for
ward onto its nose. Myasthenia gravis in the dog is 
frequently characterized by regurgitlltion due to 
mega.oesophagus, and a number of cases have 
been seen in association with thymoma. 

The condition is considered to be autoimmune 
in origin and circulating a.ntibodies to acetyl
choline receptors of the neuro muscular junction 
are detectable. Dillgnosis is based on clinical signs 
and on the response 10 the Camsilon test (p. 697). 
Treatment consistS o f the orallldministration of 
pyridostigmine bromide an llnticholincstel'ilse 
drug which effectively increases [he availability of 
acetylcholine ll t the neuro muscular junction. The 
dose of pyridostigmine required vllrics according 
to the size of the doS, the severity of t ile signs and 
the responSe to trCll tment. The effective dose may 
therefore range from 7.5 mg orally o nce a day in a 
Jack Russell terrier to 60 mg fWO or three times a 
day in a German shepherd. Care should be taken 
when administering this d rug since inadvenent 
o verdose can result in a cho linergic crisis which if 
unrecognized m3Y pro ve fatal. Since the conditio n 
is immune mediated, immunosuppressive levels of 
conicosteroids may be benefi cial, and e\'cn cura
tive in some cases, but it is important to nOle that 
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glucocorticoids used in combinlltion with anti
cholinesterase drugs may result in enhancemem 
of muscle weakness. 

The prognosis of myasthenia in the dog is \·ari 
able, Some cases go into spontaneous remission 
and make a fu ll recovery, but a proponion of dogs 
require continuous ther3py. Complications such 
as inhalation pneumonia may arise in dogs which 
del'elop megaoesophllgus. It is particulllrl y 
impo mnt that these individuals should not be 
gi vcn corticosteroids until the pneumonia is con
tTolled. 

A focal form of myasthenia gravis has also been 
described in which mcgaocsophagus is the main 
feature ll lthough some of the dogs also showed 
weakness of hryngea.l, pharyngeal and fa cial mus
cles (Shelton el a/., 1990). In a study of 152 dogs 
with id iopathic acquired megaoesophagu5 40 had 
positive tit res of llntibody to acetylcholine recep
tors llnd in 48% of these cases decreasi ng titres 
correlated with improvement or remission of 
clinical signs. 

• Myopathies associated with endocrine 
disease 

Myopathic changes ha\'e been found in dogs in 
association with endocrine disc.ue. Muscle biop
sies taken from dogs known to hllve primary 
hypothyroidism (see C hapter 39) have re\'ea.led lln 
associated myopathy. The patho logical changes 
included fib re size vari:nion :lnd reduction in 
diameter of type 2 fibres, although the electro
myogram was normal and there were no clinical 
signs d irectly attributable to the myoPll thy 
(Braund N al .• 1981 ). 

Cases of hyperadrenocorticism may also be 
associated with pathological changes in the mus
cle (Greene et al., 1979; Braund t't al., I 980a.). In 
these cases there is evidence of severe weakness 
and ll trophy of skeletal muscle which improves llS 
the' underlying metabolic disease is treated. Some 
Cllses of canine C ushing's disea.se dc\·e\op signs o f 
nlyolOnia and in lhese dramatic high frequenc), 
discharges arc recorded at clectromyogr;l.phy. 

• Metabolic myopathtes 

Hyp,rkalBflmiB and hypoka'BflmlB 

Muscle weakness is seen in animals in which alter
ations have occurred in potassium levels. H ypo
kalaemill is seen in associlltion with vomiting, 
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diarrhoea and urinary loss. Hyperkalaemia may 
b~ seen in hypoadrenocorticism. unco ntrolled 
diabetcs mellitu.s, renal failur~ and acidosis. On~ 
cas~ has be~n described in which :l dog suff~red 
frequent shon episodes of w~:lkn~ss :usociated 
with periods of ex~rcis~-indueed hyp~rkala~mia 
Oezy k,1982). 

Ma/ignanl hyperthermia 

Malignant hyp~rthermia is a hypcrmctabolic dis
o rder o f skdet.ll muscl~ whic.h has bcc-n r~portcd 
in the dog and cal. It has b~n s~n in a number of 
br«ds and a colony of susceptible dogs has becn 
described, suggesting a possibl ~ genetic compo
nenl to the eondilio n (O'Srien I't al., 1983). In 
susceptible indi\·iduals episod~s are usually initi
.ned by lh~ administration o f certain halogenated 
anaesthetic agents such as halOlhan~ or by depo
larizing muscle relaxants. The defect appears to lie 
in the sarcoplasmic reticulum. C alcium is rcleased 
but th~ membrane fails 10 tak~ it up again resul t
ing in sustained conln.ction. Until an episode is 
precipitated tile ani mal appears clinically no rmal 
although some susceptible dogs show hypertro
phy of skel~tal musd~ ;md an increas~ in muscl~ 
to ne. During an auack th~ limbs lxcome rigid and 
trismus de\'clops. The prolonged contraction o f 
the muscles rcsults in hyp~rthermia and acidosis. 
and if untreated may lead to respiratory and car
diac arrest. Stn-ss or exercise may also be preci pi
tating factors. In one CaM a greyhound d~vdopcd 
malignant hyperthermia wh~n it b«ame ~xeited 
on being r~united with its owner after an anacs
thetic (Kirmayer ct al., 19804). Exercisc-induccd 
hyperthermia was reported in a 2-ycar-o ld male 
English springcr spaniel (R;md and O 'Brien, 
1987). In this ease, moderate exercise resul ted 
in hyperthermia (r~ctal tempcrature of 42.3°C), 
apparent cramping of hindlimb muscles and 
laboured respiration. 

The treatment of choice for cascs of malignant 
hyperthermia is to administer thc muscle relaxant 
dantrolenc at a dos~ of 5 mg kg-I intravenously 
but the prognosis is guarded. Dantrolenc did not 
prevent ~xerc ise-induced malignant hypenhcrmia 
in the: ~c dcscribed above (Rand and O' Bricn, 
1987). 

Exertlon,1 myop,thy 

Excrtional myopathy is a syndrome most often 
seen in the racing grcyhound and varies in both 
thc severity of th~ clinical signs and the acuteness 
of the o nset (Gannon. 1980). In hyperacute QSes 
the dog becomes cxtr~mely d istressed while excr-

cisi ng. Therc arc signs of s~vere pain in the mus
cles. particularly of the back and hindquarters. 
and myoglobi nuria de\-clops. This may result in 
renal failure and deadl within 48 h. Acute cases 
also occur during the race but in these cases the 
muscle pain is more localized and myoglobinuria 
is only obs~rved ini tiall y. In these cascs monality 
is less common and treatment may be successful. 
A third, subacute. form- of the condition may be 
scen 24-72 hours after a race. In thcsc cascs there 
is no myoglobinuria and th~ muscle pain is con
fined to the longissimus thoracis. Thcse cases arc 
not fatal. 

Predisposing factors fo r the condition include 
lack of physical fitness, a tcndency to become 
o\'erexcited and tens~ before racing, hOi humid 
conditions and exceuive racing of fit 3nim31s. 

The p3thogenesis of exertional myopathy is nOi 
ful ly understood 3nd is dependent on a number o f 
facfOrs . II 3150 differs between the lcute and 
subacute forms o f the syndro me. 

When muscular exercise is undertaken hydro
gen ions arc produced and these must be buffcrcd 
by th~ body. If ;m unfit animal is subjected to 
cxccssivc fast work the production of hydrogen 
ions is tOO great fo r the intracellular buff~rs. 
osmotic pressure rises and water enters the cells. 
This produces local swd ling which in turn results 
in local ischaemia and focal necrosis. The SUb3CUt~ 
form of the condition is associ;ued with a rdative 
potassium deficit rath~r than a failu re o f the io n 
pump and alkali reserve. This rclati\'e deficit may 
be secn in dogs which arc raced 100 frequently. 
Whcn thc potassium Icvel falls to a cri tical levd 
there may be insufficie nt outOOW o f potassium 
ions. as thc muscle contracts, to initiate local 
vasodi lation, causing local hyperthermia and 
ischaemia. Thus it may be seen th3t although the 
mechanisms arc different the end result in each 
casc is focal necrosis of the muscle cell wall 
produced by local ischaemia. O nce the cell wall 
has lysed myoglobin is released producing 
myoglo binuria. When large amounts of myo
globin 3r~ precipitated in the kidneys renal failure 
occurs. 

Treatment of hyperacute and aeutc cases should 
be staned as soon as possible if it is to be success
ful. Intravenous fluids must be given to prc:vent 
hypovolaemic shock and aid excretion of myoglo
bin through the kidneys. Any normal cxtr.tcellu
lar replacement fluid is suitable fo r this purposc. 
In additio n 20 ml kg-I of 4.2% bicarbonate solu
tion should be administered in order to inereasc 
the buffering capacity of the extracellular flu id. 
Bicarbonate also aids th~ viabili ty of the nephrons 
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of the kidney as an alkaline environment reduces 
the precipitation of myoglobin protein. 

Additional therapeutic mC'asurC's include local 
cooling of affected muscles with cold packs in the 
early stages of the condition. Anabolic steroids, 
phenylbutazo ne and prophylactic antibiotics ma), 
also be useful. 

The urine should be kept alkaline by the admin
istration of oral sodium bicarbonate, at a dose of 
100 mg kg-I for ten days after the episode in o rder 
to protect the kidneys. 

Treatment of the subacute form of the condi
tion takes account of the faCt that in these cases 
the underlying cause is the relative potassium 
dencit. The urine should be alkalinized to prevent 
myoglobin precipitation and phenylbutazone 
may be given [Q rel ieve muscle pain. Anabolic 
steroids are also of value. 

• Traumatic/miscellaneous muscle 
condition. 

Fibrotic myop.,hy ollh. s.mlt.ndinosus 
This is a condition usually seen in the German 
shepherd dog between 2 and 7 years of age. A pal
pable band o f fibro us connective tissue develops 
in the semitendinosus muscle extending from the 
tuber ischii to the tibia. Clinical signs include 
lameness and reduced extension of the limb. The 
cause of the cond itio n is unknown although it has 
been suggested that it may be due to repeated 
trauma. Surgical excision resuits in improvcmcnt 
but the condition usually recurs (Moore el aI., 
1981 ). Similar fibrous bands have been described 
in the quadriceps and gracilis muscles. 

Myositis oulncans 
This term is used to refer to the formation o f non
neoplast ic bone in extnosseous sites oft en within 
skeletal muscles. It is a rare condition which can 
be localized or generalized and al though uncom
mon, has been reported in the dog. C linical signs 
include lameness, pai n on p.1lpation and swelling 
or enlargement of the llffected muscles. HislOlogy 
varies from mild interstitial fibrosis to the com
plete replacement of muscle by fibro us tissue and 
bone (Bone and McGavin, 1985). In localized 
lesions surgical removal o f the ossified muscle 
generally results in re<:overy. 

Cont"ctufls 
In theory any muscle may undergo fib rosis and 
contracture foll owing injury. In the dog, contn c-
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turcs arc most commonly seen in the gracilis, 
infraspinatus and qU3driceps muscles. 

Quadriceps contracture together with stifle 
stiffness is seen in dogs with femoral fractures 
which have been treated by prolonged immobi 
lization in extension. The limb is held in hyperex
tension, the muscles arc atrophied and if examined 
hiSiologically evidence of so-called immobiliza
tion myopathy (fibre size variation, focal necrosis, 
type 2 atrophy and fib rosis) is found (Bnund 
el al. , 1980b). Trauma appears to be the crucial 
factor influencing re<:overy since experimental 
studies suggest that the duration o f the immobi
lization is not an importanl factor. 

Infraspinatus cOnlracture is ohen seen follow
ing trauma o r with a history of sudden pain. The 
initial lameness improves but the dog is left with 
an abnormal gait and a prominent scapular spine. 
The underl ying aetiology is unknown. It has been 
suggested that the suprascapular nerve is damaged 
where it crosses the scapular border, resulting in 
neurogenic atrophy and eventu.ally fibrosis. 
Others suggest that the fibrosis fo llows acute rup
ture of muscle fib res. T re.atmenl involves teno
tomy or partial tenecto my of the tendon of 
insertion of infraspi natus together with separation 
of local adhesions and is said to give good resu lts 
(Bennett, 1986; Vaughan, 1979). 

Contractu res are also seen in the gracilis. 
Most cases have been documented in German 
shepherd dogs, especially those which are partic
ularly athletic. There is an alteration of gait and 
on examination the gracilis muscle is found to 
be taut, firm and narrow with thickening o f the 
tcnson of insertion. Teno tomy relieves the signs 
but the condit ion frequen tly re<:urs (Vaugh:m, 
1969). 

• Neoplasia and muscle disease 

Muscl. tumours 
Primary muscle tumours are nrc and a third of 
striated muscle tumours are benign. Rhabdo
myomas are congenital and affect the heart. 
Conversely, rhabdomyosarcoma is a malignant 
tumour which arises from muscle or non-muscle 
sites but is not seen in the he,},rt. This tumou r usu
:l.lly presents as :I. h.1rd spheric:l.l mass palpable 
deep within the muscle of the limb, neck o r head. 
It is locally invasive but also spreads via the lym
phatics to the lymph nodes and via the blood to 
lungs, abdominal viscera and bones (sec Ch:l.pter 
50). 
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They are responsible for the bone resorption 
which occurs during remodelling, as a normal part 
o f calcium and phosphate homeoSiasis and in 
pathological processes characterized by excessive 
bone resorption. 

Much of the external surface of bones is 
surrou nded by a fibrous c;tpsule called the 
periosteum. A scrond fibrous membrane, the 
endosteum, separates diaphyse:tl cortical bone 
(rom its marrow cavity. 

Bo ne tissue is unique in having an inorganic 
mineral component deposited within its o rganic 
mllrix. The mineral content of the bone matrix 
consists of small crystals of hydroxyapatite, with 
many impu rities. The bone matrix is continually 
resorbed by osteoclasts where.u 05teobla.sts 
simultaneously deposit new bone matrix. This 
constant state of flux is known as remodelling. 
Remodelling contributes not only to the growth 
and development of bone but also to the repair of 
damaged bo ne and to the homeost.uis of normal 
m:lIure bone. The turnover of normal bone by the 
remodelling process ensures that it does not 
fat igue and fracture along lines of mechanical 
stress. Bone turno\'er is primarily governed by 
three ho rmones. Parath)'roid, vitamin 0 and cal· 

P.rlllh)'foids}--'·"~~_1 
(PTH) 

25, HOC 

1. 25. 01 ICe + 
i _. 

c....., 

n __ + Fee::baddoops 

Figure 44.1 Schematic representation of the effects of 
parathyroid hormone (PTH) and 01 calcitonin on serum 
calcium homeostasis 

citonin (Figs 44.1 and 44.2). The funct ion of these 
hormones is 10 maim;!.in serum calcium leyels in 
the normal range o f 2.3- 2.8 mmoll· '. Parathyroid 
hormone (PTH ) and vitamin 0 function togcther 
10 deyate serum calcium le"ds where;!.! calcitonin 
functions to depress serum calcium levels. It is the 
balance between these hormones that maintains 
serum calcium homeostasis. PTH increases circu· 
lating calcium by its actions in (he kidneys, in the 
small intestine and in bone. In the kidneys, PTH 
increases aeti\'e uptake of cllcium whi lst depress· 
ing active phosphatc absorption, resulting in 
incrcased phosphate cxcretion in the urine (phos· 
phatu ric effect). In the small intestine, PTH 
incrcases absorption of calcium from the diet by 
an energy dependem mechanism. In bo ne. iYfH 
increases the r:HC of bonc rcsorption oycr thc rate 
of bone deposition clusi ng a net mO\'ement o ( 
mineral from the bone reservoir into the serum. 
Vitamin OJ is a hormone produced in the skin 
under the influence o f ultr.tviolet Tldi:ltioll or 

t 
I CALCIUM 
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Figure 44 .2 Schematic representation of vitamin 0 
metabolism and the effects of vitamin 0 on serum 
calcium homeostasis. HCC " hydroxycholecalcilerol. 
DHCC " dihydroxycholecalcilerol. PTH ;; parathyroid 
hormone 
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undergo a [empef;l.ment change associated with 
persistent pain whereas other, more stoic, animals 
show no o utward signs of distress even in the face 
of lesions which are presumably quite painful. 

• Orthopaedic history 

Previo us history of o rthopaedic disea.se, no mat
ter how ancient, should always be considered per
tinent to a current orthopaedic problem. Good 
examples of this lie in the onset of osteoarthrit is in 
old-age sl"Condary to hip dysplasi:l. , p:l.lellar luxa
tion, osteochondrosis or other joint disease in 
youth and in the predilection of osteosarcoma at 
old fracture sites. 

The onset of disease should be defined by itS 
duration, whether there was a gradual or acute 
onset of clinical signs and whether o r not there 
has been any progressive change in the lameness. 
Whcn there is an acute onset of disease, it should 
be established whether this was associated with 
particular trauma, whether it occurred during 
normal exercise or whether the event leading to 
lameness was unnoticed. In some skelet:ll diseases 
the lameness may be intermittent or migratory, 
and in many joint di seases the lameness worsens 
following periods of rcst or vigorous exercise. 
Severe and pro longed stiffness after rest, associ
ated with inflammatory joint disease, should be 
differentiated from short-lived stiffness after rest 
(articular gelling) which is most common I)' 
encountered in association with degenerative joint 
diseases. Stiffness aft er rest may also occur with 
certain muscle disorders. 

When dealing with a chro nic d isease it is 
extremely important to note the nature o f any 
previous treatments and the response, if any, to 
those treatments. Specific points of history are 
sometimes useful in reaching a definitive diagno
sis from a list of differential diagnoses. Examples 
of such points include known exposure to sheep 
ticks in cases of suspected Lyme disease, a high 
livcr di~t in hypervitaminosis A o f cats and recent 
g:l.strointestinal disease in some cases of poly
arthritis. 

I PHYSICAL EXAMINATION 

More than one clinical disorder may co-exist and 
contribute to the lameness in anyone animal and 
musculoskeletal abnormalities may be only one 
aspect o f a multis),stemic disease. All orthopaedic 
examinations shou ld therefore be precluded by a 

thorough general examination and, in some cases, 
the orthopaedic examin:l.tion should be supple
menu.-d by a neurological examination. Com
parison of an affected limb with the contralateral 
limb is of recurring benefit in all evaluations of 
animals with musculoskeletal disorders affecting 
locomotion. 

An orthopaedic examination begins with 
obsen ·ation, paying particular attention to the 
animal's general body condition, conformation, 
limb positions, musculoskeletal symmetry and 
any Outward signs of injury, such as puncture 
wounds, lacerat ions or contusions. Muscle :uro
phy is commonly seen in chronic lameness 
cases, but severe, rapidly progressing or highly 
localized muscle wastage may be indicative of 
neuromuscular disease rather than skeletal 
disease. Abno rmal postures may be adopted to 
compen5.lte for painful lesions; dogs with elbow 
arthritis will frequently stand with the elbows 
adducted, bUI will circumduct the elbo ws dur
ing the swinging leg phas~ of the gait. Weight 
transfer from the aJfecled limb to the contra
lateral limb may cause excessive splaying of the 
toes on the unaffected side. Similarly dogs with 
bilateral hindlimb o r forcl imb pain may com
pensate by shifting their weight forwards or 
backwards. Dogs and cats with stifle or hock 
pain usually stand with a very straight hi ndlimb 
conformation; this is often more accentuated 
with disease of the hock than with disease of 
the stifle. If there is bilalef;l.l hock or stifle pain, 
especially in luge breeds of dog, the animal wi ll 
often continually shih weight from one limb to 
the other. 

All lame animals sho uld be observed in loco
motion. Cats should be o bserved in free moving 
exercise in a secure consulting are:l.. Dogs of all 
sizes should be observed whilst leash-exercised at 
the walk and trot. It is sometimes helpful to 
observe an animal through a prolonged period of 
exercise to appreciate exercise-related changes in 
the lameness. In addition to noting which li mb, o r 
limbs, the animal is lame on, the object of observ
ing the animal in motion is to identify and note 
specific abnormali ties of gait such as shortened 
stride length, limited \'o luntary movement of 
joints through their range of motion, abnormal 
limb movements during the swinging leg phase or 
supporting leg phase o f the stride, whether abnor
malities of gait are consistent in every stride, 
whether there is any progressive change in limb 
usage with exercise and whether a painful lesio n is 
present to s~ch an extent that the dog or cat 
resents exerCIse. 
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Aher observing the animal both standing and in 
locomotion, individual attention should be paid 
to observation, manipulation 2nd palp;lIion of the 
spine and all the bones imd joints of the limbs eYen 
in animals b.rne in only one leg. It is often helpful 
to reserve examination of an obviously affected 
limb until last. In this w3y one can familiarize 
onesdf with the normal limbs of the animal and 
gauge the response of the animal to being handled 
in an unfamiliar environment. Reactions to 

manipulation of the 2bnorm:lllimb arc then morc 
readily placed in context. 

Careful palpation of the limbs will reveal subtle 
changes in muscle symmetry, joint size and bone 
contour not readily dClecuble by observation 
alone. Every bone and every joint must be 
palpated fo r signs of h~:lt , p:lin, swdling and 
crepitus. The nature of a detectable swelling 
should be characterized as fluid, 50ft tissue or 
bone. Each joint should be manipulated through 
its norma] range of mov~ment and any reduced 
range of mov~m~nt noted. Joints should also be 
manipulated for abnormal movements resul ting in 
lux:uions or subluxations. Good ~xamples of such 
m;mipulations include the cranial drawer sign 
detectable in the subluxating stifle joint of animals 
with rupture of the cr.tni:ll cruci;!.te ligament, dis
placement of the patella in dogs and cats with 
patellar luxation and hyperextension of the cnpus 
or hock in luuuons and subluxations of the 
carpal joints or tarsal joints. The ease with which 
luxated or subluxated joints can be reduced 
should also be noted. 

It is often necessary to sedate or anaesthetize 
orthopaedic patients for further examinations, 
such as radiology or arthrocentesis and this is 
a good opportunity to perform a second 
orthopaedic examination with the patient fully 
rel:ucd. Usefu l information is frequently forth 
coming from such an eumination; for example, 
large breeds of dog with rupture of the cr.tnial 
cruciate ligament often have a palpable dr:lwer 
sign when anaesthetized even if no such sign is 
palpable with the animal fully conscious. 
Examination under sedation should alwaY5 be 
addition:ll to, and never a substitute for, examina
tion of the fully conscious patient. 

It is ra.rdy possible to ~stablish a defi nitive 
diagnosis of bone and joint disorders from the 
history :lnd clinical examination alone. A list of 
differential diagnoses should b~ considered 3t 
the end of the clinical examination and proce
dures devised to investigate the clinic:l1 findings 
further. 

INVESTIGATIVE TECHNIQUES I 725 

I INVESTIGATIVE TECHNIQUES 

• DiagnDslle Imaging 

Rad iography is indicated in the investigation of 
virtually all orthop3edic problems in the dog and 
cat. Good quality radiographs arc essential for 
:ldequate interpretation of bone and joint disor
ders. At least two views should be taken of any 
onc region under investigation and these should 
ideally be perpendicular to one another. In areas 
where the anatomical configur:nion is complex, 
such as the elbow joint, there may be benefit in 
taking oblique views in addition to the standard 
views. Further information may be gained by 
radiographing joints in varying degrees of flexion 
or extension. With ligament inju ries it is often 
useful to take stressed r.tdiographs to demonstrate 
possible subluxation of a joint. Contrast studies of 
usc in the radiographic evaluation of orthopaedic 
patients include myelography (Widmer and 
Blevins, 1991) and contraSt arthrography (Suter 
and Carb, 1969; Muhumuza et at., 1988; van Brce, 
1990). O rthopaedic r:ldiographs should always be 
viewed under bright light conditions as well as on 
a normal viewer. 

In some cases, additional survey radiogr.tphs 
should be considered. Trauma patients and those 
with bone tumours warrant radiographic investi
gation of the thora.x and abdomen. Certain 
orthopaedic diseases may prescnt with one clini
cally apparent lesion while other, clinically silent, 
lesions exist elsewhere. For example, osteochon
drosis may present as a single limb lameness, but 
bilaterally symmetrical Icsions can often be 
demonstrated r.tdiographically and some dogs 
presenting with unilateral cranial cruciatc liga
ment rupture have subclinie21 erudate disease in 
the contralateral limb. In such cases radiographic 
surveys of several bones or joints may be indi
cated to fully evaluate the patient. 

Some other diagnostic imaging techniques are 
helpful in evaluating small animal bone and joint 
disorders but arc not in common use at the pre
sent time. Uhra.sonogr.tphy may be used to assess 
joint effusions and other abnormalities of articu
lar soft tissues (Koski et at .• 1990). Bone scintigra
phy is a useful method of imaging bone lesions 
that :lre not readily appreciated on conventional 
radiographs (Lamb, 1987; Berg et a/., 1990). The 
technique cV:lluates the degree of localization of 
an intravenously administered r.tdioisolope into 
bone. The uptake of radioisotope is dependent on 
the local blood suppl y and metabolic activity of 
the bone, so scintigraphy provides a funct ion;!.l 
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nied by large amounts of reactive new bone and it 
is important to ensure that the biopsy material 
does not consist soldy o f reactive bone. 111e diag
nostic accuracy of biopsies varies between 66% 
and 94% (Wykes et al., 1985; Powers et ai., 1988). 
Multiple core biopsies from a single lesion and 
biopsy o f the radiological centre of the lesion 
rather than the transitional zone both increase the 
likelihood of an accurate histological diagnosis 
(Wykes et al., 1985). Complie:uions following 
bone biopsy include haemato ma fo rmation, infec 
tion, wound breakdown, local seeding of tumo urs 
2nd pathological fracture (Simon, 1982). 

Synovial membrane biopsies can be obtainl-d 
arthroscop ically (May and Bennett, 1991) or at 
arthrotomy. Although these measures ;l.re inva
sive, it is sometimes nttess;l.ry to explore joints 
surgically to eS12blish the definitive diagnosis. 
Aerobic and an2erobic bacteriological cul ture of 
synovial membranc may be more successful than 
eulrure of synovi;l.l flu id in the in\'estigation of 
suspected infectious arthropathies (Bennett and 
Taylor. I 988a). Ho wever, success with culrure 
from synovial flu id is dramatically improved if 
the sample is transferred to blood culture medium 
before transport to the laboratory. H istological 
examination of formalin-fixed synovial mem
brane biopsies is a useful adju nct in the 
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diagnosis of certain arthropathies, particularly the 
'immune-mediated' joint dise2ses. 

I Haematologlcat , biochemical and 
serological analyses 

H aematological and biochemical profiles may be 
indicated as pan of the preoperative investigation 
o f potcntial orthopaedic surgical candid2tes or in 
thc investigation of orthopaedic 2nd rheumato
logical disorders that present as part of a multi
systcmic illness. In some instances spttific 
serological tests arc indicated. particularly in the 
in \'estigation of certain rhcumatological disor
ders. Rheumatoid factor, antinuclear antibodies 
and antibodies to Borrelia bJCrgJorJeri;l.re some of 
the more common serological parameters mea" 
sured in the investigation of joint diseases. It is 
impon ant to remcmber that serological parame
ters merely lend suppOrt to a clinical diagnosis 
and it is the responsibility of the clinician to 
understand the relevance of any serological tests 
he or she m:ty rcquest. No single serological para
meter is d iagnostic for a specific joint disease and 
laboratory findings should always be considered 
in association with the history. cli nical and 
radiographic findings. 

I e Diseases I 

Bone disorders may be classified on an aetiologi
cal basis n'ablc 44.4). The term 'metabo lic bone 
disease' is often used to describe bone diseases 
with honnonal, nutritional or unknown aetiolo
gies characterized by ch;r.nges in the rate of pro
duction or resorption of bone. Th is usage is 
confusing and is best avoided (Watson, 1990). 
Only diseases of bone associated with constitu
tional metabolic derangement should be referred 
to as 'metabolic' bone d iseases. Some bone d is
C2Ses fall into more than one category of classifi 
c:nion. For example, the idiopathic bone disease. 
meraphyse.:11 osteopathy, h:1S an inflammatory 
component and nutritional secondary hyper
p;l. rathyro idism has a nutritional aetiology, but is 
mediated via increased secretion of parathormonc 
by the pal'llthyro id glands. 

I BONE DISEASES Of DOGS 

• Conslltullonal bone disease 

Constitutional abnormalities o f bone may arise as 
rarc, sporadic events resul ting either from new 
mutations or from the expressio n of rare recessive 
tl'llits. Such anomalies arc often rapidly removed 
from the genetic pool. H owe\'er. some inherited 
bone anomalies ha\'e been positively selected by 
breeders because they arc pcrcei\'l-d as desirable. A 
complex system of classi fication of constitutional 
bone anomalies, originally designed for human d is
orders, has been adaptl-d for use in dogs and cats 
(Rimoin. 1978; Jezyk, 1985). The system of classi fi 
cation is tOO extcnsive to cover here, but certain dis
ease categories are of parl'icul2r relevance in dogs. 
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Multiple cartilaginous 8101101" (MCE) 
MCE aris~ from disorganized dc\·dopment of 
cartilaginous or fib rous dements of the skeleton. 
AffC{;ud dogs ue often imm:uurc and present 
with p:dpable. painless, discrete, partill1y ossified 
protuberances from hone cortices. Neuro
muscular dysfunction occurs only rarely :l5 a 
result of the developing m;a.$S impinging on neigh
bouring soft tissues. MCE probably arise as a 
coruequence of displacement of developing chon
drocytes from the physis into the neighbouring 
metaphysis. MCE may be d iagnosed radiographi
cally as a non-aggressive partially mineralized 
exostosis. The diagnosis can be confirmed by 
biopsy. MCE is often :m incidental finding 
wi thout need of trUlment, although malignant 
tn.ruformation hali b«;n documcnll:a (Owen and 
Bostock, 1971 ). If required, (re:umem is by com
plete surgical resection, 

DysontnBS 

DysoslOses ~ re malform~tions or a congeniul 
absence of indiyidual bones, They indudc Yene
bral segment def~1S (e.g. hemivertebra), apodia 
(absence of a limb), amelia and hemimelia 
(absences of pans of a limb), cctrodactyly ('lob
ster cb.w syndrome'), polydactyly (extra digits) 
and syndactyly (fusion of bone :md/or soft tissue 
bctwcc:n twO or more disits). 

Chromtnom.,.b,mllons 

Chromosomal aberrations are extremely rare in 
dogs, but morc commonly recognized in cats as 
mucopolysaccharidoses (MPS) (qv cau). Sporadic 
examples of MPS have been documented in dogs 
OC'Zyk,1985). 

CongBnltl' hormon.' dBne/Bnel.s 
Some congenital hormonal deficiencies present 
with dwarfing syndromes. Panhypopituitarism or 
growth hormone defieienc), dwarfing h:u been 
documented in German shepherd dogs (Andresen 
and Wi11ebcrg. 1976). Dwarfism and erednism 
associated with congenital hypothyroidism has 
been repon ed in boxers Oczyk, 1985; Saunders 
and Jezyk, 1991). 

• Traumatic bone disease 

Clinically, most involvement with bone trauma 
takes the form of fracture repair. The reader is 
referred to the many sui table surgical textbooks 
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for full discussion of the tOpiC (sec funh er 
RClding). 

• Nutrillonal bone disease 

Nutr/IJon.' $Icond.ry hypBrparathyroldlsm 

Exccssi,'c secrction of par.llhyroid hormone 
(PTH) in nutritional secondary hyperpar.uhy
roidislll is a respon$(' 10 dietary deficiency of cal
cium, The deficiency may be exacerbated by high 
leyels of dietary phosphates. Pers istently depleted 
serum calcium levels lead to chronic and excessiYc 
secretion of PTH which maintains serum calcium 
IC"ds within the normal range, but at the expense 
of bone mineralization (sec Structure and 
fu netion of Bones). 

N utritional secondary hyperparathyroidism is 
5een most commonly in immature, rapidly grow
ing breeds of dog, fed on a predominantly me3t 
diet. It is occasionally seen in breeding bitches 
maintained on an in3ppropriue diet fo r pro
lonsed periods. Affected dogs present wi th bone 
pain and lameness which may be mild to se,·ere. 
Pathological fractures may occur in the limbs or 
\'cn ebrae foll owing minimal trauma. Venebral 
fractures may result in neuroloSical abnormali
ties. Some affected dogs are unable, or unwilling, 
to stand. Resorption of bone from the mandible 
may result in the loss of teeth and increasca pl ia
bili ty of the jaw. but this is most commonly 
reponed in adult dogs with renal secondary 
h yperpamhyroidism. 

Serum caleium ~nd phosphate e"3Iuations are 
of limited diagnostic yalue :u they rem3in within 
the normal ranse in many animals wi th nutri
tional secondary hyperparathyroidism, Serum 
alkaline phosphatas<' leYels may be elevated, but 
this is a non-specific finding assoc i ~ted with 
increasca bone turnover. A radiological skeletal 
sun,ey demonstratcs poor mineraliution of the 
bones, which have an opacit), similar to that of 
surrounding 50ft tissues ('Shost bones'). The cor
tices are thinned and they may app<'ar lamellated, 
Pathological fractures may be seen. The arc-a of 
primary calcification adjacent to the phy, i! m~y 
be seen as a relatively well mineraliz.ed band 
(Riser, 19M) (FiS' 44.5), A history of dietary 
calcium insufficiency (panicularly in a dog of 
susceptible size and ase), the characteristic radio
logical findings and I"aised serum alkaline phos
phat:I.SC levels are sufficient 10 establ ish a 
diasnosis of nutritional secondary hyperpOlra
thyroidism. 
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substantial dention in serum calcium levels 
(3.5 mmol I-lor above) and serum phosphate 
levels arc usually low, or in the low normal range. 
Since primary hyperparathyroidism is rc1:1livcly 
roue other more common differential diagnoses 
of hypcrca1clcmi3 should be considcroo. (sec 
C hapu::r 39). T rcatmen! of primary hyperparathy
roidism is by surgical excision of the neoplasm. 
urI.' must be taken to ensure that residu;al nonnal 
parathyroid tissue is left intact. Reflex hypocaJ
cacmi:!. may occur during the poslopcrati\·c phase 
due to negative feedback suppression of no rmal 
parathyro id tissue. 

Olhel hormonal bonB diseases 

Secondary osteoporosis may occur in hyper
adrenocorticism. hyperthyroidism and :I<:: ro
meg;'! ly. The skclcI:tl disorder is usually of minor 
importance when compared to the other clinical 
manifestations of these syndromes. 

• Inllammatory bone disease 

BactBrlalostBOmYBlJlIs 

Bacterial osteomyelitis usually presents with an 
o bvious lameness and a localized painful and 
swollen bone lesion. The disease mayor may not 
be accompanied by systemic signs of infection, 
including local lymphadenopathy, pyrexia, 
depression and inappetence. In chronic cases there 
may be weight loss and discharging si nus tractS 
may develop. Joint inf«lion may occur in associ
ation with infection of a neighbouring bone :md it 
may be d ifficult 10 determine whether infective 
arthritis or osteomyelitis was the primary event. It 
is rare for bacterial ostcomyelitis to spread from 
o ne bo ne to another across a joi nt. 

Staphylococcus aI/reus is the most freq uently 
isolated bacterium fro m bone infections of dogs 
(C:l.ywood ct al., 1978) but m:l.ny o ther bacteria 
have been associated with bacterial osteomyelitis. 
Mixed infections may occur, and in some cases 
both aerobic and an:l.crobic bacteria arc present 
simultaneously. 

Bacterial inv:l.Sion of bone may occur by any of 
three routes: 

1. H aematogenous spread; 
2. Invasion from local soft tissue infection; 
). By direct penet ration (usually i:l.ITogenic or:l.S:I. 

result o f an open frac ture). 

Bone inflammation rcsulting from bacterial 
infection is characterized by leucocytic infiltra-

tion, phagocytosis of the infecting organisms and 
the release of prOteolytic enzymes which cause 
further local tissue injury. If the infection is not 
controlled by this inflammatory response, bacte
ria penist and the suppurati ve lesion expands 
within the affected bone. Locali7.ed ischaemia 
may be a contributory factor in the establishment 
of some cases of bacterial oSleom},eli tis. In other 
cases ischaemia occurs as a secondary event due to 
intraosseous vascular thrombosis. Severe local
ized ischaemia may lead to bo ne death and 
seq uestrum formation. Draining sinuses devdop 
in chronic lesions. 

H aematologic:l.l and serum biochemical analy
ses arc o ften of little help in confi rming a sus
pected diagnosis of bacterial osteomyelitis. Ohen 
there is no significant change in the leucogram. 
Somc animals have a neutrophilia and a left shift, 
but this is usually mild. 

Radiologically, bacterial osteomyelitis usually 
has an :l.ggressivc pattern of bone destruction 
andlor new bone production (Fig. 44.8) . 

Agure 44.8 MediaHaleral radiograph 01 the ante
brachium 01 a dog with osteomyelitis following internal 
lixalion of a fracture 01 the distal radius and ulna. There 
is bone lysis around the proximal part of the implant and 
extensive periosteal new bone prolileration. The probe is 
inserted in a sinus communicating Irom the infected site 
to the skin surface. 
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of the skull. and multiple e.:lrtilagenous cxoslOses 
(sec constitutional hone disease). 

Primary benign tumours of bone arc uncom
mon in dogs and they are often of little clinical 
significance. except as differential d iagnoses for 
more aggressi \·e bone lesions. Some may occa
sionally undergo nulignant transformatio n. If 
treated. thcy h;l\'c a good prognosis foll owing 
complete excision. 

Primary malignant bone tumours 
Primary malignant bone tumours include 
osteosarcoma. chondrosarcoma. fibrosarcoma, 
haemangiosarcoma. liposarcoma, osteocbstoma 
(giant cell tumour), primar}' lymphosarcoma and 
plasma cell myelom:l. 

Osteosarcoma is by fa r thc most common 
primary malignant bone tumour o f dogs. 
Chondrosarcoma accounu for approxi mately 
10% of .:1 11 canine bone sarcomas and haem
angiosarcoma and fibrosarcoma betwccn them 
account for approximately 7% o f primary bone 
rumours in dogs (Goldschmid t and Thrall. 1985). 
The others arc rare. 

Primary malignant bone tumours of the appen
dicular skeleton most commonly present with 
pain, bone swelling and lameness. which is usually 
gradual in o nset but may have an acute presenta
tion. Most osteosarcomas and haem:mgiosar
comas are appendicular bUI chondrosarcomas are 
predominantly found in the :lxial 5kdeton. espe
cially thc ribs ;md nasal cavilY (Goldschmidt 
and Thrall, 1985). Rib-based chondrosarcomas 
may cause rclati\·cly few clinical problems, but 
intranasal chondrosarcomas often present with 
sneezing, nasal obstruction, dischJ.rge And epi
staxis. Approximately 60% of fibros.:1rcomas arc 
associated with the bones o f the skull and 
mandiblc ;md JO% widl the bones of the axial 
skeleton. 

All primary malignant bone tumours arc locally 
in\'asive, but not all metastasi7.e readily and this is 
important with regard to their prognosis. Most 
osteOS:lrcomas :lnd haemangiosareomas. particu
larly those of the appendicular skeleton, metasta
size rcadily to the lunl;s and o ther o rgans. 
Metastasis of chondrosarcomas and fibrosarco
mas is uncommon. Only 10% o f chondrosarco
mas me(.:1srasizc and fibrosarcomas will usually 
only do so if they arc 3.naplasric. 

R3.diography of a suspected prin13.ry malign3.nt 
bone tumour dcmo nstr3.tes corrical bone destruc
tion, poor margins between normal3.nd abnormal 
tissues and aClive periosteal bone proliferation 

(Fig. 44.9). These arc features of 3.n aggressive 
bonl' lesion 3.nd differential diagnoses include 
infection, lTauma, met3.physcal osteopathy and 
hypertrophic pulmonary ostcopathy. A definitive 
diagnosis can only be achie\'ed by bone biopsy. 
Thoracic and abdomin.:11 survey r3.diographs 
should be t3.ken to check for metastases in all cases 
with suspccted primary malignant bonc tumours. 
Skeletal survey radiographs may re\'eal further 
cliniC3.l1y undet{'cuble bone neoplasms in approx
imately 7% of dogs with confirmed primary 
malignant bonl' sar{'omas (LaRue ('t al., 1986). 
Bone sci ntigraphy may also be helpful in a search 
for occult ml' lastases (Berg ct III., 1990). 

The treat ment options avaibbll' for primary 
malignant bone tumours \'ary with the type of 
tumour, site of tumou r and suge o f the disease, 
paying particular regard to the presence of 
metastases. Treatment options include palliativc 
support (analgesia), radical excision, amputation, 

Figure 44.9 Cranial-caudal radiograph of the ante
brachium and carpus of a dog with a primary malignant 
bone tumour. In addition 10 soft tissue swelling there is 
extensive lysis of bone and aggreSSive periosteal new 
bone production in the radius and ulna. 
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Fillure 44.10 Medial·lateral radiograph of the radius and 
ulna 01 a dog wi lh metaphyseal osteopalhy. lrregularareas 
01 bone sclerosis and lysis are seen parallel to the growth 
plates in the distal metaphyses olthe radius and ulna. 

periosteal new bone is setn developing around the 
metaphysis (Riser. 19(4). 

Only palliative treatment is gi,·en. Non 
steroidal anti-infhmmatory drugs o r corticos
teroids used at anti-inflammatory doses can be 
adminiSIl:rcd during the acute phlse of the dis
ease. Overnutri tion is l ssoc;:ncd with I n increlsed 
risk of develo ping mellphysell ostcoplthy and 
norm:l. liz:u ion o f the diet should form pan o f the 
treJtmelll regime. Adjuncti\·e therapy includes 
flu id replacement. appetite Slimul:llion or fceding 
through a gastrostomy tube and cueru l avoidance 
of decubitus ulur formation in recumbent 
patlcnLS. 

The prognosis is dependent o n the severity of 
the illness and the frequency of relapse. but it is 
generall y good as relapse is uncommon ;and 
:tl mosl all :tffected dogs become ;asymplOmatic 
when they mature. Met:tphyse:d osteop:tthy may 
be complicated by limb deformity as a result o f 
either physeal bridging by hypertrophic new 
bone or relarded growth ;associ:ucd with impaired 

\';asculariz:ll ion of the de\·dopi ng endochondral 
cartilage. 

Cranlomandibular osteopathy (CMO) 

like metaphyseal osteopathy, C MO is a relapsing 
disease with onset usually between 2 and 4 months 
of ;age. West Highland white terriers, Cairn terri 
ers ;a nd Scottish terriers present m 051 commonly 
with CMO although it has ;a lso been repon ed in 
Labrador fttrievers, Gre:1I Danes, boxers and 
Doberm;anns (WaLSon, 1990). TIlC~ mOSt common 
presenting sign is jaw-pain accompanied by inabil
ity 10 open the mo uth :tnd intermiutnt fevtr. 
Acute episodes laSl for several days and relapses 
occur at intcrv:tls r.1nging from days to weeks. 

The mandibles and tympanic bullae arc the 
most commonly ;affected bones ;a lthough other 
boncs of thc calvarium ;and, rarely, limb bones 
may also be affected. The pathological changes 
lre chan.cterized by osteoclastic resorption of 
bone with an ;associated infl:tm matory infiltrate. 
Lamell:tr bone ;and bone m:trrow spaces aft 
repllced by coarse bone and fibrous stro ma. 
Thert is ~riosteal bone prolifen.tion. The ;aetiol 
ogy of CMO is unknown (Riser, 1966). 

C MO should be suspccted in young dogs with 
jaw pain :tnd fever. panicul;arly if the dog is of the 
Scottish terrier lype. Heat and swelling mly be 
palpated in the mandibles and the diagnosis can be 
confi rmed by the rad iographic demonstration of 
proliferative new bone on the m:lIldibles (Fig. 
44. 11 ). Although both mandibles arc usul lly 
:tffected. C MO may be seen localized to one 
mandible. 

Fillure 44.11 lateral radiograph of the skull of a West 
Highland white terrier with craniomandibular osteopathy. 
There is irregular new bone production in the area of 
the tympanic bullae and along the venlral aspect of the 
mandibles. 
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Treatment is pall iati\·e. Non-steroidal anti 
inflammatory drugs or corticosteroids arc used to 
control the painful episodes and relapses usually 
cease when the dog reaches approximately one 
year of age. There is often some residual impair
ment of jaw function, but this docs not usuall y 
interfere with no rm3l m:lStication. Thc prolifcra
tive new bone eventually remodels, but there 
is oftrn residual thickening o f the j3W. 
Uncommonly, dogs with uncontroll3ble pain, fre
quent relapses o r se\'erdy impaired jaw function 
m3y be euth3natized. 

Panost,ltIs 

Panosteilis is a sel f-limiting, recurrent dise3Se of 
the diaphyses and metaphyses o f long bones o f 
dogs. Immarure, large breeds of dog, particularly 
German shcphcrd dogs, are most commonly 
affected, hut panosteitis has been reported in 
breeds of all sizes and in :ldul! dogs (Lenehan ('I 

al., 1985). Affected dogs present with 3CUte onset 
lameness in one or mo re limbs, sometimes accom
panied by pyrexia, lethargy and inappetence. 
There is no history of trauma and the severity of 
lameness docs not fluclUate with exercise o r rest. 
There may be spontaneous recovery after a few 
days and rel:lpses occur at periods ranging fro m 
days to weeks. The lameness may shift from limb 
to limb du ring episodes and from one episode to 
the next. The severity and frequency of :Htacks 
reduce with age and most dogs are free of disease 
by o ne to tWO years o f age. Clinical examination is 
usually unremarkable except that pain can he 
elicited by firm palpation of affected long bones. 

The aetiology of panosteitis is unknown. 
Pathologically, there is episodic degeneration of 
medullary adipose tissue followed by stro mal 
pro liferation and endosteal and subperiosteal 
intramembranous bo ne proliferation. 

The diagnosis of panosteitis is usually confirmed 
radiographically. A patchy increase in medullary 
opacity, with or without well-defi ned horders, is 
the most common radiographic sign (Fig. 44.12). In 
some cases the endosteal new bone may be see" as 
cortical bone thickening 3nd there m3Y also be 
some periost~:l l new bon~ formation. In early 
C:lses there may be incrused r.td ioluce"cy o f the 
medulla. Occasionally, no radiogr.tphic 3hnormal
ilies will be seen. In such cases it is sometimes help
fu l to re-r.tdiograph after a period of two weeks. 

N o specific treatment is necessary. Sympto
m3tic control of painful episodes can b~ achieved 
with non-Steroidal ami-infl3mm:llory drugs. The 
prognosis is good. 
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Figure 44 .12 Medial-lateral radiograph 01 the elbow joint 
of an immature German shepherd dog with panosteitis. 
Patchy radiodensities are seen within the medullae of the 
proximal radius and ulna. 

• Mis.ellaneous bone diseases 

Hyperlrophlc pulmonary osteopathy 

Hypertrophic pulmonary osteopathy (HPO ) 
typically presents as warm, p3inful swelling of 
the extremiti~s of all four limbs. The swelling is 
3ssociated with characteristic periosteal new 
bone formation along the d i3phys~s and meta
physes of many long bones (Brodey, 1971). 
R3diogr3phically there is a varied appear.tnce to 
the new bo ne which may be spiculated, smooth, 
lamellar o r irregular (Fig. H. I3). Demo nstration 
of extensive periosteal new bone along the lo ng 
bones of all four limbs is usually sufficient to 
justify 3 d i3gnosis o f HPO. 

H PO occurs secondary to chronic thor3cic o r 
3bdominal pathology. Most com monl y the incit
ing factor is pu lmonary neopl3si3. Primary lung 
rumours and pulmonary met:lStases o f primary 
bone tumours seem to give rise to HPO more 
commonly than other tumour types. HPO 11as 
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spinal or articular exostoses in cats with a history 
of excessive \·ilamin A supplementation or a 
predominantly li\'er die!. If necessary. plasma 
\'itamin A (retinol) levels may be melsured 
(normll = 12- 100 ~ g dl-

'
). 

T reltment relics on dietary correction and mOSt 
mature cats will show significanl clinical improve· 
men! as a resul!. Immature cats surfer perm:t
nently retarded long bone growth. Some cats are 
d ifficult to wean off their liver diet. 

• Bone neoplasia 

Primary bone tumours arc uncommon in cats and 
their biologinl behaviour sometimes differs from 
that seen in dogs. The most common primary 
bone tumour of c:tts is osteoslrcoma. Most 
osteosarcomas of cats occur in the appendicular 
skeleton. but some l rise fro m the bones of the 
skull. pel\'is o r \'ertebr:te. The main presenting 
elinital sign is usually painful lameness and bone 
swelling. Radiographical ly, osteosarcoma appears 
as an 199ressi\'e, usu:llly lytic. bone lesion in cats. 
The diagnosis is confi rmed by bone biopsy. 
Metastasis of osteosarcoma OCturs less commonly 
in tats than in dogs and mean survival following 
r:ld ic:lI surgical excision o r amputation may be in 
excess of fou r years (Bitello et 11/., 1987). 

Parosteal ostrosartoma of tats is a slow-grow
ing tumour that arises from the OUler bone tortex. 
Metastasis is r:lrc and most cats present with bony 
swelling and/ or lameness. T he most commo n sires 
fo r parostl"al osteosarcoma arc the humerus, 
femu r, mandible and frontal bones. Compll"te 
excision is usually cunlli \'c. 

O stcochondromas may present in cats as soli· 
tary mlsses or as multiple cartilaginous exostoses. 
C linical signs l re usually only lssociated with dis
pllcement of adjacent structures by the enlarging 

mass. but the condition is important as a differen
tial diagnosis o f aggressi\'e bone tumou rs. 

Soft tissue tumours may invade bone or metas
tasize 10 bone in cats as in dogs. In plrticular, pri
mlry bronchial carcinoma of cats may metaslasize 
to the d igits. ScmI.' affected cats present with 
painfu l lameness and multiple digitll swelling 
before there :tre signs o f respiwory disease (May 
and Newsholme, 1989) (Fig. 44.16). 

Figure 44.16 Dorsal-palmar radiograph ollhe digits 01 a 
cat with metastasis of primary bronchial carcinoma to 
digit IV. There is loss 01 the claw, son tissue swelling, 
aggressive new bone production and bone lysis. 

I Joint Diseases I 

Jo int diseases ( :tn be classifit.-d on the basis o f 
the predominant rypl! of intra-art icular plthol
ogy (Table 44.5). Howe\'er, it should be 
remembered that few cases present with pure 
patholob'Y of one type o r another. Joint diseases 
of all types arc often accompanied by a degree 
of secondary dl"genenui\'e change (secondary 

ostl!Oarthrilis). Conversely, 'degenerative' joint 
diseases may have an inflammatory component. 
A full discussion of all joint disease is beyond 
the scope of this chapter and the rl!ader is 
referred to speci:tlist U'-Xts listed at Ihe end of 
this chapter for ma rc detailed information (sec 
Further Reading). 
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Tabll44.5 Classificatlon 01 synovlallolnl dIsease In dogs and 
oats 

TrumlU,lolnllllsllSl 

50"'" ContUSIOn 
ArtIcular lracture 
cartilage trauma 
Menlscal trauma 

OegenenU" joint dinln 
Conslltutionll 

Mucopo/ySaCCharldoses (Types lind VI III cats. Rare 
If! dogs) 

""u~ 
HypelVltaminOSls A (cats) 

NeuropathIC 
?Chronic diabetes mellItus (cats) 

Osteoaflhntis 
Primal)' 
Secondary 

Trauma 
Luxatlon/subluxatJon 
Developmental dlscfders 
InllammallKY )oint disease 

Inflammatory iolnt dlsaall 
InlecbOuS 

Bacterial (SUppUfiltJVe) 
SpirOChaetal (Lyme disease) ",,,,,, 

Protozoal 
.."."...",., 
Vi'" 

'Immune mediated' 

'''', .. 
Rheumatold·llk! altfmUs 
PoIyarthntls 01 greyhounds 
Feline progressIVe poIyarthntls 

Non·erOSlVe 
IdiOpathic poIyarthntls 
ReactNe arthrlUs 
MalJgnancy-assoclated arlhnus 
Emefopathic a!thntls 
Drug-associated arthnlls 
Systemic lupus erythematosus 
Polyarthfllis 01 Japanese Akltas 
Shar Pel 18'o'er 
Feline progrHs/ve potyarthfills 
Crysllli arthropathies 

Joint neoplasll 
Prl""~ 

Synovial sau:oma 

"'-~ Osteosarcoma 
Malignant hIStiocytosis (dogs) 
l ymphOsarcoma (ca.ls) 
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I JOINT OISEASES OF DOGS 

• Traumatic joint disease 

Repetitive trauma may contribute to the gr:ldu:l.1 
prograsion of many joint diseases. but the term 
traumatic joint disease refers to an :l.cute episode 
of anhritis induced by physica.l insuh. Sprain 
refers to injury of ligaments and should be dirfer
enti:l. ted from strain which refers to injuries of the 
muscle-tcndon unit. Sprain and strain injuries c:m 
be classified on thc basis of the severity of the 
injury. which m:l.y r:lnge from minimal tearing 
:l.nd associated haemorrhage and contusion. 
through to complele rupture. Acute synovitis 
invariably complicates traumatic arthrit is and 
there may be areas of haemorrhage, haemosiderin 
deposition and an infiltrate of acutc inflammatory 
cells into the synoyial m!::mbr:lne and associated 
joint capsule and ligaments. These changes may be 
refl ected in synoyial flu id analysis (fable 44.3). 
Traumatic arthritis can usuall y be diagnosed after 
physic:l. l and radiological examin:l. tion of a patient 
with a recent history of tr:luma. Radiological find
ings may range from minimal joint effusion 
through to obvious articular fractures. Tre:l.tment 
and prognosis is governed by the particubr prob
lems of individual cases. Mild cases may only 
require reSt, others may require am.lgesia. external 
support dressings or even surgical repair of liga
ment ruptures and fr:lctures . Severe or repealed 
episodes of traumatic joint disease may give riR to 
secondary osteoarthritis. 

• Degener,livejolnl disease 

Constitutional joint dise.1Se (mu!::opolysacchari· 
dosis) and dietary joint disease (hypervitaminosis 
A) arc covered und!::r bone disorders, Neuro
pathic arthritis is dealt with under joint diseas!::s of 
cats. 

Osl.oarthrilis 
Osteoarthritis (OA ) may be defined as an 
inherently non-inflammatory disord!::r of mov
able joints chancterized by deteriOr:ltion and 
abrasion of articular c:l.nilag!:: and by the forma
tion of new bone at the joint surf:l.ces and margins 
(Hough, 1993), It is nOI a distinct disease. but 
more :I. pallern of reaction 10 joint injury. 
Secondary OA is a term used to describe OA 
developing as a result of other recognizable joint 
disease, particularly when this le:ads to chronic 



The many different aetiologies o f OA are 
thought to convergc in a 'final common pathway' 
o f patho logy characterized by damage to the pro
teoglycan matrix. chondrocyte injury and d istur
bance of normal chondrocyte functions. Enzymes 
produced by the chondrocytes. and perhaps the 
synovial membrane, lead to increased breakdown 
of the carti lage proteoglycans matrix (Pelletier 
t'1 aI., 1983a. b; Martel-Pelletier f!( al., 1984). 
Somewhat paradoxically. the increased net loss of 
cartilage matrix is accompanied by chondrocyte 
proliferation and an increase in the synthesis o f 
matrix by the chondrocytes. Chondrocyte prolif
eration may resuh in local aggregations of cllOn
drocytes appearing at si tes o f cartilage damage. 
Breakdown products from the cartilage (so-called 
' wear particles') may be phagocytosed by syn
ovial membrane macrophages and this is thought 
10 bc one factor that initiates a chronic inflamma
tory synovitis in some OA joints. 

Treatment of O A is palliative and it is impo r
tant that owners of pets with O A full y unders tand 
that there is currently no cure. Thcrapeutic inter
vention is h\rgcly for rel ief of pain, to combat 
inflammation and, wherever possible, to minimize 
progression of the disease. The management of 
OA patients can be considered in three stages. 

1. Goal planning/lifestyle adjustment 
2. Pharmacological support 
J . Surgical treatmc.nt 

Goal pllnning/lilestyll adjustmenl 
Goal planning is important as the aims of treat
ment vary with individual patients and a blanket 
approach to the management of OA is too inflex
ible. Continual dosing with anti-inflammatory 
drugs is no substitute for good management of the 
lifesty le of dogs with OA and it is unfortun3.te 
that lifestyle adjustment is sometimes o verlooked 
by clinicians treating OA patientS. Most of the 
drugs curren!!y prescribed fo r OA do not bene
ficiall y alter the progression of the diseue and 
many drugs may actually hasten the demise o f the 
affected joints (Lees et ai. , 1991; Clark, 199 1). 
Moreover, for many 0 /\ patients the discomfo rt 
suffercd is often bo th intermittent and transient, 
rather than crippling and unrelenting. These 
factors mitigate against a heavy rel iance o n drug 
therapy or major surgical therapies and in favour 
of good lifestyle man3gernent in many cases. 

It is impomnt before embarking on any course 
of treatment for OA lO establish therapeutic goal s 
that are 3cceptable to the patient, the client and 
the clinician. The goals may vary depending on 
many factors including the major pro blem (stiff-
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ness after rest, pain, exercise intolerance), the type 
of dog (gundog, working dog, show dog. pet), the 
requirements of the owner, financial restraints, 
age of dog. size o f dog and intercurrent disease or 
drug ther3py that may interfere with the use of 
anti -inflammatory drugs. If adjustmcnt of a dog's 
lifestyle is to be made successfull y, it is imperative 
that OA and its m3.nagement are fully d iscussed 
with the o wner during a goal planning session 
and that the agreed goals and necessary lifestyle 
adjustments are recorded both fo r the clinician 
and the cliem. 

Nodog with clinical OA should be overweight. 
Weight reduction is perh3.ps the single most 
importam factor that will benefit many dogs with 
OA. Continual use of an osteoarthritic joint in a 
manner which is p3.inful is thought to accclerate 
the rate of cartilage degradation (Clark, 1991 ). 
The dog's exercise should therefore be restricted 
to 3void exercise-induced pain o r discomfort. 
That is not to say that dogs with OA should nOI 
be exercised. Re-gul3.r, controlled exercise helps to 
maintain muscle tone and ligament strength, both 
of which are beneficial to the joints. Rest may be 
imposed, with or without 3.nti-inflamm:uo ry 
therapy, during periods of acute pain associated 
with O A. At o ther times a fl-gime o f moder:\le 
exercise is advisable. In this context, moderate 
exercise may be defined as exercise within the 
cap3.bility of the patient that docs not induce pain, 
lameness or excessive articular gelling during o r 
follo wing the exercise period. The definition o f 
moderate requires th3t the level of acceptable 
exercise is esublished for each patient and is 
maimained under constant review. Most O A 
patients cope best with several short exercise 
periods each day rather than with one or two 
extended periods o f exercise. Every effort should 
be made to maintain an exercise routine th3.t docs 
not V3.ry significantly from day lO day. As the 
d ise3.se progresses it will usually be necessary to 
graduall y to reduce the permissible level o f daily 
exercise whilst taking care to maintain body 
weight at an optimum. Non-weightbearing exer
cise. such as swimming, rn3y be helpful in some 
cases, provided it is performed frequently and 
regularly. 

Pharmacological support 
Syno" ial membranes and periarticular soft tissues 
are often inflamed in OA. The infl3.mmation may 
be an impornnt source of pain and a target for 
symptomatic relief by the administration o f either 
non-steroidal anti-inflammatory drugs (NSAIDS) 
or steroids. Ho wever. it is importam to remember 
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Frllure 44.18 Cranial-caudal radiograph 01 the carpal 
joint of a dOli with bactenal infectIve arthntis. There is 
marked solt tissue swelllng and alloressive periarticular 
new bone proli feration. Erosion of bone is seen In the 
distal row of carpal bones and the proximal epiphyses of 
metacarpals II-IV. 

;ue no significant hacmatOlogical dl~nges. 
Dcfi ll itivc:: diagnosis rc::quirc:s isolation alld idemi
fic:uiQ n of the C:lUsauvc organism. Attempts to 
cuilUre the org.lIlism should be made from SY Il 

ovial flu id, syno\·ia] membrane. blood or urine 
before: an)' antibiotic therapy i$ ini ti~tcd. C\llture 
is ohen most successful from synovial membrane 
biops)' (Bennen and Taylor. 1988a), al though pre
incubating syno\'ial fluid in blood culture 
medium increa.ses the chances of succcss 
(Abercromb)" 1994). If needed. synovial mem
brane biopsies can someJimi"S be obtained .11 

surgc::ry to impl.lIlt intra-articular dTJins. 
Antibiotic sensitivities should be: obt.tined. 

Treatment is b)' prolonged antibiotic thcl':l.py 
gi\'cn systcmic;l.l1y and/or locally. Most ,mti-
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biotics wi ll penetrate the inflamed joim and 
systcmic administration of antibiotics is usually 
effecti\'e. A broad-spectrum, bactericidal anlibi
otic should be: givcn initially and should onl)' be: 
changcd if specifically indicated by bacteriological 
culture and sensitivity results. Cephalosporin 
derivatives or c1avulanate potentiated amoxycill in 
are su itable in many cases. Surgical drainage and 
lavage may be used to su pplement systemic 
antibiOlic ther:tpy in C2ses with particularly severe 
and r:tpidly progressive joint disea.se. Drainage 
may be by ncedle aspir:ttion or, more commonly, 
by the usc:: of surgical drains which are left in place 
for three to fi\,c days. Adjunctive treatment 
includes protecting the joint by bandaging, 
analgesia, daily flushing of the drains with sterile 
saline and good nursing c:tre. Most cases require 
an Elizabethan coll:tr to prevent interference with 
the drains. The technique of distension irrigation 
is beneficial in some cases, p;micularl y when there 
is excessive suppuration. Distension irrigation is 
perfonncd by infusi ng fluid into the joint whilst 
pre"enting outflow through the drains. The joint 
is left in distension for a few minutes before 
releasing the outflow. This technique requires 
good patient co-opel':l.tion as it produces some 
discomfort, but it is a valuable way of c1caring 
inflammatory debris and limiting the fo rmation of 
adhcsions. Antibiotic impregnated polymethyl
mcthacrylate beads may also be useful in the man
agemem of joint infections, particularly when the 
causati"e agent shows multiple antibiotic resis
t;tnee (Brown and Bennett. 1989). Antibiotic 
treatment should be continued for a minimum of 
twO weeks after the signs of infection have sub
sidcd. Rcst is important during the initial phases 
of treatment, but gentle exercise and passive 
motion help to limit adhesions during the recov
ery pha.se. In a small number of cases, BIA may 
be superseded b)' sterile inflammation a.ssociated 
with persiSlence of bacterial antigens and/or 
immune complexes. Such cases respond to anti
in fl ammator}' ther:tpy with corticosteroids, but it 
is essemial that the joint is sterilc before these arc 
administered (Bellllen and Taylor, 1988a). 

Osteoarthritis is an almost inevi table seq uel to 
joint infection and in some C2Ses it progresses 
rapid ly. Consequently, the prognosis fo r return 
of normal joint function is poor. Cases of 
bacterial endocarditis carry a particularl y poor 
prognosis and they may be complicated by an 
immune-mediated ;l.rthropathy. Many cases of 
bacterial endocarditis succumb to severe systemic 
illness which shows a poor response to therapy 
(Bennett and Taylor, 1988b). 
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Dlseospondylltls 
B:u,:teri:a may lodge in the intervertebr:al disc 
spaces and gi \'e rise to discospondylitis. Most 
c:ases are reported in young, large breeds of 
dog present ing with spinal pain and stiffness 
or hindlimb bmeness {Denny er "I., 1 982}. 
Neurological deficits occur in some cases. Pain 
can often be localizl-d to the afftt ted area of the 
spine and some cases show signs of systemic ill
ness. Staphylococci and coli forms are the most 
common organisms isolated from discospondyl 
itis lesions. Initial infection is presumably by the 
haematogenous route and locallrauma may playa 
role in predisposing individual disc spaces to 
bacterial lodgemenl. Urinary Iraci infections have 
been implicated in the p:l.lhogenesis of disco
spondylitis, but this finding is controversial and 
some authors suggest that the co-existence of 
urinary mct infect ion is coincidental in affected 
dogs n 'urnwald ct al. . 1986). 

111e elrliest radiographic find ing in disco
spondylitis is widening of the affected interverte
bral disc SPlCC'. Later there is destruction of the 
vertebral body endp1.lIes on either side of the disc 
space. The resulting irregu\;J.r lytic area is sur
rounded by sclerotic bone and periosteal new 
bone prolifention (Fig. 44.19). If necessary, the 
diagnosis can be confirmed by bacterial culture of 
material curened from the affttted disc space. 
Antibiotic sensitivities should be obtained. 

If diagnosed promptly, most cases respond 
(0 systemic .mtibiotic thenpy for 6--8 wC'eks, 
reSt and supportive anti-inflammatory therapy 

Figure 44.19 laleral radiograph 01 a dog wilh advanced 
discospondylilis. There is collapse of the disc space, 
destruction of the adiacent vertebral body endplales and 
aggressive new bone proliferalion. 

(Gilmore, 1987). Other cases require curettage 
and debridemen! of tilt· affttted are:a to remove 
necrotic tissue in :addition to systemic antibiotic 
therapy. Emergency spinal decompressive 
surgery is indicated in those animals with neuro
logical deficits associated with compression of the 
spinal cord by the expansile lesion. Spinal decom
pression mOlY be combined with vertebral body 
fusion to incrcase vcrtebral stability (McKee n al., 
1990). Prognosis is dependen! on the severity of 
presenting signs. Dogs with mild disease, treated 
promptly, have a good prognosis, but those with 
sev~re neurological deficits warrant a poor prog
nOSIs. 

Lyme disease 
Lyme disease is a multisystemic inflammatory 
disorder caused by infe'tion with the tick-borne 
spirochaete Borrelia bllrgdorfen' (Steere, 1989; 
Appel, 1990). Ixodes rionus is probably the main 
vccmr of B. burgdorferi in the UK. 

Many different syndromes have been associated 
with B. burgdorfcri infection. including dermato
logical, neurological. cardioiogicli and rheumato
logical diseases. There is no conclusive evidence 
that significant dermatological disease occurs in 
dogs with Lyme disease and there is little defini
tive work on cardiological or neurological mani
festations of the disease in small animals. Most 
dogs with Lyme disease have lameness associated 
with inflammatory synovitis which is commonly 
monoartieular or paucianicular. True poly:uthri
tis is rare (Kornblatt ('1 al., 1985; May ct al., 1990). 
Join! signs nornllily commence some weeks or 
months after exposure to Ixodes rieil/US and they 
may be accompanied by mild signs of systemic ill
ness, including pyrexia and low-grade, loc:aliz.ed, 
lymphadenopathy. The lameness often spont'a
neously resolves after a few days, but repeated 
relapses may oc,ur. Some dogs ha\'e a history of 
non-speci fi c pyrexic illness soon after tick
exposure. 

The synovit is in Lym(' disease is associated 
with the presence of B. b"rgdorfcri in joint tis
sues, but the degree of inflammation is out of pro
portion to the number of organisms present and it 
is thought that host immune-responses also con
tribute 10 the pathogenesis of disease. B. burgdor
feri can persist for monlhs or years in its host and 
umreated individuals may develop , hronic disease 
which could be confused with the idiop:nhic 
inflammamry joint disorders. A small number of 
dogs with Lyme dise;!.se m3)' develop an aggres
sive join! disease similar 10 rheumatoid arthritis. 

A diagnosis of Lyme di Sl~:ase is difficult to con-
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firm. Most affected dogs have non-erosive inflam
matory joint disease and the o nly visible radio
graphic chang~ include moderate periarticular 
and intra-articular soft tissue swelling. Synovial 
fluid analysis is similar to that of the non-infective 
inflammatory arthritides. The following criteria 
have been suggested for the diagnosis of Lyme 
disc.5e in dogs (Bennett I!t aI., 1992): 

I. A history of potential exposure ro B. burgdor
Jeri; 

2. Seasonal incidence; most cues of Lyme disc:l.se 
in the USA arc :lssoci:ued with times of peak 
activity of ixodid nymph (spring) or adult 
(autumn) St2ges; 

3. Appropriate clinical signs; these include fever, 
malaise, lethargy, inappetence, lymphadeno
pathy, lameness, myocarditis (heart block), 
neurological signs and possibly glomerulo
nephritis; 

4. Laboratory and radiological support for the 
diagnosis; for example, in the case of arthro
pathy, there may be an associated articular 
effusion and aspirated synovial fluid will be 
characteristic of an inflammatory arthropathy; 

5. A positive serological test for B. burgdorferi; 
some asymptomatic animals may be positive 
for anti-Borrelia antibodies (May er aL, 1991 ); 

6. Response to antibiotic thcl';1.py; 
7. Identification of 8. burgdorJeri in blood, urine, 

synovi:\l fluid, CSF or tissues; 
8. Culture of B. burgdor/eri from blood, urine, 

synovial fluid, CSF, or tissucs; 
9. Exclusion of other possible causes of similar 

clinical signs; for example, canine rheumatoid 
arthritis and systemic lupus erythematosus 
should be considered and excluded as differen 
tial diagnoses for Lymc diseue. 

A diagnosis of Lyme disease in dogs should sat
isfy criteria I, 3, 4, 5 and 9. C ritcrion 6 should be 
subsequently satisfied in most cues. Ideally, crite
ria 7 and 8 should also be satisfied, but this may be 
impractical as B. burgdorferi is often presem in 
low numbers in Lyme disease patients and the 
organism i.& notoriously difficult to culture. 

Most cases of Lyme arthrit is in dogs respond to 
antibiotic Ihel';1.py. particularly if they afe diag
nosed and treated promptly. A response to antibi
otics should be seen within seven days of the start 
of treatment. but it is adV"isabk to cominue antibi
otic therapy for at least two wttks after complcte 
clinic:..1 recovery. Oxytetracycline is commonly 
recommended for the treatment of B. bltrgdor{en' 
infections on the basis of ill vitro sensitivi ty 
results. However, B. bu.,gdorferi is capable of 
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evading immune rcsponses and it may be 
more advisable to usc a bactericidal antibiotic. 
Ampicillin is effective i" v",o. 

Other Infective arthritides 
Canine tuberculosis is now exceedingly nrc in the 
UK but is important becaus~ affected animals arc 
an obvious public health risk. Arthritis is a (eature 
o( some Mycobacterium tuberculosis inf«tions. 

Mycoplasma sp« ies have occasionally been iso
lated from the joints of dogs Wilh infl ammatory 
arthropathies. but their significance remai ns 
unclear (Bennett. 1990). 

No cases of fungal arthritis in the dog have yet 
been reported in the UK. Outside the UK fungal 
arthritis is uncommon and has a restricted geo
graphical distribution. Most often fungal arthritis 
is an extension of fungal ostcomyelitis. but pri
mary funga l synovitis may occur in some cases. 
The organisms most frequently implicated in fun
gal arthritis arc Coccidioides sp., Blastomyces sp. 
and Cryptococcus sp. Multiple discospondylitis is 
one presenting feature in dogs with enl';1.nasal 
forms of aspergillosis (Neer, 1988). The German 
shepherd dog is over-represented for this condi
lion, possibly as a consequence of defective IgA 
production (Day and Penh:..le, 1988). Common 
clinical features include weight loss, anorexia. 
fever, depression. back pain. weakness, paresis or 
paralysis. Infection is often due 10 Asp/!rgil/us ter
r/!lts and it is importam to notc that serodi:..gnostic 
tests for A. filmigatus (the most common nasal 
form of aspergillosis) will be negative in a(f«ted 
dogs. 

Leishmania donovani is a protozoan pansite 
which may cause shifting lamencss or polyarthri· 
tis and systemic illness in dogs (Yamaguchi et al., 
1983; May, 1989). Leishmaniasis is endemic in 
eerlain countries including the Mediterranean 
basin and South America. The disease has a long 
latent period and some dogs imported into the 
UK may remain asymptomatic throughout their 
quarantine period. Lcishmaniasis is important as a 
potentially serious zoonosis. 

Specific viral infections of joints arc unknown 
in dogs but arthralgia is a complicating fea ture of 
some systemic viral infections. Some dogs suffer a 
tl';1.nsic:nt inflammatory polyarthritis as a sequel to 
vaccination, particularly with live virus vaccines, 
but it is not known which component of the vac
cine is the phlogistic agent (Pedersen et ai., 1989). 
The inflammation of canine rheumatoid arthritis 
has been associated with a persistent immune 
response to can ine distemper viral antigens (Bell 
et al., 1991). 
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Immun8-mlldiBted 

The u:rm 'immunc-lll~i;lIcd ' joint disc;lSC (IJO) 
encompasses sc\'cr.tl infhm matOry syndromes 
char:lctcrizcd by chronic synoyi;!1 inflammation 
(fable 44.5). Excessive or persistent immune
responscs andlor ;autoimmunity contribute to the 
pathogenesis of these syndromes. The patho logy 
of canine IJO may be exp\:ainro by chronic 
immune responses to ;I. pcrsislcm int r.t-articular 
amigen or :tntigcns. Some IJD syndromes arc 
:lSsocialcd with known causes, such ;I.S adverse 
drug rClctions. bUi most cases arc id iop:lIhic. It is 
a common hypothesis that some of the IJO 5)' n 

dromcs wilh hitherto unknown aetiologies arc 
associated with persistent microbial infttt ion 
(Zvaiflcr, 1989). Furthermore, it is clear in 
humans that genetically dClcnnim.'<i (aclOrs, 
pan icularly m:ljor hislocomp:ltibility complex 
(MH C) antigens, pred ispose individuals to partie· 
ular ty pes of IJ O (Amen, 1989). Little is known 
about canine MH C in this regard, but it is possi· 
ble that cani ne IJO results from exposure of a 
genetically susceptible individual to an infcctious 
agent o r agents which may be ubiquilOus in the 
canine population. The pr~isc clinical presenta
tion may vary. not with the aetiology, bUi with 
the panicular genetic susceptibility of the indi\'id
ual. Thus. it is wrong to presume that the cluS(ers 
of clinical signs r~ognized as IJO with differing 
prognoses arc in fact different discasc enti ties. 
Canine idiopathic 1j0 should only be regarded as 
syndromes until their aetiologies become clear. 
Diagnostic criteria based on clin ic~l and paraelin
ical findings help to standardize the diagnosis of 
these syndromes. 

Canine meumatoid arthritis 
Canine rheumatoid arth ri tis (CRA ) typically 
presents wi th l:unenes5 and jo int stiffn ess which 
is often wone after prolongl-d periods of inac
ti\' ity. C RA affccts both sexes ;1I1d many breeds 
o f dog, p:micularly in middle age (Bennett, 
1987a). Affected dogs arc usually lame and 
often reluctant to mo\·e. They may show signs 
of systemic illness including pyrexia. inappe
tence, respi ratory dise;ue. gutrointestinal disor
ders and conju ncti\·;ti! (H .. lIiwell ~t If/. , 1972: 
Schiefer ~t al .• 1974; Bennett. 1987 .. ). The lame
ness is always progrcssive, sometimes with 
pcriD<h of reminion interspersed with relapscs. 
In some cascs there is marked muscle atrophy, 
but the most prominent changes arc always secn 
in the joints. Several jointS may be discased at 
anyone time and the joint disease frequently 
has a bilaterally symmetric.d distribution. Any 

joint may be in\'oh,cd in e RA but th~ joints of 
th~ d isul linlb ar~ nlost commonly affected. 
The aH~tcd joints show signs typical o f inflam
mation including he;lt. soft tissue swelling and 
pain. Insubilit), rna)' result from lig;lmenl rup· 
ture secondary to the inflammation :and there 
may be crepitus. In chronic uscs theft is often 
se\'ere joint deformity associated with the \oss 
of perianicular soft t issue suppon :and erosion 
of canilage and subchondral bone. Gr:anulation 
tissue (pannus) de\·e!ops in some cases within 
the joint and invades both over and under the 
anicubr can-ilage. The development of pannus 
is associated with particularly severe erosi\'e 
diseue (Bennen . 19S7b). 

The comlllo nl), used cri teria for diagnosing 
C R.A arc deri\'ed from criteria designed for the 
diagnosis of rheumatoid anhritis in humans 
(Ropes et al., 1959; Bennett, 1987a): 

I. Stiffness after rest; 
2, Pain or tenderncss in at least one joint; 
J. ~ft tissue swelling o r effusion in at least one 

J0lnf; 

4. Swelling of at least o ne o ther joint within) 
mOnlhs; 

5. S),mmelriul joint swell ing; 
6. Suocut'aneous nodules over bony promi

nences, extensor surfaces or in juxt2-uticular 
• rc-glo ns; 

7. Oestrucli\'e r:adiographic changes typical o f 
rheum;l. toid arthritis; . 

8. Positive laboratory test for serum rheumatoid 
factor; 

9. Appropria te cytological abnormalities in 
synovial fl uid and poor mucin precipitate 
from synovial fl uill; 

10. Characteristic histopatho logi~ 1 changes in 
the synovial membrane with three o r more of 
the following: nl:lTked \'illous hypenrophy, 
prolifet:l t io n of superficial s)'no\'i:ll cells, 
marked infiltration o f chro nic inflam matory 
cells (lymphocytes and plasma cells predom i
nating) with a tendency to form ' lymphoid 
nodules', deposition of fibrin and foci of cell 
necrosIs; 

11 . Characteristic his topathological changes in 
subcutaneous nodules showi ng granu loma
touS foc i with central zones of cell necrosis 
surrounded by prolife rated fixed cells, 
peripheral fibrosis and a chro nic inflamma
tory cell infiltration. predominantly peri
vascular. 

Classical C RA is diagnosed when seven criteria 
arc u tisfied and definjt(' CRA when five are u tis-



Canine systemic lupus erythematosus 
In humans, systemic lupus erythematosus (SLE) 
is an idiopathic, mulrisys temic inflammatory dis
order characterized by the presence of multiplc 
autoantibodies that panicipate in immuno
logio.lIy mediated tissue injury (Rothfield, 1989). 
Autoantibodies against nuclear antigen.s (anti 
nucle,lr :mtibodies, ANA) arc a consistent finding 
in patients with SLE (Friou. 1967). 

Canine SLE is also a multisystemic disease 
but its diagnosis is controversi:ll. Some workers 
diagnose canine SLE on the basis of multisys
temic involvement, even if the patient is 
seronegativc for ANA (Werner and Hailiwell, 
1984). Others insist th:lt C:lnine SLE shou ld 
only be diagnosed if circulating ANA arc pre
sent (Bennett , 1987c). 

SLE in dogs presems with a bewildering r.mge 
of clinical signs and symptoms dcpcndent o n the 
o rgan systems invo lved. It has bcen associatcd 
with non-erosive polyarthritis, autoimmune 
haemolytic anaemia (AIHA), thrombocytopenia, 
leucopenia. glomerulonephritis, mucocutaneous 
ulcer3tion. skin lesions (alopecia, erythema, cruSt
ing), polymyositis, neurological d isorders (behav
ioural ch:mges, seizures. :uaxia). gastrointestinal 
disease (vomiting, diarrhoea. abdominal pain). 
polydypsia. tachypnoea. pyrexi:l, Icth:lrgy :lnd 
in:lppetencc. Pyrcxia. pol Y:l rthritis. protcinuria 
:lnd blood dyscr:lsi.u :lrc the most commo n 
clinicopathological fi ndings. 

Criteri:l b:lve bcen developed to simplify the 
di:lgnosis of SLE in dogs. Several d ifferent sets of 
criteria have been reported in the literaturc, but all 
:lim to dcmonstr3te multisystem involvemcnt and 
:In :lutoimmunc response (Werner and Halliwell, 
1984; Bennett, 1987e). Bennett (1 987c) recom
mends the following criteria. 

1. Evidence of involvement of more than one body 
system. It is unl ikely that anyone patient will 
show evidence of involvement of more than twO 
or three ot1;:ln systems:lt anyone time. 

2. Serum ANA detectablc at a significan tly high 
titre. A titre of greater th:ln 1: 16 is usually con
sidered positive, but there may be variation 
between individual laboratories. 

3. Immunopathologic:l1 fe:l lUres consistent with 
the clinical findin gs. For example. if AIHA, 
thrombocytopcnia o r Icucopenia are present, 
antibodies sho uld be sho wn against red blood 
celis, platelets o r white blood cells, respec
tively. 

C riteria 1 :lnd 2 must always be S:l tisfied (probable 
canine SLE). If all thrCf: are satisfied, definiu 
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canine SLE may be d iagnosed . 
Joint abnormalities may not be identified r3di

ographic:llly in all cases. Jo int abnormalities which 
arc demonstrable radiogr3phically ineludc soft tis
sue swelling associated with synovial membranc 
prolifcration or synovi:l l fluid effusion and, uncom
monly, periarticular bone proliferation. Destructive 
change in thc joints is not a feature of SLE. 

H acmatology and serum biochemistry pro
files are hel pful in detcrmining which organ sys
tems arc involved in SLE, but further :lSS:lys are 
needed to confi rm the d iagnosis. Blood from 
dogs with suspected SLE should be tested for 
autoagglutination of crythrocytcs. Those not 
showing autoagglutination shou ld undergo a 
tCSt for immunoglobulins attached to erythro
cytes (Coombs' tcst) at 37"C :lnd .Joe (Bennett, 
1980). Bennett (1987c) fo und five of 13 dogs 
with SLE had anaemia; all five were eidler 
Coombs' positive o r showed autoagglutination. 
Simil:lrly, Wcrner and Halliwell ( 1984) main
tain that the anaemia associated with SLE in 
dogs should :llways be Coombs' posit i\'c. 
Convene!y. in humans. although mild anaemia 
is common in SLE patients, less than 5% suffer 
haemolytic, Coombs' positive anaemia 
(Huskisson and Hart, 1987). Antinuelc:l.r anti
bodies in dog seru m may be :lSs:l.ycd by :lny of 
sevcral mcthods, but some commonly used tests 
arc unreliable and may give rise to f:llse neg:ati,'c 
o r false positive results. An indirect immuno
fluorescence :l.SS:lY, using rat liver :lS a substrate 
:lnd a Auorescein-conjugated :lnti -dog 19G 
reagent. is rcported to be the most reliable 
method (Bcnnctt and Kirkham, 1987). The LE 
cell test is :l me:lsure of polymorphonuclear 
phagocyte engulfment of nuclear material 
CO:l ted with antinuclear antibodies. The LE phc
nomenon, performed in vitro, may also be used 
as an ;;!S$ay of ANA in the diagnosis of SLE. 
Somc dogs with SLE m:ly be seropositivc fo r 
RF at low titres (Bcnnett. 1987c). 

The prognosis for SLE is gu;uded; there is no 
cure and most animals require lifelong therapy. 
Tre:l. lnlent is with immunosuppressive therapy 
using prednisolone :llone o r in combi natio n 
with cyclophosphamide or 2uthioprine (fable 
44.7 :lnd sec c:lninc rheu matoid arthritis). 

Canine idiopathic polyarthritis 
Gmtne idiopathic polyanhritis (el r ) is a descrip
tive term fo r c.ues of IJ D of dogs that cannot 
be classified into more clearly dcfin~-d groups 
(rcdcrsen et al., 1976b; Bennett, 1987d). Affected 
animals are usually young :adults presenting with 
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pyrexia, let hargy and inappetence as well as lame
ness due to inflammation in multiple joints. 
Additional body systems may be involved, giving a 
v3.riety of clinic;l.l signs. including lymphadenopa
thy, splenomcgal y, ornl haemorrhages, retinal haem
orrhage and hyperreflexia, polydipsia, proteinuria, 
neurological disease and muscle atrophy. Dogs with 
CIP arc seronegative for ANA and RF. 

Synovitis in dogs with c lr is thought to ;!.risc, 
in part, from the chronic pcri\';!.scub.r deposition 
of immune-complexes in the synovial membrane 
su pporting layer. The ;!.migen-;!.ncibody com
plexes activate complement componenrs which 
act as inflammatory mediators. Immune-complex 
formation is a normal part of the immune
response to non-self (, foreign') ;!.ntigens. 
However, in some cases, immune-complexes may 
be formed persistently and at levels which cannot 
adequately be cleared. The immune-complexes 
localize to certain tissues, including the joints, 
either because they arc formed locall y, or because 
they arc carried to the tissues via the circulation 
after forming elsewhere in the body. 

The underlying pathology remains obscure 
in approximately 50% of CI P cases (Bennett, 
1987d). However, some cases arc not truly 
idiopathic. Episodes of polyarthritis arc often 
associated with a recelll history of other illness, 
commonly gastroenteritis, but occasionally uro
genil;!.1 infection, respi ratory tract infection. skin 
infection or abscessation.ln humans, polyarthritis 
associated with infection occu rs commonly in 
males who carry a particular MHC antigen (called 
HLA -B27). Individuals with this genotype, who 
arc exposed to certain infections arc at greater risk 
of developing polyanhritis ;tS a complication 
(Calin and Fries, 1976). Cenain gastroenteric and 
urogenital infections are particularly import:lnt in 
the aetiology of this form of anhritis, notably 
those caused by CMmnydia spp., Salmollella spp., 
Yersinia spp., Shigella spp., Campy/abaeter spp. 
and Ureaplasma spp. (Ford. 1989). No microbes 
h:lVe been definitivel y associatcd with canine or 
fcline idiop;tthic poly;trthritides, but it is possible 
that e lP of dogs (3.nd cats), associ;tted with infec
tion elsewhere in the body, has a similar patho
genesis to human I-IlA-B27-associated disease. 

Inflammatory synovitis ;tSsociatl-od wilh infec 
tion and HLA -B27 is called reactive arthri tis or, if 
there is a triad of clinical signs which includes urc
thritis. conjunctivitis and polyanhritis. the term 
Reiter's syndrome may be substitUted for reactive 
arthritis (Huskisson and Han, 1987). Reiter's 
syndrome has been USl-d in tbe velcrin;try litera
ture to describe periosteal proliferative poly-

anhritis of cats. but this usage may be incorrect 
and should be discou raged. 

Polyanhritis may also be seen as a complication 
of neoplasia and il is probable that in these cases 
the tUmour aclS as a chronic sou rce of self-anti
gens which arc so altered as to break tolerance and 
result in persistent immune-complex formation. 
Rarely, polyanhritis may accompany chronic 
bowel disease, sudl as histiocytic colitis. Very 
linle is known about this syndrome, but it may be 
an analogue of cnteropathic arthritis in humans 
(Huskisson and Han, 1987). 

Radiographically, the joints of dogs with CIP 
show changes similar to those seen in SlE. There 
is early joint effusion and an increased joint space 
may be apparent. Later, secondary degenerative 
changes and periarticular bone proliferation arc 
seen. In some cases there is calcification of peri
anicular soh tissues. Subchondral bone erosions. 
as seen in (;tnine rheumatoid arthritis, arc not a 
fc;ttureofCIP. 

Most laboratory tests arc directed tow;trds 
excluding diagnoses of canine rheumatoid arthri
tis and systemic lupus ef),thernatosus. Synovial 
fluid analyses are consistent with all forms of 
immune mediated joint disease (Table 44 .J). 

Treatment of CIP is aimed at the inciting 
pathology if this can be recognized. If the primary 
pathology is successfully treated. the polyarthritis 
will often resolve. It is sometimes necessary to 
supplement treatment of the primary disease with 
immunosuppressive doses of prednisolone ( fable 
44.7) to control the synovitis. Prednisolone is the 
Illlinstay of treatment in thosc cases in which no 
underlying pathology can be recognized. 
~hny dogs with C lr respond well to pred

nisolone thernpy and in some cases the drug can 
eventually be completely withdrawn. Some dogs 
require lifelong therapy; in these cases the drug 
should be given at the minimal effective dose 
(usually evcry olher day). A small number of 
cases require combination therapy with pred
nisolone and cyclophosphamide or azathioprine 
(fable 44 .7 and sec can ine rheumatoid anhritis). 
Canine idiopathic polyarthritis is usually more 
readily controlled than either canine rheumatoid 
arthritis (CRA) or systemic lupus erythematosus 
(SLE). If a case of CIP is difficul t to control with 
JUSt prednisolone, the diagnosis should be 
reviewcd; C RA, SlE, bacterial endoc:lrditis, 
underlying infections, malignancy, gastro
intestinal disease, Lyme dise:lse and infectious 
arthritides (bacterial. fungal, viral, m)'coplasmal, 
rickettsial and protozoal) should all be considered 
as differential diagnoses. 
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I INTRODUCTION 

Blood consists of cellul.ar elements derived from 
the bone marrow and plasma which contai ns var
ious proteins and electrolytes as well as nutrients 
and metabolites. This chapter considers disorders 
which aH«t the cellular components of the blood, 
the bone marrow and those plasma proteins 
which are involved in haemostasis. 

• Normal haematopoiesis 

In the fcrus, hacmatopo ie:!is tll ke:s pillee: ini tillily 
in the yolks;ac, llnd b ter in the liver ;and spleen. 
The bone mllrrow b«omes the principlll site of 
haematopoiesis during the last third of preg
nllncy and remllins ;as the mll jor si te in the 
healthy animal. All blood cells arc derived from 
pluripotent;al (or totipotent) haematopoietic 
stem cells (HSC). These cells, present in only 
small numbers, are capable of self-prolifcr:ltion 
and the generation of both lymphoid and non
lymphoid progenitor cells (Fig. 45.1). In f.l i tro 
studies of bone m;arrow-derived cultures have 
identified pllrtially committed progenitor cells 
known as colony forming units (CFU), which 
llre further classified according to th e: cell 
lineagc(s) to which they give rise. The non-

Bone marrow neoplasia 790 
Disorders 01 haemostasis 796 

SPECIFIC CONDITIONS IN THE CAT 805 
Anaemias 805 
leucocyte abnormalities 807 
Bone marrow neoplasia 807 
Disorders of haemostasis 809 
Blood transfus ion in the dog and cat 811 

ly mphoid , multipou::m stcm cell (termed CFU
GEMM) produces erythroid progenitors, 
granulocyte-macrophage progenitors (CFU
GM) (from which granulocyte (CFU -G) and 
macrophage/monocyte (CFU-M) progenitors 
are derived), eosinophil (CFU-Eo) progenitors, 
basophil progenitors (CFU-Bas) and megakary
ocyte progenitors (CFU-Meg). These commit
ted stem cells are capable of both regeneration 
and differentiation under the influence of 
v;a rious groW1h factors produced by activated 
lymphocytu and macrophages, including 
imerleukins, colony stimulating factors (e.g. 
granulocyte/ macrophage colony stimulating 
factor (GM-CSF) and granulocyte colony 
stimulating factor (G-CSF», erythropoietin and 
thrombopoietin. The erythroid precursors form 
blast forming units (BFU- E) whose progeny are 
C FU -E. CFU cells of all lineagu give rise to 
blm cells which further differentiate through 
various immature suges to produce the mature 
blood cells released into the circulation. 

Haematopoiesis takes pillce in the m;l.rrow, 
but outside the v:ucubr channels, in a stroma 
of fibroblasts, fat-cells, endothelial cells and 
macrophages. This microenviro nment is vital to 
the maintenance o f the stem cell popubtion and 
to normal proliferation and d iffcrentiation o f 
precursor cells. 
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Figure 45.1 Slmplil ied schematic representation of haematopoiesis 

• Erythrocyte. 

frythropo/ •• /. 

The proerythrobl:m is the earliest cell o f the red 
cell series which C;1n be recognized . Division is 
followed by m:uur:uion through three stages of 
normoblut, at which stage the nucleus is extruded 
10 form a reticulocyte. This process ukes aboul 
five days. After a funher 2-3 days reticulocytes 
are relus«i imo the circulation where it ukes 24 h 
to become fully functional red celk Under nor
mal circumstances the r.ue of production of red 
cells is sufficient to compensate for the remO\'al of 
erythrocytes at the end of their life span by the 
monocyte-phagocyte system (1I.1PS). Erythro· 
poietin is the main humon.1 medi;l.tor influencing 
the production of red cells and their release into 
the circulation. Erythropoietin is produced by the 
kidney with ;I. sm;l.ll conu ibution from the liver 
and its rate of synthesis is enhanced by reduced 
tissue oxygen tension. This results in increased 
production of committed stem cells, accelerated 
differentiation and earlier rdease of reticulocytcs 
and even late no rmoblasts imo the cireul ;l. tion. 
Matur.nion can be reduced from five to seven 
days down to three to four days. Erythropoietin 
has also been shown to influence the proliferation 
of fibroblaSlS in the marrow Stroma (Giger, 1992)_ 

Erythrocyte function 

Erythrocytes are biconcave spheres with a fl exible 
cell membrane, containing haemoglobin, and their 
function is to deli"er oxygen to peripheul t issues. 
Canine red cells are 7 pm in diameter and have a 
circulating lifespan of 100-120 days. Feline cry· 
throcytes are smaller, mean 5.7 pm diameter, with 

a less obvious area of central pallor. T hey have a 
shorter lifespan ranging between 50 and 80 days. 
Normal cats may have refractile Heinz bodies 
(denatured haemoglo bin) in up to 10% of 
erythrocytes and Howell-Jolly bodies (nuclear 
chromatin remnants) in about 1 % of cells. 

Erythrocyte ,ntlgens 

Eight different red cell antigens h:;lve been 
described in the dog, designated DEA (dog 
erythrocyte antigen) I to 8, with {WO subtypes 
DEAl.I and DEAI.2 occurring (Dodds, 1985). 
The populnion incidence is shown in Table 45.1. 
More recently a third subtype of the DEAl group 
has been recognized which can induce an immune 
response 10 the other subtypes (Symons and Bell, 
199 1). Naturally occurring isoantibodies have 
b«n identified in about 15% of dogs against 
blood groups DEA3, 4. 5 and 7; 40-50% of dogs 
are positive for D EA l and DEA7 which are gen
erally regarded as the twO most important blood 
group antigens in terms of incompatible blood 
transfusion reactions. DEA I antigens arc the most 
potent stimulators o f isoantibody production. 
Fortunately, dogs have no naturally occurri ng 
isoantibodies against the DEA I blood group anti · 
gens, therefore acute Ir.msfusion reactio ns are rare 
following a first blood transfusion. Acute transfu
sion reactions characterized by rapid destruction 
of transfused red cells will occur. however, if a 
DEA I-negative dog, transfused with DEA I-posi
tive blood, is subsequently transfused with the 
same mismatched blood . DEA7 (also referred to 
as Tr antigen) is not a true erythrocyte antigen 
and is adsorbed onto the erythrocytes from 
plasma (Smith, 1991 ). Dogs which are DEA7 

ad vo 



Table 45.1 Population incidence of canine blood groups 
In dogs In the United Slates 

llood ,roup 

DEA1 .l 
DEA12 
OEA3 
OEA' 
OEA5 
OEA. 
OEA 7 
OEA8 

Alter Oock!s (1965). 

IKlden" (%) 

40 
20 
5 

98 
25 
98 
45 
40 

ncg;ui\'e :tcquire :tnti· DEA7 :tntibodies following 
exposure to cenain environmenu.l antigens pre· 
sent on common b3cteria. Naturally occurring 
anti·DEA7 :tntibodies may be of significance in 
animals receiving blood transfusions and may 
cause delayed destruction of transfused red blood 
cells (10-14 days posHransfusion). 

Three fdine blood groups arc r«ognized: A, S 
and AS. The incidence of type A varies from 73% 
to 99% of the feline population in surveys from 
different countrics and different geographical 
locations (Giger et al., 1989). The incidence o f 
type B blood in pu rebred cats may be m:lrkcdly 
higher th:tn the general cat population (Giger, 
1990; Giger et al., t 99 t a). Cats with type 8 blood 
invariably have naturally occurring isoantibodies 
against rype A cells and 30-35% of cats with 
blood group A have low titres of anli-B isoanti· 
bodies (Auet :md Bdl, 1986). 

• leucocytes 

Granulocyte product/on and luncllon 

The gnnulocytic cells of the marrow can be 
d ivided into three distinct cell fOOls. The mitotic 
pool is those cells capable 0 division, i.e. the 
mydoblasts. promyelocyte! :tnd myelocytes. The 
maturing pool consists of met:tmyelocytes and 
band cells. Passage from myeloblast to m;uure 
gnnulocyte t;l.kes about seven days. Mature cells 
remain in the marrow storage pool for a further 
three to five days before release into the eircula· 

• non. 

Neulrophils 
In the circulation about half the neutrophils arc 
freely circulating ;l.nd the rest constitute the mar
gin;l. ted or m;l.rgi nal pool, adherent to the walls o f 
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small vessels. From here they enter the tissue 
pool, attracted by numerous chemotactic f;l.ctors 
to sitcs of inOammation, where their principal 
function is the production of bactericidal mole· 
cules (e.g. lysozyme, bctoferrin, esterases. 
elastases and coll;l.genases) and ph;l.gocYlOsis of 
bacteria. The length of time spent in the periph
eral circulation is approximately 8-12 h. 

Eosinophlls 
There is minimal storage o f cosinophils in the 
marrow and the time s?tnt in the circul;1.lion is 
only minutes to hours. The eosinophil is attracted 
to sites o f antigen-antibody complex form;l.tion 
or deposition. The primary functions of 
eosinophils ue twofold: they kill par.uite5 ;l.nd 
modubte immune reactions, particubrly hyper
sensitivity reactions. This is achieved by an array 
of biologically active molecules derived from the 
cytoplasmic granules, including major basic pro· 
tein, peroxidase, histaminase to in:tctivate hisu· 
mine released by basophils :md mast cells, ;l.nd 
o ther enzymes. As well as the beneficial effects of 
these substances in the hoS( defences against p;l.ra
sitism, release of eosinophil granule contents also 
results in tissue damage. Eosinophil! may persin 
in the tissues for several days after which they arc 
ph;l.gocytosed by macrophages. 

Balophlll 
Bone marrow stor;l.ge is minimal. Basophils, like 
tissue mut cells, arc involved in IgE. medi:lled ;l.nd 
other immune-mediated inOammatory re;l.ctions, 
releasing v:trious mediators from granules includ
ing histamine, hep:trin and eosinophil chemotactic 
factor. 

Monocyt, production . nd function 

Monocytes ue derived from ;I. common stem cell 
to granulocytes but there is no marrow storage 
pool; rather they arc produced and released on 
demand. Monocytes and their precursors arc 
therefore only present in small numhcrs in no rmal 
marrow. Mo nocyte production takes ;l.bout 15 h. 
In the circulation there is both a freely circulating 
and m;l.(gim.1 pool. After approximately 24 h the 
monocyte migrates into the tissues where it 
becomes a macrophage, performing a number of 
functions. The macrophages of me spleen, lymph 
nodes, bone marrow, Kupffer cells of the liver, 
pleural and peritone;l.l macrophages, tissue histio· 
eytes and langerh:tns cells of the skin arc ;1.1 1 
monocyte·derived. Their prim;l.ry function is the 
phagocytosis of p;l.(ticulate debris. Since they 
carry both immunoglobulin (Fc component of 
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IgG) and complcmcm receptors they can phago
cytose appropri;uely coated (opsonized) organ
isms and antigens. They also playa vil;)i role 
in processi ng antigens to render them more 
immunogenic for presentation to lymphocytes. 
Various substances important in the immune 
response arc produced by activated mono
cyles/macrophages including interferon, inter
Icukins, Iymphokincs, complement components 
and proteolytic enzymes. Tissue macrophage! arc 
involved in iron mCl3holism. After red cell break
down, iron from degraded haemoglobin is stored 
in macroph:lgcs as hacmosidcrin or ferritin and 
subsequently released for rcuti lization in the 
marrow for red cell production. 

Lymphocyte production and function 

l ymphoid prccu rsoN arc derived (rom pluri 
potent stem cells. The commined stem cell o r 
lymphoblast produces prolymphocyte5 which 
progress to mature lymphocytes. The lymphoid 
system comprises the bone marrow, thymus, 
spleen, lymph nodes, gut-associated lymphoid 
tissue (G A L T), bronchial-associated lymphoid 
tissue (BAL'D and blood. Although continued 
lymphopoiesis is dependent on the stem cells in 
the marrow, the majority o( lymphocytes in the 
adult arc derived from peripheral lymphoid 
tissues. Lymphocytes processed in the thymus 
arc termed T -Iymphocytes and bone muro w 
processed cells are known as B-lymphocy1Cs. B
lymphocytes are involved in humor:al immunity. 
After ant igenic stimulatio n B cells transfo rm into 
antibody-producing plasm:t cells. Several subsets 
of T -lymphocyte arc variously involved in cell 
mediated immunity, by modulating the activity of 
other cells r r . helpcr and T -suppressor cells) and 
by ki ll ing infected and tumour cells (cytoto1{ic 
T-cells). 

Lymphocytes in the blood represent only 
about 5% of the total body lymphocyte popula
tion. There is constant recirculatio n of lympho
cytes through the peripheral tissue from which 
they derived, via the lymphatics, thoracic duct, 
into the circulation and back OUI into the peri ph
er:al lymphoid tissues. This recirculation :allows 
conSl.lnt immu ne sur.·eillance, antigen uposure 
:and recognition, and subsequent mobilization of 
sensitized Iymphoc)·tes. The majority of circulat
ing lymphocytes in the blood arc T -ceIl5. 
Occasioll.llly large transformed lymphocytes 
and pl:a5m:a cells may be seen on a blood film 
especi:ally :lfter an :antigenic challenge such as . . 
vacclnallon. 

• Plal.l.ls 

Platelets. :a lso known :as thrombocytes, :arc pro
duced in the bone marrow by budding off and 
shedding from the cytoplasm of megakaryocytes. 
Megakaryocytes are large mutinucleate cells 
whose cytoplasmic arms extend into the venous 
s inuses. The production of megakar)·ocytes from 
progenitor cells and platelets from mega
karyocytes is influenced by the humoral facto r 
thro mbopoietin as well as olher colony stimulat
ing {:actors, the whole process taking about three 
days. Circulating platelets arc oval in shape, 
appro ximatd}· 3 ~m in diameter, with granular 
cytoplasm. Immaturc platelets :tre larger :and 
known as shift platelets. At allY o ne time up to 
30% of the platelet population may be 
sequestered in the spleen. The lifesp:an of the 
ci rculating platelet is 6-10 d:ays. 

Plal",t function: primary hBBmoslasis 

Pl.ltciets interact with endothelial cells to ensure 
nonm.! vascular integri ty. The role of platelets in 
haemostasis is summarized in Fig. 45.2. When a 
vessel is injured pLudets adhere to collagen in the 
subcndothclium \·ia membrane glycoprotein recep
tors. The rcceptor G P Ib which binds von 
Willebrand factor (vWF) is important in platelet 
adhesion. Shape change and release reactions follow 
adhesion with secretion of substances from granules 
which potentiate platelct aggregation and contrac
tion of the pLudet plug. The rt~eptor GP lib-I lia, 
which binds AUP and fibrinogen, is important in 
platelet-platelet interactions. Primary platelet 
aggregation is follow<.-d by further release reactions 
which potentiate aggregation and result in further 
recruitment of p\;lIclets into the :aggregate, forming 
the primary haemost:uic plug. Prostaglandin 
synthesis results in the production of thromboxane 
Az by lhe platelet which counteracts the effect s of 
prostacyclin (PGl l ) produced by endotheli:a\ cells. 
Prostacydin is an inhibitor of platelet aggregation 
and a vasodilator. The responsiveness of platelets is 
regulated by thesc proSlagi.lndins "ia effects on 
cyclic AMP concentration in platelets. Stabiliz.ation 
of the pbtclet plug is achieved by the deposi tion of 
fibrin. the end-product of the coagulation cascade 
(secondary haemosrasis). Membrane receptors o n 
the surface of :act ivated platelets provide bindingsites 
for many of the coagubtion proteins and the phos
pholipid, termed pl:uclet factor 3, which is required 
for several steps in the coagulation pathw:ty. This 
has the effect of loc:llizing clot formation to the si te 
of vascular injury. 
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Figure 45.2 Simplified scheme 01 the mechanisms involved in haemostasis. vWF, von Willebrand factor. PF3, platelet 
factor 3 phospholipid. Reproduced Irom Littlewood (1986). 

I Pl asma proteins Involved In 
haemostasis 

Von Wlllebrand fletor 
This is a highly glycosylaled, muhimeric protein 
of high mol«ular weight which is derived from 
vaseul;]r endothelial ct"lIs. Although il is also 
prfSen t in megakaryocytes and platelets of other 
species there is little, if any, vWF in canine 
platelets (Meyers et ai., 1987; Parker et ai., 199 1). 
In plasma, vwr: circulates non-covalently bonded 
with the antihaenlophilic coagulation !:lclor, 
factor VIII (F.V III). Howe\'u, it is a completely 
d istinct prolein, coded fo r by an autosomal gene, 
with:1 different role in baemostasis from F.VII !. 
The close association has led 10 confusion regard
ing terminology and vWF was originally known 
as factor VIII -rel:1ted antigen. This name is now 
outmoded. 

vWF has a pivotal role in platelet adhesion to 
collagen. The protein is released from t"ndOlhelial 
stores by the action of vasopreS5in, after exercise 
and stress. These and other hormon:1l influencfS 
may cause gre:1t variability in circulating vWF 

concentrations in people and the same is likely to 
be the case in dogs. 

Coagul.tion proteins: second." hllmor'lSls 
The coagulation proteins o r factors are dt"signated 
by Roman numerals. The majority arc serine 
proteases which art" sequentially activaled, 
Classically, the coagulation cascade is divided into 
intrinsic and extrinsic pathways with a flna l com
mon pathway (Fig. 45.3) although there is CXlen
sivt" interaction ;n 11;110. Factors II , VII , IX and X 
are synthesized in the liver and are vil'amin K 
dependent. Factors V and VIII arc essential cofac
tors, also livt" r derived. and are activated by the 
action of Ihrombin. The intrinsic pathway is 
initiated by the activalion of F,XII after surface 
(subendothelial) contact or exposure. F.Xlla also 
plays an imponant role in inflammation by the 
relusc: of kinins and kallikrein production and in 
Ihe activation of complement, u well as triggering 
flbrino lysis by conversion of plasminogen to plas· 
min. The extrinsic pathway comprises F.VII and 
tissue factor (thromboplastin), a lipoprotein com
plex derived from tht" membranes of many cells 
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Figure 45.3 A simplified scheme of the coagulation cascade. omitting feedback and inhibition interactions. HMW, 
high molecular weight: FOP, fibrinlfibrinogen d&gradalion products: Pl. phospholipids. Reproduced from Littlewood 
(1986), 

including monocytes and macrophages. The com
mo n pathway consists of convcrsion of pro
thrombin into thrombin by F.Xa and fi nally the 
production of insoluble fibrin from fib rinogen. 
This polymerizes fO form a c10f under the influ 
ence of FXIII a. Thrombin activates many o f thc 
enzymes and thus feedbac k amplification occurs. 
Calcium ions and phospholipid (PFJ) arc essential 
for many o f the enzyme reactions. Fibrin polymer 
is deposited in a meshwork to fo rm a definilive 
pl:uclel plug, preventing further loss of blood. 

Limiting reactions: tertiary haemoslas;s 
Localization of these reactions to the surface of 
activated platelets limits the extent of clot and 
thrombus formation. The anti thrombotic effects 
of prost3cyclin derived from endothcli31 cells has 
already been mentioned. Thrombin, in addition to 

activ3ting cof3ctors and other enl.ymes, also 

inactivates molecules by furthe r enzymatic 
cleavage. Protein C and protein S arc vitamin K
dependent factors which inactivate cofactors V 
and VIII. This action is enhanced by thrombo
modulin, an endothelial cell surface receptor 
which binds thrombin. The major physiological 
inhibitor of coagulation is amithrombin III (AT 
1II ). This, in associatio n with heparin, inactivates 
thro mbin and serine proteases. Various other 
natur.ll inhibitors have been identified. In addi
tion to these locali7.ed limiting reactions any acti
vated factors reaching the circulation are removed 
by the li\'er. 

Fibrinolysis 
The fi brin clot is broken down by the action o f 
plasmin. Plasmin is derived fro m plasminogen 
which is 3ctinted by a number of molecules. the 
most import'ant of which is tissue plasminogen 
aCtiv;Hor (tPA), which is produced by endothelial 
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cells. Urokinase, F.XlIa and kall ikrein also acti
vate plasminogen. The action of tPA is regulated 
by several inhibilOrs. The breakdown products o f 
fibrin :and fibrinogen, resul ting from the action 
of plasmin, are known as 6brin(ogen) split o r 
degradation products (FSP, FOP). These possess 
anticoagulant propenies, interfering with the 
polymerization of fibrin and also pl:'IIe1ct func
tion. Circulating plasmin is inactivated by «1-
antipiasmin and ~-macroglobulin. Healing of 
damaged vessels is completed by fibroblastic and 
endothelial repair, under the stimulus of platelet 
derived growth factors. 

In summary, the no rmal haemost:ttic system is 
a complex, well-regulated balance between the 
vascular responses, platelets, coagulation proteins, 
fib rinolytic mechanisms and natural inhibitors. 
These mechanisms serve 10 limit haemo rrhage, 
prevent excessive thrombosis, stimulate local 
repair and thus maintain homeostasis. 

I CLINICAL HISTORY 

The history of animals with haemarological 
abnormalities is often non-specific and, particu
larly in CaLS whose owners may not notice com
pensatory changes in lifes tyle, inapparent unti l the 
disease process is quite advanced. Although there 
are conditions with a rapid rate of onset .md acute 
signs, many dogs and cats with red or while blood 
cell abnorm:a.lities follow a chronic cou rse, some
times with repeated episodes o f illness. Bleeding 
disorders, however, generally progress more 
rapidly, ;tlthough repeated episodes of bleeding 
may be encountered in inherited disorders and a 
more prolonged course may be sccn with some 
low-grade acquired disorders o f haemom.sis. 

Lethargy and/or generaliud weakness arc 
common fe;atures of most haemarologic;tl dis
orders. Ano rexia is also frequently encountered. 
together with weight loss. the severity of which is 
dependent o n the du ration of the condition. Some 
animals with anaemia m;ty show cold sensitivity. 
Exercise imolcrance is common, with dyspnoea 
and ('ven collapse resulting fro m any exenion. 
Owners may have noticed pallor of the mucous 
membranes and. in the case of bleeding disord('rs, 
the presence of petechial o r eechymotic haemor
rhages affecting the mucosae and skin. Occasion
ally ocular haemorrhage may be the presenting 
complaint. 

Owners should be questioned about cXlernal 
blood loss. such as epist;l.xis, haemoptysis, haem
uemesis, melacna and haematuria. The prcsence 
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of large swellings and shifting lameness may indi
cate th(' presencc of soft tissue hacm;l. tomas and 
haemal"{hroses, respectively. III some bleeding 
disorders haemorrhage may be spontaneous; in 
others it may only be apparem after trauma. A 
history o f uneventful surgery or dental extrac
tions in the past suggests an acquired rather th;l.n 
an inherited disorder of haemostasis. Details of 
pr('vious bleeding episodes, age of o nset, fre
quency and type of bleeding should be docu
mented. The incidence of any similar problems 
in related animals would indicate an inherited 
condition. 

Many haematological disorders arc associated 
wi th underlying systemic disease. There may b(' 
a history of recurrent infec tions and fever in 
immunocompromised animals, e.g. animals with 
myclo- or lymphoproliferative disease or which 
arc neutropenic. Polydipsia and polyuria may 
indicate the presence of renal or hepatic disease, 
both of which are commonly associated with 
anaemia. Diarrhoc;a and vomiting may be featu res 
of sev('ral cond itions which result in haemalO
logical abnonnalities. 

The owner should be question«i about the diet 
of the animal. In some cases of anaemia, for exam~ 
pic, pica may be a fealUre. A detailed history of 
d rug administration, panicularly antibiotics, 
hormones and anti-inflammatory preparations, 
both prescribed and owner initiated, is essential. 
Possible exposure to toxins should also be 
considered. 

I PHYSICAL EXAMINATION 

Animals with haematological disorders arc com
monly rather quiet and m;ty be depressed. Pyrexia 
is not uncommon in animals with bone marro w 
neoplasia or aplasia and other causes of immuno
suppressio n. e.g. FeL V o r FIV infections in cats. 
Fever spikes may accompany acute haemolytic 
episodes. 

Pallor of mucous membranes is characteristic of 
many haemarological conditions. although some 
animals with a slowly progressive anaemia may 
show little pallor until the disease is advanced. 
However, it should be remembered that anaemia 
is not the o nly cause of pale mucosae; peripheul 
vasoconstriction, for example in dogs with severe 
congestive heal"{ fa ilure, may also result in 
mucosal pallor. An assessment o f capillary refi ll 
lime may be helpful in distinguishing pallor due 
to decreased perfusion and anacmia. When a 
bleeding clisord(' r is suspected all mucosal surfac('s 
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Since: the injury itself is painful and camery is 
required to Stop bleeding if there is a haemoslatic 
defect. the t« hnique can only be: recommended 
for use: in ;l.naesthe:tiud ;l.nim;l.ls. Although the 
technique sounds deceptively easy and potentially 
useful. there em be difficulties in deciding when 
the end point is re;l.ehed and some animals with 
severe s«ondary haemosu.tic defects may have 
;l.ppuemly no rmal cuticle bleeding limes (Gi les et 
aI. , 1982, PijnappcJs et al., 1986) 

• Olher Invesllgallve lechnlques 

Other procedures which may be indicated in the 
investig;l.tion of patients with h;l.ematologic;l.l 
abnormalities include radiography. Survey chest 
and abdominal radiographs are indicated in the 
work-up of animals with suspected lympho
sarcoma and cases which present with a history o f 
pyrexia of unknown o rigin (see Chapter 4). 
Screening radiographs of the thorax ;l.nd ;l.bdomen 
are indicated in most ;l.naemic ;l.nimals p;l.nicululy 
those where intrathoracic or intra-abdominal 
haemorrhage: is suspected. Abdominal films should 
be taken in anim;l.ls with hepatic or splenic enlarge
ment, o r which have other abdominal masses 
and/ or abdomin;l. l p.lin. If a gUt lesion resulting in 
chronic blood loss is suspe<:tOO as :l caus~of ;l.n;l.emi;l. 
then buium contrast studies may be indicated. 

Survey radiographs of the skeletal system are 
indicated in animals with hypergammaglobulin. 
aemia, looking for the lytic lesions o f plasma cell 
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(multiple) myelom;l.. Animals with myeloprolifer
ative disease, notably myelosclerosis, may show 
I":ldiographic changes of osteosclerosis in the 
medull3ry C:lvity of long bones. 

Lymph node aspiration may give useful addi
tional information in animals with peripheral 
lymphadenopathy, allowing differentiation 
between neoplastic and reactive node enlarge
ment. (Sec Chapter 20). 

I LABORATORY INVESTIGATIONS 

• Routine haematology 

Normal reference f;l.nges for h;l.em;l.lOlogicai para+ 
meters of adult dogs and cats are shown in Table 
45.3. The values for young and aged animals may 
fall outside these ranges, e.g. animals I~ss than 3 
months o f age tend to have lower red cell counts 
and packed cell volumes. Blood smears arc usually 
stained with Romanowsky stains (e.g. Wright or 
Giemsa stains) for eX;l.mination of cell type and 
morphology. 

Red cell plrameters 

Feline erythrocytes are smaller than those of 
dogs ;l.nd the tOl31 red cell mass is less in cats. 
Inadequate filling of sampl~ tubes resulting in an 
excessive anticoagulant concentration will ane
factually reduce the pev and derived red cell 
indices. pev should be interpreted in association 
with the total plasma protein concemr3tion. 

Table 45.3 Normal reference ranges lor haematological parameters in adult animals' 

Plramltlr Do, Cot Units 

Haemoglobin (Hb) 12- 18 0-15 o dl ' 
Red blood cells (Rile) 5.5-8.5 5.5-10 x101l 1·' 
Paeked cell volume (PCV) 0.37-0.55 0.27-0.45 I 1-' 
Mean ceH haemoglobin (MCH) 19.5-245 12-17 " Mean ceR volume (MCV) 62-n . 0-55 " Mean tea haemoglobin 
concentration (MCHC) 32-36 32-35 g til·' 

While blood cells (WeC) IH8 5-20 xlO'1-' 
Band neutrophils 0-05 0-03 xlO'I·' 
Neutrophils 4.0-12.0 2.5-13.0 xlC1'l ' 
lymphocytes 1.1)-48 1.5-7.0 xIOl I·' 
Eosinophils 0.2-\'2 0.1-2.0 xlO'I·' 
Basophils 0 0 xIO'I-' 
Monocy1es 0.1-1.8 0-08 xl()t t-' 

• Nt)flN,1 rt!ferance ralllle ~111le Peter E. Burreil labora!ones. Animal Health TrusL Newmarlcet. 
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Table 45.7 Classification 01 anaemia according to marrow response 

Non·regeflerahve ~naemliS 

Inappropriate marrow response 

;1ssoci;l.led with uraemic vasculitis, toxic effectS on 
,hC' bone marro w and rrouced or absent erythro
poietin production. as well as the anaemia a$soci
:ltcd with the chronic d isease state. The anaemia 
;lSsoci;ltcd with hepatic discase similarly m:ay 
occur d uc to chronic inOammation and the cHecl 
of loxins, with additional contributions from 
microl.ngiop:l.lhic dJ.mage due to disrupttd sinu
soid, and a bleedi ng Icndenc), (scC' hter). The mild 
an.u." mia which m;!y be a fe;!ture o f hypo
thyro id ism is physiologic;!l ;!nd is associated with 
rC."d uced metabol ic r;!ie. Mild anaemia is commo n 
in hypo;!drenocorticism. but is often masked by 
haemoconcentration due to dehydration. 

Poly~h .. mla 
PolycYlhaemia is characterized by an increase in 
erythrocyte numbers above normal and may be 
relat ive o r absolute. Relative polycythaemia is 
usually the result of dehyd r.uio n (i.e. haemo
concentration) or possibly splenic contraction. 
Absolute polycythaemia may be primary o r sec
ondary. Prim:1ry polycythaemia (polycythaemia 
vera) is a chronic myeloprolifera tive condi tion and 
is covered l:u er. Secondary polycythaemia may 
occur as a physiological response to hypoxia 
resulting in an appropriAtc increase in erythro
poietin productio n. It is a fe;! ture of congenital 
cardiac ano malies such as tetralogy of Fallo t which 
are characteriu d by the right to left shunting of 
blood. Secondary polycythaemia. in association 
with inappropriAtc erythropoietin productio n, 

HaemDfrf\age 

.... """'" 
ErythrOid hypoplaSIa/aplaSIa 
AplastIC anaemwp.Jncyloperua 
MyelOprOhferatM! elise'$" ""_. 
MyelolibrO$lS 
l ymphoprohferatrVe disease 
Chronic inflammatory dlsNse 
Renal dtSease 
Chronic liver disease 
Hypothyroidism. hypoadrenocortlCism 

MyelOPfOllfel1IJve disease (erylhraemlc 
myelosis, erythroleukaemia) 

MyelOdySplasia 
l ead poisoning 

most commonly occurs with renaltumou rs (C ro w 
CI at., 1995) and other renal diseases. 

Whit, "II p,ram,t,rs 
Differential while cell counts should always be 
interpreted o n the basis of absolute values rather 
than relat ive percenuges. The mo rpho logical fea
tures which allo w discrimi nation between leuco 
cytes :1Od the species d ifferences are well covered 
elsewhere (see Further ReadinR). Ro manowsky 
st:1;ns permit differentiation o( no rmal. mature 
leucocytes, hut it may be diffi cult to d iscriminate 
between morphologically abno rmal cells and 
poorly differenti:loIed neoplastic myeloid and lym
phoid cell lines without the use of cytochemical 
stains Uain. 1986, 1989). 

Normal reference ranges for leucocytes :1re 
given in Table 45.3. It must be remembered that a 
single blood sample provides o nly one picture of 
the transient journey of white cells from bone 
marro w to tissue and repeated counts arc neces
sary to gain a full er undcrsl;!nding of the reuons 
for an :1bnorm:11 white cell count. Scrial counts arc 
also helpful in monito ring the progress of a 
disease process and its response to therapy. 

l.uto~. responDS 

PtlYSloIOflltlll.uto~osls 
Physiological leucocytosis occu rs with excite
menl, fe:1r and exercise. The release of cate
eho lamines increases blood fl o w and mobilizes 



marginatro n~utrophils resulting in a mild neutro
philia. Physiological I~ucocytosis. particularly a 
lymphocYlosis, is a common occurr~nu in cats. 

Phyliologitalleucopenia 
Samples taken from s~da led or ana~sthetized 
animals may show a physiological leucopenia 
due to increasro margination of neutrophils. 

Stress leucocytosis 
Conicosteroids have seven.l effects on Ihe release 
and distriburion o f neutrophils resulting in a neu
trophilia, including reducro egress of cells into 
tissues, a shift from the mar&inatro to circulating 
pool, and increased release from the marrow 
storage pool. There may be nuclear hyperseg
memarion usociated with prolongation of the 
circubtion time of neutrophils. Eosinopenia and 
lymphopenia are usually present as a rcsult of the 
lytic effect of conicosteroids on these cells and/or 
a shift of cells into the marginated pool. There 
may also bc an accompanying monocYlOsis. This 
typical pictur~ of a neutrophilic leucocytosis with 
eosinopenia and lymphopenia is commonly 
r~ferr~d to u th~ srress lellcogram. It may be seen 
after trauma, pain, surgery and many chronic 
non-inflammatory conditions, and is a hallmark 
of spomaneous or iatrogenic hyperadrenoconi
cism (Cushing's diseue). 

Leu"cyte responses In inft.mmation 

Penlcule Inft.mm.tlon 
Early in the response to severe tissue damage ncu
trophils move from the circulating to marginated 
pool 2nd pass imo the tissues in reponse to 
ch~motactic factors. This resul ts in a leucopenia, 
due 10 neutropenia. In most cases this phase is 
transient and the response progresses to that more 
typical of acute inflammation. However, in the 
face of overwhelming infection such as endotox
aemia this leucopenia (neutropenia) may persist 
accompaniro by a degenerative lefl shift, i.e. the 
number of band ncutrophils rele:lSed imo the 
circulation is out of proportion to the numb~r of 
mature scgmemro neutrophils (the number of 
band cells usually exceeds the number of mature 
neutrophils by at least 10%). This picture c:uries:l 
more guarded prognosis. 

Acute Inftamm.tlon 
Neutrophils continue to pass into the tissues and 
at the same time cells are relC3.sed from the 
marrow storage pool. The mobilization of 
neutrophils c:luses increased marrow production 
of granulocytes. In the peripheral blood acute 
infl ammation is characterizro by a neutrophilia 
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and the presence of immature band neutrophils, a 
left shift. This leucocytosis (neutrophilia) and 
regenerative left shift is the appropriate response 
to an inflammatory reaction. It also accompanies 
acute ha~morrhage and h.aemolysis. 

Chronic Inft.mmallon 
In the face of ongoing, unresolved inflammation 
there arc several possible sequelae. If the reaction 
beconll'S stabiliud and the tissue demand for neu
trophils is b.al.anced by expanded marrow produc
tion, the total whit~ cell count may be at the upper 
limits of normal or a mild neutrophilia is seen 
with a variable l~ft shift and monocytOsis. If the 
marrow response becomes exhausted by tissue 
d~mands then a low normal n~Ulrophil COUnt or a 
neutropenia may be seen, with a degenerative left 
shift . A more guarded prognosis is warranted in 
such cases 

Leukaemold response 
A severe localized infection such as closed 
pyomctra or pyothor.ax may result in a profound 
lcucocytosis with an extreme left shift with bands, 
myelocytes and occasionally myelobl:lSlS present 
in the ci rculation. Total while cell counts may 
be in the region of 5~80 x 10' I-lor more. 
Lcukaemoid reactions may be difficult to distin
guish from chronic granulocytic (myeloid) 
leukaemia. 

Morphological changes 
Toxic changes, refelecting abnormal m:uuration, 
may be seen in neutrophils in :lSsociation with 
se\'ere toxaemic states. Changes include 
purplc-black cytoplasmic granules, diffuse cyto
plasmic b:lSophilia, cytoplasmic vacuolation, pale 
blue, angular cytoplasmic inclusions (Do hle 
bodies) and giant neutrophils with bizarre nuclei. 
Toxic changes arc commonly encountered in 
feline neutrophi ls. 

Neutropenia 
In addition 10 the situations described above 
neunopenia may result from thc use of cytolOx;c 
drugs and is a common feature of myeloprolifera
tive disease (sec later). Whatever the cause, neu
tropenia always carries a guarded prognosis for 
the patient since affected animals are more likely 
to succumb to infection. 

lymphocyte responses 

lymphocytosis 
A physiological lymphocytosis may be part o f the 
leucocytosis seen in response 10 fear and excite
ment, especially in Ihe cat. Lymphocytosis can 
be seen after vaccination and in response to 
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Washed patient RBCs 
with red cell 
antibodia$ and ~ 

" .... 
• COMPLEMENT 

~ ANTIBODY TO RBCI 

Po/yvaIeflt rabbit 
antisen.m ooncaining 
antibody directed 
against canine 19G, 19M and Cs 

In('! nate at . 'C 
ancI37'C 

Agurl45.6 Schematic representation of the direct antiglobulin (Coombs') lest 

will demonstrate the presence of antibodies on the 
surface of plateletS. but Severe thrombocytopenia 
may result in falsC' negll.tive results. Mo re r~ently, 
an indirect fluorescent antibody Icst to detect 
anti-platelet antibodies in patient plasm:a h;l.s been 
described (Kristensen ct a/., 1994;1.). Positive stain
ing of megakaryocytes in bone marrow aspirates 
is an alternative method of identifying autoanti
bodics Gain, 1993). ELISA tests for anti-platelet 
antibody detection are used in human medici ne. 
but have yet to become widely available in the 
veterin:uy field. A study comparing an ELISA 
test for detection of platelet-bound antibodies, a 
direct test, with an ELISA for detection of anti
platelet antibodies in plasma, an indirect test, 
found that the direct test was more sensitive in 
confirm ing a diagnosis of idiopathic thrombocy
topenia, but was not specific since it also detected 
other causes of immune-mediated thrombocyto
penia (Lewis rt al., 1995). 

Others 
In casrs where systemic lupus erythem:.tosus is 
suspected then an aminuclcar antibody test 
should be requested . Occasionally other 
immunological screening tests may be indic:. ted, 
e.g. anti-neutrophil antibody o r rheumatoid 
factor. 

Biochemistry 

A measure of the IOt:.1 plasma protein (TPP) con 
centration is almost essential for the interpreta
tion of pev. A low rev in association with a 
decreased TPP concentration is suggestive of 
blood loss; dehydration may result in an increase 
in pev and TPP concentration. Serum protein 
electrophoresis will identify hypergamma
globulinaemias and monoclonal gammopathics. 

A full biochemical screen is advocated, espe
cially in cases of non-rege.nerative anaemia, to rule 
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OUt Ihe presence of systemic disease. Particular 
aucntion sllould be paid for cl'idcnce of rcnal fail
ure, hepatic disease, and the presenc~ of hyp~rca1-
caemia. a parancoplastic condition which may be 
seen in association with haematologicill malignan
cics such as lymphoma and plasma cell myeloma. 

Tcsts to dClce! abnorm:1lilies in iron me[3bo-
1ism such:1s seru m iron, tOt':1 l iron binding C3p3C
ity, percentage $:1turation of transferrin and serum 
ferriti n may be helpful in the investig:uion of 
anaemia, p3r1icularly non-rcgenerati\'e anaemi:1S. 
For eX;lInple serum ferri tin assays may differenti
ate between true iron-ddiciency anaemi:1 due to 
chronic blood loss and anaemia of chronic dise:1s~ 
both of which may result in low concentr:1tions of 
serum iron. The interpretation of these tests is 
described in more detail in C hapter 14. 

Urinalysis 

Urine mily be examined for evidenc~ of renal 
fail ure (fixed range specific gravity, abnormal 
urinc;pl:1sma urealcreuinine ratios, increased 
fractional excretion of sodium), protei nuria which 
may indicate immune complex glomerular dam
age, or paraproteinuria (Bence-Jones proteins) 
which may be seen in some cases of plasma cell 
my~loma . 

Tests tor viral infection 

Tests for fcl ine leukaemia virus (FeLV) and 
fcline immunodeficiency virus (FIV) stalUS arc 
indicated in all calS with haemalOlogical dis
ordcrs. 

I SPECIFIC CONDITIONS IN THE DOG I 

I ANAEMIAS 

• Responsive anaemias 

Acute haemorrhage 

Acute haemorrhage following trauma or during 
surgery is usually obvious. Haemorrh;lge due to 
defects of haemostasis or from visceral masses, 
particularly splenic tumours, and acute gastro
intestinal ulceration may not be immediately 
apparent. Dogs may be presented in various stages 
of hypo\'olaemic shock, dependi ng upon the rate 
of blood loss and degree of owner observation. 
Thorough clinical examination, followed by 
appropri:1te radiographic exami nation should 
point the clinician towards a diagnosis of h:1emor
rhage and the underlying cause. 

During and immed iately after acute hatmor
rhage, red cell par.tmetefS and pl.lsma proteins 
may be normal, since whole blood is lost and 
splenic contraction helps to offset erythrocyte 
loss. It may be 12 h or more before (\uid shifts 
attempt 10 restore circulating vol ume ;md ha('ma
IOlogical evidence of 2naernia, i.e. decreased rev, 
toul red cell COU nt, haemoglobin concemralion 
(witll red uced pbsma protein concentration), 
become app:1rent in blood samples. At this stage 
the anaemia is normocytic and normochromic . 

• 

After two to three days there is evidence of:1 mar
row response and the anaemia typ ically becomes 
macrocytic and hypochromic. A leucocytosis due 
to a neutrophilia is commonly seen and reOects a 
general bone marrow response. Thrombocytosis 
and shift platelcts arc produced in response to 
blood loss. Wilen haemorrh:'lge occurs imo a body 
cavity erythrocytes may be resorbed into the 
circulation. This results in membrane damage, 
and poikiloc}'tes and acanthocytes may be seen on 
peripheral blood smears. 

Thc management of haemorrhagic anaemia 
depends on the specific cause of blood loss. 
Obviously, efforts must be made to arrest the 
haemorrhage ;lnd correct the underlying abnor
mality where appropriate. Initial thempy should 
be directcd towards reversal of hypovobemic 
shock by restoration of circulating volume, using 
plasma expanders and fluid therapy. Whole blood 
andlor plasma may be indicated, particularly in 
the management of haemorrhage due to haemo
st:1tic defects. The decision to transfuse whole 
blood or red cells should be based on the patient's 
clinic:11 requirement for oxygen-carryi ng capac
ity. As :'I rule of thumb, in cases of acute blood 
loss, red cell replacement is not usua l1 )' indicated 
in the dog unless the rcv fa lls below 0.20 I 1~ 1 

(after correction of hypo\'olaemia) and th('re is 
evidence of continued blood loss (sec section on 
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History and elinleal flndlngs 
Th~ cliniCOlI pre5~nu.tion and cours~ of COInine 
AIHA is quiu ,·.ui.1ble (Halliwell and Gonnan, 
1989). The condition may affcct any age of dog. 
but is more common in young .1dulu and j uv~
niles. As in humans, the condition is mor~ com
mon in females and ~pisod~s of dis~.1S~ may ~ 
rebted to recent oeStrus. A num~r of breeds 
appc.1f to be over-represented including poodles. 
old English sheepdogs, cocker spani~ls and 
Dobermann pinschers. 

The ons~t of an.1emia and scverity of associated 
symptoms is morc :lcutc in those C:lSCS with autO:l.g
glutin:lting and intf:lvucular h:lemolytic antibodies. 
These: dogs m:1y h:1ve a sudden onset of leth:lrgy, 
depression, pyrexiJ and marked pallorof the mucous 
membranes in :1ssociation with h:lcmoglobinaemia 
:1nd h:1cmoglobinurill. (Fig. 45.7). Affected anim:1ls 
become r:lpidly icteric due to the high circul:1ting 
levels of unconjugaled bilirubin (Fig. 45.8). Hypoxic 
dll.mage to the liver frequently results in elevation of 
liver en1.ymcs. I-bemoglobinuria mll.y caus~ renal 
tubulJr danug~. The presence of large amounts of 
d:tm:lgcd ~rythrocyu~ membrane may 1~:ld to com
plic.1tions of thrombotic discuc including pul
mon.1ry ~mbolism :l.nd disscmin:l.lcd imr.lVucuJ:l.r 
coagulation. 

More often AIHA follows :I. more protr:lcted 
course, sincc the m.1jority of cases arc due to th~ 
fonnuion of wann incomplcte antibodies which 
result in the opsoniution :l.nd extt:lvuculll.r 
destruction of red blood cells. In these cases 

Figure 45.7 Haemoglobinuria resunfng from acute 
intravascular haemo/ysis. Courtesy of J.K. Dunn. See 
colour plate. 

Figure 45.8 Icteric oral mucous membranes in a I-year
old German short-haired pointer wilh acute autoimmune 
haemolytic anaemia. Courtesy of J.K. Dunn. See colour 
plate. 

splenomegaly is:1 common finding; hep;Hornegaly 
and gener:l.lized peripherll.l lymph;l.denop.1lhy 
rna)' also occur. 

Dogs with cold-:l.cting ;l.ntibodies show some
what different signs. Cold lI.gglutinin dise;l.5e is 
char:lcterized by isch;l.emic necrosis of the ~;l.r tips, 
uil .1nd f~t. Cold non-agglutin:l.ting AII-IA is :l 
r:lre condition ;l.nd affected :l.nimals experience 
recurrent episodes of an:l~mia and haemoglobin
uri.1 in associll.tion with cold we.1ther (l-blliwdJ 
and Gorm;l.n, 1989). 

Diagnosis 
Hacmatological ~xamination usu:llly r~\'e.1ls lI. 
m:lrkcdl), regener:lli\'e an:1emi.1. A reticulocyte 
production index grealer than) is highly sugges
tive of ;I. di;l.gnosis of A I !-IA. and in somc cases the 
RPI m:l.y be as high as 8. Thc reticulocytosis is 
usually an :lccompanied by lI. neutrophilic leuco
cytosis. The presence of spheroc)'tes, red cells 
which h.1ve been p:lrti:1lly phagocytosed by 
reti c ul~ndothc:l i;l.1 m;l.croph;l.ges during p:U53ge 
through the liver and/or spleen. is highly sugges
tive of AI!-IA, although an absence of spherocytes 
does not rule OUt such lI. diagnosis. Occasionally 
the aUIO:lnt ibodies rna)' :llso be d irccted .1g;l.inst ery
throcyteprecursors in the m.1rrow so that the resu l
[.1nt anaemi;l. appeus non-regenerative (W~iss. 
1986). In such cases bone m;l.rrow eX:lmin:ltion is 
m;l.nd;l.tory to rule OUt other caus~s of erythroid 
h)'poplasi:l or :lpluia. Bonc murow cytology in 
AIHA f)'pic:tlly reve.11s mnkcd erythroid hyper
pluia, often with concurrent myeloid hypc:rplui.1 
:l.nd an increased number of pluma cells. 
Erythrophagocytosis and/or erythrocyte rosettes 
:ll'ound m;l.crophll.ges arc also highly suggestive of 
immune-mcdill.tcd erythrocyte destruction. 

0' 1 0 
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However, 1ffected dogs may remain relatively 
well for extended periods of time, often without 
ther:lipy. Anabolic steroids may be employed to 
stimulate erythropoiesis and antibiotic cover may 
be required during pyrexic episodes. If problems 
such as thrombocytopeni1 arc present then 
ther1py with prednisolone should be considered. 

Basophilic lellkaemia is rarely encountered in 
the dog (Mah1ffey et al., 1987). Essential tbrom
boC)'thaemia is a rare condition associated with 
platelet counts often exceeding 1000 x 10' 1-' . In 
humans the disease is characterized clinically by 
a haemorrhagic syndrome and thromboembolic 
dise;ase. In dogs signs o f bleeding appear 10 be less 
common (Evans cr al., 1982). Essential thrombo· 
c),thaemia can be regarded as a chronic form of 
megakaryocytic or megakaryoblastic leuk3emia. 
Successful management of 3 case of essenti31 
thrombocythaemia in a dog with vincristine, 
cytosine arabinoside, cyclophosphamide and 
prednisolone h:l.S been documented (Si mpso n 
er al., 1990). 

• lymphoprollferatlve disease 

(~e Chapter 50) 
Lymphoid neoplasia ,an be classified on an 
anatomical basis (H olmberg, 1985). w hich is 
useful from ;a clinical standpoint. The 1dvent of 
specific markers for surhcc antigens t>n caninc 
lymphocytes is li kely to clarify the cell types 
invoIvcd and assist in the classification and prog· 
nosis of these conditions. 

Mu/tlctlntr/c malignant lymphoma 
(/ymphOSaf&Dma) 

Lymphoid infiltr.uion of the bone marrow occurs 
in 1hout 10-15% of anim;als with the multi· 
cenlric form of m11ignantlymphom1 (Raskin and 
Krehbiel. 1989; Dobson and Gorman, 1993). 
Abnormal lymphocytes may not always be found 
in the circu lation 1nd, if present, arc few in 
number unti l the terminal stages of the disease. 

CUnleal signs 
D ogs with multicentric malignant lymphoma may 
p resent with 1 history of lethlrgy, anorexia and 
weight loss although these signs are very variable. 
On clinical examinatio n therc is marked symmet
rical enlargement of pcripherallymph nodes and 
hep1tosplenomqply. When there is bone marrow 
involvement:l mild to moderate degree o f lnaemia 
is usuall y present with acompanying pallor of 

mucous membranes. The anaemia may be that 
of chronic disease lnd/ or may be haemorrhagic. 
im nlUne-mediated, microangiopathic and dysery· 
thropoietic in origin. Animals with multicentric 
malignant lymphom1 with bone marrow invoh'e· 
ment generally have less sc\'erc clinical signs than 
those with true lymphoblastic Icuk:liemia (Morris 
et al., 1993). Thrombocytopenia may result in a 
bleeding tendency and occ1sionally signs related 
to hyperviscosit')' may occur in association 
with immunoglobulin· producing B cell tumours. 
H ypercalcaemia may also occur as a paraneoplascic 
syndrome. 

Diagnosis 
Most cases have a mi ld to moderate non· regener
ative anaemia. but some dogs may have a regener· 
ati\'c anaemia due to concurrent Coombs' positive 
haemolytic anaemia. White cell and platelet 
countS may be normal or moder.nely reduced . 
Radiography may reveal enlargement of the 
intrathoracic, re troperitoneal and sublumb1r 
lymph nodes. Lymph node aspirate and/or biopsy 
is necessary to conhrm the diagnosis o f l),mphoma. 
Infiltration by a monomorphic popubtion of 
lymphoid cells is seen, with loss of normal lymph 
node architecture. Confirmation o f bone marrow 
involvement requires bone marrow aspiration 
and/ or histological examination of a core biopsy. 
Initially, bone mlrrow infiltration may be pltchy 
and may be missed in marrow aspirates. 

Management 
CaSes of multicentric l)'mphoma with or without 
bone marrow invoh'ement are usually treated by 
combination chemotherapy. A number of 
therapeut ic protocols have been described for 
the management of canine malignant l)'mphoml, 
vincristine. cyclophosphamide and prednisolone 
being the mosl commonly used drugs. Cytosine 
arabinoside and adriamycin may also be useful (sec 
C hapter 50). Animlls with signs relat ing to para· 
neopl1stic syndromes rna)' require appropriate 
therapy as a matter o f urgency (sec C hapter 50). 

The prognosis is generally regarded as being 
less f3vourabl e for those cases of multicentric 
malignant lymphoma with bone marrow involve
ment, however extended periods of remission in 
response to chemotherapy have been reponed 
(D obson and Corm1n, 1994). 

LymphDcytle/lymphold /euklBmlas 

Lymphocytic leukaemi1 represents only about 
1 % of lymphoid neoplasms in the dog. The pro
liferation of leukaemic cells occur:s primarily in 
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th~ bon~ marrow with sttondary infiltration 
occurring in the liver, spleen and lymph nodes. 
On a clinical basis it may \)( difficult to differenti
ate the lymphoid leukaemias, particularly acute 
lymphoblastic leukaemia (see below), from c:ases 
of multicentric lymphoma with terminal bone 
marrow involvement. 

Acutelymphoblaltlc leuka.mla (All) 
The bone marrow :and lymphatic organs arc 
infiltrated by immature, poorly differentiated 
lymphocytes (lymphoblasts). 

Cllnicalllllni 
The most common presenting signs are lethargy, 
:anorexia, vomiting and diarrhoea. The onset of 
signs and progression of the disease is usually rapid 
and affttted dogs are systemitally ill. Many 
abnormalities may be found on clinical exam· 
ination including mucosal pallor. pettthial and 
ecchymotic haemorrhages, hepatosplenomegaly, 
moderate lymph node enlargement, bone and joint 
pain, neurological deficits and ocular changes. 
Affected dogs have defective humoral and cellu lar 
immune responscs and arc susteptible to infection. 

DlllinOll1 
Blood samples often show a severe anaemi:a :and 
thrombocytopenia (Morris et al., 1993). The total 
white cell count may be normal, increased or low, 
with variable numbers of abnormal immature 
lymphocytes in the peripher:al blood. Bone 
marrow examination reveals diffuse infiltration 
with lymphoblasts :and suppression of erythroid, 
myeloid and megakaryocyte d ements. CytO
chemical suins may be needed to differentiate 
All from other acute leukaemias. 

Manall.ment 
The response to antineoplastic therapy in dogs with 
All is poor due to rapid disease progression and 
death resulting from major haemorrhage or infec
tion ensues. Improved survival times may be 
sccured in a minority of cases with combination 
chemotherapy (leiferand Mal'us, 1985). Bone mar
row transplantation after total body irradi:llion 
may offer more extended remission, but intensive 
supportive therapy is needed :md in most cases this 
approach is nOI a prattical proposition. 

Chron Ic lymphocytIc leullalmla (Cll) 
This form of leukaemia is characterized by the 
abnormal proliferation of small lymphocytes. In 
Cll the bone marrow is primari ly involved from 
the outset:md lymph node enlargement is usually 
leu marked. 
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Clinical signs 
e ll may be diagnosed incident:tlly following 
haematologieal examination to investigate a non
specific problem such :ts weight loss or inap
petence. There may be a long history of vague 
signs such as lethargy, reduced ;lppctile, intermit
tent vomiting and diarrhoea, feve r, polydipsi:t and 
polyuria. Mild to moderate lymphadenopathy is 
common and hepatosplenomegaly (splenomegaly 
may be particu!:trly pronounced) and mucosal 
pallor are frequently present. Signs referrable to 
hyperviscosilY may occasionally be evident. 

Dlagnolls 
HaemalOlogical examinal'ion generally reveals a 
non-regenerative anaemia (possibly regenerative 
if setondary haemolytic disease is present). 
Platelet counts are usually low normal or slightly 
reduced and total white tell counts are dassically 
markedly increased due to lymphocytosis. 
Absolute lymphocyte counls are in the range 
$-100)( 10' I-I. Circulating lymphocytes arc well 
differentiated, i.e. they have the appearance of 
small, mature lymphocytcs. The bone marrow is 
progressively replaced by neoplastic lymphoc),H.-s 
and ASpiration may be difficult in adv;tnted uses. 
Most dogs with e ll show normal serum globu
lin values, but more than 50% show a monoclonal 
peak on electrophoresis (Leifer and Matus, 1986). 
In most c;lses this was IgM and about half were 
positive for Bence-Jones proteins in the urine. 

Manallement 
The prognosis for CLl is generally better than 
for ALL, but the: course of the disease m;ly be 
exu emely variable. Some may remain quite well 
without treatment for some time. If anaemia and 
systemic signs :tre present then treatment is advis
able. Both cyclophosphamide and chlorambucil 
(0.2 mg kg· 1 orally once daily fo r a w~k reducing 
10 0.1 mg kg-I) have been used in combination 
with prednisolone, chlor;lmbucil having less seri
ous side eHetlS. Pulse therapy may be beller th:an 
continuous maintenance therapy. A more rapid 
remission c:an be induced initially with vincristine 
used in conjuncrion with the above. Appropriate 
supportive therapy may be required in cases wit h 
paraneoplastic complications such as anaemia or 
hypercalcemi:t. Frequent haematologital moni
toring of patients is necessary. 

Multiple mye/oml 

This is a neoplasm of plasma cells proliferating in 
the bone marrow associated with either an IgG or 
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Table 45 .9 Pathogenesis of thrombocytopenia 

Defective pldtelel production 
Drug·lnduced marrow hypoplasia 
ChemlcaUtoxic marrow suppression 
Idiopathic marlow aplasla!pancytopenla 
Chronic mleclJOIlS, particularly viral amI nckettsial 
Myt!lophUlisis 
Antibodies directed agalllS\ megakaryocyles 
Cyclic IhromOOcylopema 
Otlt!r rare genetic de/eelS 01 bone marrow 
Radiation exposure 

Accelerated platelet nmoval 
Immune-mediated destruction 
Consumption In mlcroanqlopathic conditions (Ole, 
vasculitis) 
Acute inlections 

Pldle/el sequestration or lOss 
SplenomeQaly 
Vascular pooling 
Acute ongomg haemorrhage 

Hislory and cllnicallindlng! 
Idiopathic 'f.,'ITP is mo re common in young adult 
dogs. Females arc affected slightly mort' fre 
quently Ihan males and ecruin breeds appear 10 
be predisposed. Analysis of positive antiphHclcl 
antibody tests at the Universit y of Cambridgl' 
rc\'calcd over-represent,uion of spaniel breeds :lI1d 
Dobermann pinschers (unpublished d:tta). The 
onset of disease may be acute or more ins idious in 
chronic cases. The typical clinic:tl siSns in IMTP 
are pClechial and ecchymot ic haemorrhages on 
the skin and mucosal surfaces (Figs 45.11 and 
45.12). Nlclaena, haem:uuria, epistaxis and scleral 
and intraocular haemorrhages (Fig. -15.12) may be 
observed. Dogs with primary I~ITP may appear 
genernlly heahhy in other respects, although a 
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precipitous f2 11 in platelet numbers may result in 
fatal gastrointestinal haemorrhage or bleeding 
involving the centn.l nervo us system. Systemic 
signs in secondary [MTP depend on the nature of 
the underlying primary disease process. 

Dlallnosls 
C linical signs ;Ire associated with p];uc1et counts 
of the order of 50 x 10' '-I and below. Young shift 
platelets may be present in blood snu'ars. Direct 
immunoflu orescent st2ining of a periphef21 blood 
smear (blood collecled inlo EDTA) m:l.y demon
Strate the preSenee of :l.utoamibodies on platelets. 
but false negative results do occur. An indirecl 
fluorescent antibody test 10 detect antipl:l. lelel 
antibodies in patient pl:l.sma has also been 
described (Kristensen l't al., 199430) but this teSI 
has been shown to be less sensitive for the diagno
sis of IMTP than dir«t detection of pl:Helet
bound antibodies (Lewis et al., 1995). Bone 
marrow examination is indicated 10 rule OUt 
causes of inadequate platelet production. Findings 
in IMTP include increased numbers of actively 
budding meg:tk:l.ryocytes and increased numb~rs 
of plasma cells. Immunofluo rescent siaining o f 
bone marrow meg:l.k3.ryocytes may be positive 
when neg3.tive results arc obt":tincd in peripher.ll 
blood S:l.mples due 10 inadequa t~ p):tldet numbers 
Oain, 1991). 

Manallement 
Treatment o f underlying disease should be initi
ated 3.S :l.ppropriate. For management of lMTP 
prednisolone is the drug of fi rst choic~ at doses of 
2-4 mg kg-' day-' di\·ided bid. Stero ids USU3.lIy 
have 3. rapid effect since they interfere with 
phagocytic removal of antibody-co3.ted platelels 
:lS well 3.5 being immunosuppressive. If :I. rise in 

Fillure 45 .11 Clinical signs of thrombocytopenic purpura. (a) Petechial and ecchymotic haemorrhages on the skin 01 
the ventral abdomen; (b) small petechial conjunctival haemorrhages. Courtesy 01 J.K. Dunn. See colour plate. 
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a b 

Figure 45.12 Clinical signs 01 thrombocytopenic purpura. (a) Extensive scleral haemorrhage. Courtesy 01 J.K. Dunn. 
(b) Relinal haemorrhages. Courtesy of the Journal of Small Animal Practice. Sal colour plate. 

platc!et count is not observed within two to three 
days then addition of furthe r drugs to the treat
ment regime is indicated. Vincristine is hc!pful 
si nce it encourages shedding of platc!ets from 
megakaryocytes and is immunosuppressive. A 
dose of 0.25-0.5 mg m ol should be given intr:t
venously :tnd rna}' be repe;uro once o r twice :tt 
weekly intervals. Cases which :tre refr.actory 10 

this combination may require cyc1ophosph:tmide 
o r azathiopri ne using the s:tme doses as for 
AIHA. Once the platelet count exceeds 100 x 10' 
I-I the dosage o f drugs c:tn be gradually tapered 
over a period of weeks to months. The minimum 
treatment period is usually around 3 months. 

Cases of acute thrombocytopenia aS50ciated 
with potentially serious haemorrh:tge benefit 
from platc!et-rich plasl1l:ttransfusions. In a series 
of cues reported b}' Jans ct Ill. ( 1990), dogs which 
received platelet-rich plu ma had :t bemr long
term prognosis and it may be that transfusion has 
some modulating effect on future autoantibody 
production. The initial prognosis in IMTP must 
be guarded si ne{' fatal haemorrhage can occasion
alty occur. Although many cases respond well to 
treatment and suffer no further episodes. a signi
ficant number have repeau:d rebpses :tnd l1l:ty 
require permanent therapy to maintain the 
platelet count abo\'e 75-80 x 10' I-I. Alternate day 
prednisolone and azathioprine, using the lowest 
possible Ill:tintenance doses, should be used in 
such c:tses. Splencctomy may be helpful in the 
m:tnagement of these cases of chronic refr:u:tory 
IMTP. 

Drull- Induced bone marrow suppression 
A number of drugs cause bone marrow suppres
sion in a predict'able and dose-related way includ-

ing cytotoxic drugs. o{'strogens, heparin, 
phenylbutazone and gold compounds whereas 
others, including sulphonarnides, prirnidonc and 
phenobarbital may occasionally cause marrow 
suppression (Peldman, 1989). Although all cell 
lines in thc marrow may be affected, the effect on 
megak:tryocytes and thus circulating platelet 
numbers is generally the earliest sign. Of these 
drugs it is oestrogen compounds which have been 
most commonly associated with clinical cases. In 
somt' animals irreversible bone marrow suppres
sion may be seen after the usc of oestrogenic 
drugs at norlnal recommended dose rales on a 
single occasion and this probably represents all 
individual idiosyncratic response (Teske, 1986). 

Hlslory and cilnica llindinlls 
A history o f a recent illness o r other problem 
requiring the administration of one of the above 
drugs is sought. for example misalliance and uri
nary incontinence are common reasons for the use 
of ocslrogens. It should be nOted that endogenous 
hyperoestrogenism may occur in association with 
functional Sertoli cell tumours. Gener.alized bone 
marrow suppression may result in anaemia, 
neutropenia and thrombocytopenia, i.e. true pan
cytopenia. Affected animals may present with a 
hislory of intermittent pyrexi:t. have:t tendency to 
bleed, and arc susceptible to recurrent infections. 
Bone marrow aspir.ates arc hypocellular and 
histopathological examination of a trephine core 
biopsy may show evidence o f myelofibrosis. 

Diallnosis 
A presumptive diagnosis is made on the basis of 
the clinical signs and typic:tl h:tematological and 
bone marrow findi ngs with a history of having 
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Figure 45 .13 The role 01 vitamin K In the activation of 
cloning factors 

Figure 45.14 laterallhoracic radiograph 01 a dog with 
pleural haemorrhage due to vitamin K antagonism. 

1lIerapy 
The specifi c amidOic in vilamin K antagonism is 
the active form, vitamin KI (Kon:'lkion, Roche). 
Doses of 0.5-2.5 mg kg-I dai y in divided doses for 
" week :!ore usually adequate for warfarin poison
ing. However, the half-life of diphacinone and the 
second gener:tt io n rodenticides such as bromadi· 
olone is far longer than that of warfarin (Moum et 
aI., 1986) and inadequate dosing and premature 
cessation of themp), m:l)' be responsible for 
relapses of clinical signs and lifc-thrc;l!cning 
haemorrhage. When it is known that a long
acting anticoagulant has been ingested doses of 
5 mg kg-! two to three times daily for at lea.n three 
weeks arc recommended. Prolonged therapy may 
be necessary in some cases (Hall, 1990). Since 
anaphylaxis may occur in ;l.ssociation with the 
intravenous administratio n of vitamin K

" 
some 

authors advise against this route. However. both 
intramuscular and subcutaneous injections may 
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precipitate haemalOma formation and these routes 
should be avoided. O ral absorption is good, and 
this author prefers an initial intravenous loading 
dose (1-5 mg kg-I) followed by oral dosing. 

The PT promptly rerurns to normal with 
appropriate therapy, but if therapy is withd rawn 
too soon it will become prolonged again. The PT 
should be checked 48 h after cessation of therapy 
and if significantly pro longed (30% longer than 
control) therapy should be reinstituted for a 
further two to three weeks. 

In animals suffering from respiralOry distress 
and/or hypo volaemic shock, plasma o r whole 
blood transfusion is indicated to supply clotting 
factors and expand the plasma volume. Exercise 
restriction (cage confinement if possible) is essen
tial. Thoracocentesis shou ld be :lItempted afler 
therapy has been initiated only in animals which 
are severely dyspnoeic. 

With proper management of life- threatening 
bleeding episodes and adequate duration of 
vitamin K therapy the outcome in mOst cases is 
fav ourable. 

HepatiC disease 
Many of the clolting factors as well as inhibitors 
of coagulation arc sYlllhesized in the liver and, 
moreover, active clotting fa ctors in the circulation 
arc cleared by the liver. In addition, there may be 
qualitative and quantitative alterations in platelets 
in liver diseases. Animals with acute, diffuse liver 
disease. in particular acute hepatic necrosis or 
diffuse tumour infiltration, may present wilh a 
bleeding diathesis. Chronic liver conditions such 
as portosystemic shunts often result in increased 
clotting limes but arc rarely associated with signs 
of spontaneous haemorrhage. 

H islOry ;md clinical signs indicative of liver 
involvement will be evident. Labo ratory tests of 
coagulation reveal elevation o r bo th [Yf and 
APTT tests. Increased plasma concentrations of 
alkaline phosphatase and alanine aminotrans
ferase confirm the presence of liver damage; 
increased bile salt concentrations indicate hepatic 
dysrunction. Treatment is primarily supportive 
and the prognosis depends on the natu re and 
severity or the hepatic pathology. 

Disseminated Inlravascular coaoulallon (DIC) 
ole o r disseminated intrav;l.scular thrombosis 
(DIT) is a d isorder of both primary and secondary 
haemost'asis. It is also known as consumption 
coagulopathy. Generalized o r diffuse activation 
of haemostuis occurs, triggered by seyeral mech
anisms including release of t issue subSlances into 

o 
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s ll(~pherd breed remains. Screening o f animals is 
practised in the U K and Australia, with reStric
tions on registration imposed by the Kennel Club 
10 try and control the problem. 

Faclor IX defiCiency (haemophilia B. Christmas 
disease) 
Like F.VIII deficiency, factor IX (F.lX) defi
ciency is a sex-linked inherited condition, 
which is clin ically identical to F.VIIl defi
ciency. since both factors are active at the same 
po int in the coagu\;nio n cascade. As with 
F.VIII deficiency, prolongnion of the AP I I is 
seen. F.IX deficiency is less common than 
F.VI II deficiency. It has been reported in 11 
breeds in the USA (Verlandcr et al .• 1984) and 
a moderate form of the disease has b~n 
described in a spaniel cross in the UK 
(Littlewood el al .• 1986). This latter dog suf
fered from only occasional bleed ing episodes 
in association with trauma and dental extrac
tions which were successfully managed by 
plasma transfusion and the dog was mainl'ained 
as a pet until o ld age. More rceentiy factor IX 
deficiency has also been reponed in a famil y of 
German shepherd dogs (Feldman ct al., 1995). 

Faclor X deficiency 
FaclOr X (EX ) deficiency has been reponed in 
cocker spaniels in the USA (Dodds, 1973) and in a 
Jack Russell terrier (Cook e1 ai., 1993). The pat
tern of inherit;tnce is autosomal dominant, with 
variable severity of clinical blecd ing. Severely 
affected pups die young at only a few weeks of 
age, those that survive to adulthood being mildly 
to moderately affected. Since EX is in the com
mon pathway, both PT and APTf clotting times 
arc prolonged. Bleeding episodes arc managed by 
plasma transfusion. 

Factor XI deficiency 
This severe and often lethal bleeding d isorder has 
b«n reponed in spri nger spaniels, Pyrenean 
mountain dogs and Kerry blue terriers (Dodds and 
Kull, 1971; Dodds, 1977; Knowleret ai. , 1994). It 
has an autosomal dominant pattern of inheritance. 
The APT)' is prolonged in screeni ng tests. 

Factor VII deficiency 
This condition has been identified in several 
colonies of beagles and has also been 

described in the Alaskan malamute (Spurling, 
1980). The bleedi ng tendency is usuall y mild. 
Inheritance is autosomal dominant, with 
heterozygotes being asymptomatic. Coagula
tion screening tests reveal a prolonged PT but 
normal AP1"T. 

OIher inherited detatts 
There arc occasional reports of other rare inher
ited disorders including hypofibrinogenaemia, 
dysfibrinogenaemia and hypoprothrombinaemia 
(Fogh and Fogh, 1988). 

• Thrombotic disorders 

H ypcrcoagulable Slates arc uncommon in canine 
patients, but embolic complications may arise 
secondary to othcr disease processes. e.g. hyper
adrenocorticism. Acquired antithrombin III (AT 
I II) deficiency has been identified as the causative 
mechanism in a number of thrombotic disorders 
in dogs. Glomerulonephropathy leads to urinary 
loss of a number of important proteins including 
AT III. and dogs with concentrations of less than 
50% have a high risk of thrombotic complications 
(G reen. 1988). 

AT III becomes depleted in patients suffering 
from ole and AT IU measurement has been 
found to be helpful prognostically in this condi
tion. AT III concentrations are also reduced in 
liver disease. but the corresponding reduction in 
synthesis of clotting factors tends to balance 
any tcndency to develop a thrombotic tendency. 

A case has blocn described in which a lupus
type anticoagulant was identified in a dog 
suffering (rom haemolytic anaemia and fatal 
pulmonary thromboembolism (Stone et /11.. 
1994). Antiphospholipid antibodies occur in a 
number of human patients with systcmic lupus 
erythematosus and a number of other diseases. 
but this is the first documented case in a dog. 
Although coagulation tests show abnormal 
prolongation of tests of the intrinsic pathway 
(WBCT, ACT, AMT) patients with antiphos
pholipid antibodies aTe at risk from thrombotic 
complications r;J.ther than bleeding, as in the 
dog described above. 
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2-3 weeks then on alternative days; Couto, 
1992b). Ultimately about 30% of cats with 
MDS progress to AM L o r, less frequently , acute 
lymphoblastic leukaemia (ALL) (Couto, 1992b). 

• Lymphoprollferatlve disease 

The role of FeL V infection in the devdopment of 
lymphoid neoplasia in the c:n is well recognized. 
As in the dog, there may be bone marrow invoh'e
ment in cases of multiuntnc lymphoma. In such 
cues anaemia is common, though not always pre
sent, with variable circulating lymphocyte counu. 
The diagnosis is confirmed by identification of 
abnormal lymphocytes in bone marrow and 
lymph node aspirates or histological examination 
of biopsies. Survival t imes for caU with lym
phoma are shoner rnan those reported for dogs. 
Combination chemotherapy may result in sur
ViV2i times of between six and nine months with 
only 20% of cats surviving longer than one year 
{CoutO, 1992c). 

Lymphoid leukaemia 

Acutl lymphoblastic leukaeml. (All) 
lymphoid leukaemia in the cat is usually lym
phoblastic and has a rap id clinical course. large 
numbers of neoplastic Iymphoblasts :lre found in 
the circulation and infi ltrating the bone marro w. 
There is usually a profound anaemia. The prog
nosis for ALL is poor although slightly better 
than AML, survival times in response to 

chemotherapy varying between one and seven 
months (Couto, 1992b). 

Chronic lymphocytic Ilukllml. (Cll) 
ell is a more slowly progressive condition char
acterized by the proliferation of a monomorphic 
population of small, well-differentiated lympho
cytes in the bone marrow. large numbers of 
these cells are present in the circulatio n and the 
total white cell count in some cases may be as 
high as 200 x to' 1-'. Progression to a blast cell 
crisis may result in death. Compared to the dog, 
repons of e ll and long-term survival in cats arc 
scarce, but one cat treated with chorambucil and 
prednisolone survived for five years (COUto, 
1992b). 

Multiple myeloma 

Occasional cases of multiple myeloma may be 
encountered in the cat. C linical and laboratory 
findin gs are as for the dog. 
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• Platelet abnormalities 

Thrombocytop.nl, 
Primary immune-mediated thrombocytopenia is 
much less frequently encountered in the cat than 
in the dog and only three cases have been reported 
(Halliwell and Gorman, 1989). The thrombo
cytopenia which is seen in association with a 
number of viral infections in the cat may well 
ha\'e an immune-mediated component. 

As in the dog, failu re: of platelet produttion 
may be a feature of conditions involving the bone 
marrow, including neoplasia, with abnormalities 
in other cell lines also present. Thro mbocytopenia 
may be a featu re of FelV-reb.ted myelodysplasia 
(sec above). Bone marrow examination is indi
cated in such cases. 

Abnorm,lItles of plallll.' function 

Chldiak4tigllhi syndroml 
This autosomally recessive condition has been 
reported in a line of blue-smoke Persian cats with 
yellow eyes. There is abnormal granulation of 
platelets and granulocytes (Menard et a/., 1990). 
Clinical signs of a bleeding tendency due 10 defec
tive platelet functio n and recurrent infections may 
be seen. 

von WiIIlbnlnd 's dlslISI 
Feline vWD has been reponed in a Himalayan cat 
(French et al., 1987). 

• Coagulopathies 

Acquired co'gulatlon d.f.cts 

Vitamin K antagonism 
Although not common, coumarin toxicity may be 
encountered in the cat. It is usually the result of 
ingesting poisoned rodents rather than direct 
ingestion of bait. The clinical signs may include 
pulmonary haemorrhage and bleeding from other 
sites. The diagnosis. principles of management 
and monitoring of cases i5 as fo r dogs. The dose of 
,·itamin K recommended for C:t1S is 1-2 mg kg-' 
daily, with an initial double: loading dose o r two 
doses given on the first day. 

Disseminated intrnISCular coagulation 
DIC has not been widely reported in the cat. It 
has been recognized as a complication of severe 
infections such as panleucopenia. Fel V -induced 
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I BLOOD TRANSFUSION IN THE DOG 
AND CAT 

A num~r of conditions m:ty r~uir~ Ih~ use of 
whole blood or blood component transfusions. 
The use of transfusion (henpy in :t large number 
of cases hu been rcvicw«i by SlOne" et al. ( 1992) 
and Callan ct al. (\996). This topic is covered morc 
fully elsewhere (Pilcher and TurnwaJd, 1985; 
Turnwa.ld and Pilcher, 1985; Comr, 1991) and 
general principles only will be considered here. 

Whert: possible, the clinician should se1«t the 
most appropri:lu~ product to treat the needs of the 
individual patient. The options include whole 
blood. p:l.ckcd r«l ctUs, fresh or fresh-frozen whole 
p1u ma. platelet-rich plasm:l. ;l.nd cryoprecipitau~. 
Funhcr fractiomnion of plasma is possible, but 
rardy (if ever) used in veterinary medicine. 

• Donor considerations 

BIDDd groups 

or the eight canine erythrocyte antigens recog
nized DEA 1 :tntigens (DEA 1.1 and 1.2) and 
DEA 7 ar~ the most i mmunog~nic. Th~ id~al 
dono r should be neg:ltiv~ for these blood groups. 
Although pr~-cxisting isoantibodies are not a sig
nificant problem in canine tr.ansfusion medicine 
and do not c:mtt acute tn.nsfusion reactions 
(unlike the cat), anti-DEA 7 isoantibodies m<l)' be 
responsible for a delayed incompaubility re:tction 
resulting in reduced lifespan of the transfused red 
cells. Anti-DEA 1 isoaOlibodies are not present in 
dogs which have nev~r been tn.nsfused pr~vi
ously, but an immun~ response will occur within 
seven to ten days of administl'11tion of incompati
ble blood to a dog. Sub5~quent incompatible 
transfusions will elicit a rapid and s~vcrc reaction 
(Gelens cr al., 1992). 
Th~ incid~nce of typ~ B cats is less than I % of 

the DSH cat population, but may be up to 50% in 
some pure breeds (Giger. 1990). Sinc~ up to 35% 
of type A and all of type B C:IIIS carry n:uuTally 
occurring isoanribodi~5 10 for~ign blood group 
antigens, the potential exists for a transfusion 
reaction with the first transfusion of incompalible 
blood to feline patients (Auer and Bell, 1986; 
Giger and Akol, 1990; Giger and Bucheler, 199 1). 

M, n, gement of donors 

Animals maintained u blood donors should be 
adult animals in good he<llth and free of infections 
which may be transmitted in blood (red cell para-
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sitcs, toxoplasma, FeLV, FIV, FIP). Donor dogs 
preferably should be at least 2S-30 kg to allow 
removal of large quantile! of blood. Regular 
monitoring of body weight and haematological 
parameters should be performed. in addition to 
dinical examination. Donor animals may be used 
as frequently as cv~ry thr~~ to four w~eks, provid
ing th~y ar~ on a high plan~ of nutrition. 
Approximately 15% of blood volume may be 
safely rcmov~d (this equates to :approximately 
13.5 ml kg-I for dogs :and 10.5 ml kg-I fo r cats). 

• Slarago and dollvery 

Commercially availabl~ blood b:lgs containing 
citrate-phosp hatMextTose-adenine (CPD-A) 
are appropriate for collecting and storing c:lnine 
blood. For felin~ blood an "ppropri:lt~ volume of 
anticoagul:ant can be taken from a b"g into a 
syring~ to allow collection of small volumes o f 
blood (7 ml anticoagulant p~r 50 ml blood). R~d 
cell viability is maintained for up to a month. 
Beyond this th~ !:til in pH and lactate production 
due to glucose metabolism rcsultS in increased 
rigidity of ~rythrocyus, and reduced concentra
tions of 2,3-diphosphoglycerate in red cells 
r~sults in dC'Cr~w oxygen releas~ to tissues. 
H eparin can ~ used in the ratio of 625 unitS 
h~parin per 50 ml blood, but this anticm.gulant 
hu no prcservni\'e propcnies :tnd blood muSt be 
used within 2+-48 h. 

Blood collection p:!'cks with $:ltdliu: or transf~r 
bags allows s~paration of pl:lSma by squ~~u 
de"iccs ",ftu c~ntrifugation . Slow thawing of 
frozen plu ma at 40<: and c~ntrifugnion provides 
,?'oprecipitate, which incre:lSes th~ conc~ntration 
o "WF and F.VlII comp:lrro to whol~ plasm". 
The details for producing component products 
have been described by Authement t!t al. (1987). 

Whole blood, pack~d c~lIs and platelet-rich 
pluma (PRP) should be stored at 4»C. Platelets 
(in PRP o r whol~ blood) should ~ ust'd within 
8-12 h of collection. Pluma and pluma product! 
can be frozen and stored for up to three months Oi l 

-200c or Oll~ y~ar at -700<: without a significant 
decrease in concentration of clotting factors. 

• Patient considerations 

Crossm,tch 
Major :tnd mino r crossmatching is a simple and 
ess~ntial pT~requi5it~ to successful transfusion. 

u 
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Table 45.11 Melhod for crossmatching bloOd lor translusion 

1 Take blood from pallen! and dooor(s). In EDTA or ACD 
Spin and separal, plasma 
Wash ce:/Is 3 times In warm Isotonic saline 
Make a 3% cell suspansion 

2 laber three tubes tor lach donor: Major. Minor, Conllol 
Add cells and plasma (serum) as !ollows; 
Major: 2 drops donor cells added to 2 drops palleAl plasma 
Minor: 2 drops patient ceDs added 10 2 drops donor plasma 
ContrOl; 2 drops palient ceos added 10 2 drops palient plasma 

3. Incubate 30 m~ a137o(; (or room temperature) 
Spin genlly, 280 g. lor 1 min 
look lor l\aemolySis 
Tap 10 look for aoo1utinaUon 
MICroscopic examination lor agglutination 

The major crossmatch detects recipient antibodies 
to donor cell, and the mi nor crossm:lIch detects 
.lntibodies in donor plasma to recipient cells. The 
method is outlined in T able 45.1 I. 

Admlnlstral/on 

The amount of blood required C.ln be calculated 
from the fo llowing equation: 

Volumc {ml). Duiled ri~ in PCV >c pa<i~nt blcxwl volumc >c 100 

PCV of dom,td blood 

The blood volume of dogs is about 90 ml kg-I and 
that of ellts is 70 ml kg-'. An llhernative rule of 
thumb is that 1.1 ml of blood per kg bodywcight 
raises the rev by 0.0 1 11-' when the rcv of the 
transfused blood is 0.40 II_I. 

Plasm.l .ldministered for management of coagu
lopathies or hypoprotcinaemia should be gi\'en at 
doses of 6-10 ml kg-I and repeated tWO or three 
times daily as required. 

All blood products should be warmed 10 J7"C 
before administ ration and given through a gi\' ing 
set which includes a blood filter. Filters for use 
with syringes can be obuined for fcline transfu 
sions (Monojeet-type filter needles, Sherwood 
Medical. C rawley, Surrey, UK). The r.ue of 
infusio n of blood products should nOI exceed 
1 ml kg-I in normovolaemie p:lIients although 
in acute blood loss rates of 10-20 ml klfl may be 
given safely. 

• Complications 

Potential complicatio ns include .lcute (Giger ('t 

al.. 1995) :and delayed haemolytic reactions and 

reactions to leucocytC5, platelets and plasma pro
teins. To minimize the risks of these reactions :an 
antihistamine, e.g. diphenhydramine (Piriton) 
may be administered intravenously before trans
fusion. G lucoeorticoids are indiC.lted if such reac
tions occur. Non-immunological reactions which 
may occur include septic complic:ations due to 
administration of contaminated blood, circula
tory overlo:ad, thrombosis :and hypothermia. 
Dogs receiving multiple transfusions may occa
sionally become hypoca1c.lemic (excessive vol
umes of ciuate, if administered quickly, may 
chelate ionized calcium) o r suffer iron o \·crload. 
There is also the potential for disease trans mis-

• 
510n. 
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I INTRODUCTION 

The eye is a unique organ which by its very func
tion, can be observed in great detail ohen allowing 
direct visualization of pathological change and 
rapid dilgnosis. Its response to disease can be dele
terious to function, therefore early diagnosis and 
appropriate mooication to modify this response is 
required. This chapter starts with a brief descrip
tion of the examination of the eye, then using an 
anatomical approach considers the ocular diseases 
of the dog and then finally covers those conditions 
of the cat which arc unique to this species or differ 
from those describoo in the dog. 

Conditions 01 the fundus 847 
Condijions 01 the optic nelVe and optic aise 854 
Neuro-ophlhalmology 855 

OCUlAR CONDITIONS OF THE CAT 851 
Conditions of the globe and orbit 851 
Conditions of the eyelids 858 
Conditions of the third eyelid 859 
Conditions 01 the conjunctiva 859 
Conditions involving the tear lilm 860 
Conditions of the cornea 860 
Conditions of the anterior uvea 861 
Glaucoma 863 
Conditions 01 the lens 863 
Conditions 01 the posterior segment 863 
Neuro-ophthalmology 865 

I HISTORY TAKING 

A fu ll clinical hislol"}' is an essential part of any 
ophthalmic examination. The signalment can be 
very useful: many ocular conditions. particularly 
in the dog, are breed related and some develop at 
characteristic 3gCS. The order in which clinical 
signs develop can also be useful and should be 
ascertained by careful questioning, a5 should the 
speed of onset, rate of progression and details of 
any treatment already administerOO. Ocular dis
orders can result from systemic disease, Iherefore 
the animal's general health and medical histo ry 
should be determincd. 
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FIgure 46.3 Bilateral exophthalmos in a young English 
springer spaniel with lymphoma. Both third eyelids are 
protruded due to the orbital swelling. There Is also 
anterior uveal involvement. 

• Retnction of a painful eye 
• Ho rner's syndrome 
• Loss of o rbital tissue - dehydration, cachexia, 

masticatory musc1l" atrophy, neoplastic 
destruction 

• Tissue contracture, e.g. contracru re of extra
ocular muscles following myosi tis 

I Traumatic proptOSiS and prolapse 01 
the globe 

Proptosis is an anterior displacement o f the globe 
whereas prolapse is the d islocation of the 
globe beyond the plane of the eyel ids which 
occurs relatively easily in brachycepl13lic breeds. 
Accompanying intraocular and optic nerve dam
age may be present and learing of the extraocular 
muscles (especially the medial rectus) can, in the 
l ong-u~rm, result in a squint. Prompt treatment is 
required. The cornea should be kept moistened 
until the globe can be replaced and a temporary 
tarsorraphy perfo rmed. Surures are removed once 
the swelling has resolved. 

• Other trauma to the globe 

Blunt trauma to the globe can cause severe in ju ry 
such as rupture of the globe or luxation of the 
lens, hyphaema and retinal detachment. 

CONo1T10NS OF THE EYELIDS I 825 

I CONDITIONS OF THE EYELIDS 

• Ophthalmia neonatorum 

Infcetions sometimes develop in the conjunctiv3.l 
sac before the eyelids open. The fused eyelids 
appear swollen and a small amount of purulent 
d ischarge may escape fro m the medial canthus. 
Corneal penetration can develop if the condition 
is not treated promptly by opening the lids along 
their line of fu sion using fine, blunt-ended 
scissors. Material should be collected for culture 
and the conjunctival sac irrigated thoroughly. 
A.ntibiotic ointment should be applied frequently 
unti l the infcetion has resolved and tear produc
tion has become established. 

• Macropalpebral fissure 

Breeds such as bloodhounds, Saim Bernards and 
d umber spaniels have an oyerlo ng p31pebral 
fissure 3ssociate.d with a 'diamond eye'. Brachy
cephalic breeds often have 3 m:l.crop3lpehr31 
fi ssure and 3n inadequate blink result ing in an 
exposure keratitis. Surgical shortening of the eye
lids may be required. 

• Abnormalities 01 eyelid position 

Entropion 

Inturning o f the eyelids is common in dogs and is 
probably inherited in some breeds (Gelati, 1991). 
Eyelid hai r contacts the cornea causing discom
fort, increased lacrimation, blepharospasm and 
even ker3titis o r ulceration. The age of o nset dif
fers between breeds. Some, such as the shar pei 
can develop entropion shortly after the lids open. 
A temporary eversion of the eyelids using ' t:l.ck
ing sutures ' may be suffic icm Ire:l(mem in such 
cases (Johnson et al., 1988). Some breeds, such as 
retrievers and the chow chow develop entropion 
at a slightly bter age. Permanent surgical eversion 
of the affected porrion of the lid is often requ ired 
in these cases (Gelau, 1991 ). 

Upper eyelid entropion/lochi3sis, in which the 
eyelid turns in and hairs on iu outer surface arc 
di rected onto the cornea, o hen coupled with 
lower eyel id ectropion occurs in older English 
cocker spaniels. The d rooping and inturned upper 
eyelid may cause ulcer-nive keratitis and also 
obscure vision (Fig. 46.4). A procedure to evert 
the lid 3.nd create ;a band o f hairless skin ;adj;acent 

00 0 



828 I DISEASES OF THE EYE 

gland an: the most common. Other neoplasms 
include squamous papilloma, melanoma, seba
ceous adenocarci noma, histiocYlOma, maslO
cylOma, basal cell carcinoma and squamous cell 
carcinoma (Robens et al., 1986). Complete surgi
cal excision is the treatment of choice. 

I CONDITIONS OF THE LACRIMAL AND 
NASOLACRIMAL SYSTEMS 

The tear fllm, consisting of lipid, aqueous and 
mucus layers, coats the corneal and conjunctival 
surfaces and is extremely imponant in maintain
ing a healthy and functional ocular surface. 
Drainage of tears to the nasal chambers occurs via 
tlle nasolacrimal system (Fig. 46.8) . 

• Keroloconjunclivili •• Icco (KCSj 

KC5 primarily resul ts from a deflciency of the 
aqueous phase of the tear 111m. It can occur 
congenitally or, more commonly, as an acquired 
problem. The commonest cause is a probable 
immune-mediated destruction of the lacrimal 
and nictitans glands. Drug IOxiciry (for example 
sulphonamides), systemic disease (for example 
distemper), trauma and dener\'ation of the lear
producing glands are other possible causes. The 
West H ighland white terrier has a strong breed 
predilection for KCS with approximately .35% of 
cases in the U K occurring in this breed (Sansom 
and Barnett, 1985). Other breeds commonly 

• 

• 
• 

Figure 46.8 Diagram showing tear production and 
drainage. 

Figure 46.9 Keratoconjunctivitis sicca in a 6-year-old 
Irish water spaniel. Note the typical tenaceous muco· 
purulent ocular discharge and the resulting superficial 
keratitis. See colour plate. 

affected include the Engl ish cocker spaniel, cava
lier King Charles spaniel. English bulldog, Lhan 
apso and shih tzu. 

Clinical signs 

KCS is usually a chronic condition with an insid· 
ious on5el. Init ially il may present as a recurrent 
conjunctivitis. but typically more severe ocular 
surface pathology develops. Tenacious mucopu
rulen! matcri;ll accumulatcs within the conjuncti
val forni ces and adheres 10 the corneal surface 
(Fig. 46.9). Conjunctival hyperaemia, thickening 
2nd pigmenlation arc features; the cornea lacks 
lustre and de\'clops a pigmentary superficial ker
atitis. Corneal ulcer.llio n occasion;l l1 y occun and 
may be complicated by secondary bacterial infec-. 
lion. 

Acute onset of KC5 is less common, but often 
resultS in corneal ulceration and even perforation. 

Diagnosis 

Diagnosis is based on hislOry, clinical signs, visual 
assessmen! of the tear 11 1m and measurement of 
aqucous tear production using the Schirmer tear 
Icst (511). Dogs with clinical signs of KC5 
usually have SIT levels below 10 mm min-I. It is 
not uncommon for more severely affected eyes to 
ha\'e SIT lcvels of 0 mm min-I. 

o zas 10 radIVO 



830 I DISEASES OF THE EYE 

FIIIUr146 .10 Scrolling alIne third eyelid in a great Dane. 

scrolled po rtion of c;trtibgc "ia an incision 
through the bulbar conjuncli\':ll surf:lcC' (Gd;au, 
1972). 

I Prolapse ollhe nlctltans gland 
(Fig. 46.11) 

'me probpsw gland appurs 2J:l pink swelling in 
the med ial C2nth:ll region (cherry eye). As the 
gland com ribUl(,s signifiCJ.nliy to the prccorncal 
I~r film it SllOUld be prcservctl. Suturing the pro
lapsed gl;md to the orbit;!.1 rim is an effective Ir(';114 

men! (Kasw:an and Martin, 1985). 

FIIIUr14ti.11 Prolapse ollhe nictitans Oland (cheny eye) 
in a young bulldog. 

• Inflammations 01 the third eyelid 

Plasma cd l infiltration (pluma cell conjunctivitis) 
of the (r« border of the third eydid resulting 
in dcpigmcm;uion and pink/ purple thickcning 
occurs in some breeds, nOiably the German shep
herd dog. h rna)' accompany chronic supcrllcial 
keratitis (pannus). Topical cyclosporin or cor
ticosteroids can help com rol the condition. 

• Foreign bodies 

Foreign bodies sometimes lodge between the 
third eyel id and the globe. This area should 
always be examined if the presence of a foreign 
body is suspccted. 

• Neoplasia 01 the third eyelid 

Ncopl;uia of the third eyelid is uncommon. 
Reported tumours include adenomas, adenocarci
nomas and squamous cell carcinomas. 

I Protrusion 01 the third eyelid 
(Fig. 46.3) 

Protrusion of the third eyelid is a common sign 
which may resul! from a number of causes (Table 
46.5). 

I CONDITIONS OF THE CONJUNCTIVA 

The conjuncti .... l lines the inner surface o f Ihe eye
lids and is reAttted at the fornix to overlay the 
globe as the bulbar conjuncti ... a. Goblet cells 
within the conjunct iva (of greatest density within 
the fornix) produce mucus which is an importam 
constituent of the Icar film. The normal canine 
conjuncti ... al sac o ften harbours low numbers of 
bacteria such as staphylococci and diphtheroids. 

• Conjunctivitis 

Conjunctivitis occurs commonly. II must bc 
differentiated from o ther causes of a 'red eye'. 
H yperaemia, irritat ion and discharge (serous to 
mucopurulent) afl~ signs of eonjuncti ... al inAam
muion. There arc m211)' factors which predispose 
towards conjuncti ... itis (Table 46.6). B2cteriai con
juncti vi tis usu211y resoh'cs quickly if no prcdis-
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Flguttl 46.12 Non-pigmented dermoid In a young 
Bassett hound. The dermoid is affecting the lateral 
cornea. Hairs can be seen on its surface. A keratectomy 
can be used to remove it. 

conjunctiva or cornea, usually I:uerally. Surgical 
removal is required . 

• Acquired conditions 

Kttralills 

Corneal inflammation may be superficial. or deep. 
ulcer.llive or non-ulcerative. Inflammation results 
in d iscomfon, opacity (oedema, scarring or pig
mentation) and vascularization. Corneal vascular
ization may occur at varying depths within the 
cornea (fable 46.7). Kerati t is results from infec
tion, trauma, irritation, chemical burns, lear fi lm 
abnormalities (as previously described), immune
mediated problems, or systemic disease. 

Utcerative keratitis (Fig . 46 .13) 
A corneal ulcer is a fulllhi ckncss loss of corneal 
epithelium, which may be accompanied by a loss 
of stroma. It results in discomfort or pain, exhib
ited as blepharospasm and increased lacrimation. 
T here are many eausts of corneal uletration 
(fable 46.8). 

Table 46.7 Dilfereoces between superficial and deep corneal vascularization 

Ongin 01 vessels 

Are they seen crossing the limbus? 

Appearance 

(. J 

Stroma--

Superllclal'l3scullrlza1lon 

ConJunctIVal vessels 

Yos 

BranChing WIthin superficial layers 
01 cornea 

(b) «J 

Deep vascularizl1lon 

Vessels WJthln deeper layers of sclera 

No. Obscured by scleral shelf 

Deep straight vessels appearing at limbus -
'paint brush like' 

(OJ 

Figure 46.13 Diagram oJ a corneal section showing various depths of ulcera lion. (a) A superficial indolent type ulcer 
with underrunning of the surrounding epithelium. (b) An ulcer eKtending to mid·stroma: this type 01 ulcer may deepen 
rapidly and surgicallnlervention may be required. (c) A deep ulcer: surgery to support the weakened cornea while it 
heals may be required. (d) A descemetocele: corneal pene!falion is imminent. 
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CONDITIONS OF THE CORNEA AND SCLERA I 835 

Table 46.9 Aetiology of corneal oedema 

Aetiology Mechanism 

Corneal ulceratioo • Allows Huid Irom tear film access to stroma 

canine adenovirus 1 infection • Antlgenlantlbody deposition In endothelial ~Is causes 'blue eye'. eg Inlectlon WIth CAVt 
(Of historically use of IIV1I CAVt vaccine) can cause It 

Anterior uveitis • Endothelial cells may be ailected by Inflammation or toxic by·produtlS 

Glaucoma • Il\Creased Intraocular pressure can force flUid mlo COfll!a and damage endothelial cells 

Anterior lens luxation • A patCh 01 oedema results from comacl between IUKaled lens and endollle1!um 
• Oedema may also resUlt tram secondary glaucoma 

Iatrogenic • Inexperienced intraocular SUlg!Ons may damage endothelial cells 

Trauma • II damag!s endoltM!lial cells 

Endothelial dyslrophy • A gradual loss 01 endOlllellal cells occurs resulting In progressive oedema. Epithelial bullae 
may form and rupture caus1no superficlil ulceration 

Crystalline stromal dystrophy (Fig. 46.17) 
Lipid is deposi ted in the centr;ll superficial 
corneal strom:t r~sulting in :t whit~/grey circular 
or ring-shaped opacity. Thc epithelium is intact 
;tnd the lesions are not usually clinically signifi
cam (cf. lipid kCl'Jtop;uhy). Typically both eyes 
arc affected although the lesions may not be bilat
erally symmetrical. This condition is seen in the 
rough collie, Shetland sheepdog, cavalier King 
Charles spaniel, German shepherd dog and sev-

Figure 46.17 Crystalline slromal dystrophy in a German 
shepherd dog. 

el'Jl other breeds (Crispi n and Barnett, 1983). The 
Siberi;ln husky suffers from a second fo rm of 
crystalline stromal dystrophy in which lipid 
deposits ma), be more extensive and invoke the 
full thickness of the corneal stroma (MacMillan ct 
al. , t 979). 

Corneal endothe lial dystrophy 
This cond ition results in a progressive loss of 
endothelial cells and progressive corneal oedema 
(Gwin ct al .• 1982). It has been described in 
Boston terriers and chihuahuas although other 
breeds, notably the English springer spaniel, m:!.y 
also be affected. Medication is inefftttive in pre
venting progression of the lesions. 

Other comB.,llpid depO$itlons 

Lipid keratopathy 
Lipid deposition may follow corneal (l'Juma or 
injury, or m:iy be sttond:lry to other ocular dis
ease, or circulating lipid abnormalities (Crispin, 
1987). The lesions arc vascularized. 

calcareous (calclllc) corneal degenerallon 
Calcium and lipid deposition in the central super
fi cial corne:!., sometimes accompanied by ulcera
tion, is occasionally encountered in elderly dogs. 
H ypercalcaernia and ul'Jemia are reported to be 
predisposing factors (Whitley, 199t). 

ComB./lncluslon cysts 

These are white, raised, non-ulcerated lesions 
which consist of an epithelial-lined cavity filled 
with :lmorphous white material. Excision is . 
CUI'J\.Ivc. 

elQ radlVo 
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Eplscl8rllls and selBrilis 

Episdcrit is is d ivided iOlo nodubr :md diffuse 
forms. There is oru~n corneal involvement. The 
lesions are usually responsive to cort-ico5ll:roids 
although surgical excisio n may ~ rtquired. 
Inflammation in\'olving the sclera may also aff«t 
the adjaccnI uveal trJet. 

Neopllsla 01 comel lind scl,ra 

limbal meiano nl:lS ;l. rc the commonest fo rm o f 
corne;!.1 orsderal nooplasm. Gcrman shcphcrd dogs 
;arc most commonly aff~'Cled . l imbal melanomas 
usually occur in older dogs and arc only slowly 
progressive. Younger dogs arc sometimes affected 
by a mo re invasive form of limbal melanoma 
(Marlin. 198 1). They appt':lras pigmented, smooth. 
raised lesions which arise al the: limbus 2nd 
encroach into the adjacent cornea and sclera. 
Surgical excision is feasib le if performed early. 

Other corneal and sclen.ltumours are uncom
nlon. 

I CONOITIONS OF THE ANTERIOR UVEA 

• Congenllal condilions 

Mesod,rm,1 dysg,nesls 

Occasionally a lack of differentiation o f the ante
n o r chamber occurs resuhing in congenital blind
ness. This has been reponed in the Do bennann 
(Peiffer and Fischer. 1983; Lewis t!t al., 1986). 

P,rsist,nt pupillary membranes (Fig. 46.1) 

Thcsc abnormal remnants of embryonal blood 
vessels originatc fro m the antcnor surface of the 
iris and may insert on the iris. antcrior Icns cap
sule or cornea. They arc inherited in the basen ji 
(Barnen and Knight. 1969). 

Other cong,nital conditions of th' Iris 

These include iris coloboma (a portio n of the iris 
is absent), iris hypoplasia and heterochromia 
irides (i n which there is a congenital difference in 
iris colo ur. either between the twO irides o r 
within o ne iris). 

• Acquired condilions 

Uveitis (Fig. 46.18) 

Innammatio n may invoke the anterio r (iris and 
ciliary body) and/ o r posterior (cho roid) u\'eal 

Figure 46.18 A SI Bernard suffering from the uveoder' 
matologicaJ syndrome. There is some foss of pigmenta
tion in Ihe eyelids. Uncontrolled uveitis has resulted in a 
secondary glaucoma with globe enlargement, splits in 
Oescemet's membrane (corneal siriae) ana episcleral 
ana conjunctival congestion. See colour plate . 

t!'.lCt. Adj;acent structures such :IS cornea, sclen.., 
lens and retina may also be involved. U \'ei tis is a 
serious, sight-threatening conditio n. 

Table 46.10 ind icates some aetiologies of uveitis 
in d ogs. The signs ;and sequelae of ;amerior uveitis 
arc listed in Tables 46. 11 and 46.12. 

Treatment of anterior uve itis 
Ther.lpy in most c:ues is symptomatic. If the aeti
ology has been identified it should be specifically 
treated. whenever possible. 

Ami-i"flammatory dr/fgs to suppress sight
threatening int raocular inflammation arc of prime 
importance. Corticosteroids arc useful topically 
and systemically. Topiu l corticosteroids which 
un adequately pcnet!'.lte :1n intact cornea should 
be used (for example prednisolone acetate). 
Subconjunctival corticosteroids may be used to 
achie\'e high drug levels within the C)'e although 
there is significant and n.pid systemic absorption 
from this si te (Regnier and T o ut'.1in, 1991). 
Topical and subconjunctiVJ.1 steroids sho uld be 
a\'oided if the cornea is ulcerated and sY5lemic 
stero ids may be contraind ic'.1t'ed if bacteraemia or 
systemic mycoses (rare in UK) are suspected. 
O!'.ll prednisolone at all initial dose rate of 1-
2 mg kg -I day-I is suggested. 
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Tlble 46.18 Surgical control 01 glaucoma 

Method 

Damage ciliary body 10 reduce 
aqueous production 

• Diathermy 
• Cryosurgery 

· "", 

Commenh: 

• Mar1led mllammation 
• Posl frl!i!ling rise In tOP and risk 01 

retinal detacllment 
• causes some inllammatory reaction 

• Intravilreal gentamicin (25 mol • Also destroys lelma (nOI lor VIsual eyes) 
and dexameUlasone injeCtion (1 mg) 

FI~ratlon procedures - create 
alternative aqueous drainage paillway 

Many procedures described. Tile best 
results are from Ifle use 01 a dramage 
tube and plate_ See Gelan (1992) lor a 
leView. 

Speciallsl procedure (Bedlord 1989) 

Enucleation T ranspalpebrat or subconlunctiVal To treal painful blind eyes 

+-"'~ 

Figure 45 .22 Diagram of a cross section of an eye with 
iris bomM which has resulted from posterior synechiae 
formation preventing aqueous drainage lrom the poste
rior chamber through the pupil into the anterior chamber. 

Treatment 
Uveitis should be treated aggressively. If an iris 
bombc is starting to develop, mannitol (used with 
care, in case it crosses the blood:aqueous barrier) 
and c.ubonic anhydrase inhibitors can be admin
istered to lower the lO P. Mydriatics can help 
break down the synechiae. Miotics shou ld be 
avoided. Surgic;ll iridtttomies h;lve a poor success 
rate. The prognosis is very guarded. 

Secondary to lens luxation 

Primary anterior lens luxation can result in 'pupil 
block' and secondary glaucoma (Figs 46.23 and 
46.26). Sec under the conditions of the lens. 

Figure 45.23 Diagram of pupil block resulting from an 
anteriorly luxated lens. 

Secondary to neoplasia 

Uveal neoplasia may interfere with aqueous 
drainage. 

Secondary 10 intraocular pIgment deposition 
(Fig , 46,24) 

Ocular mclanocytosis in cairn terriers resulls 
in sttondary glaucoma (Petersen-Jones, \ 990a). 
Uveal pigment is liberated into the aqueous and 
becomes deposited \·entrally in the anterior 
chamber, eventually occluding the drainage angle. 
Raised scleral and episcleral pigment patches are 
:1150 present. The resul[;lnt glaucoma has :In 
insidious onset and is generally intractable. 

I CONDITIONS OF THE LENS 

The lens is a transparent, biconvex structure (Fig. 
46.25). It is positioned in the patella fossa of the 
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anterior face of the vitreous. The vitreous is firmly 
attJehed to lh~ posterior cap5ul~ of the lens. 
Zonular fibres run (rom the lens cqu:u or 10 Ihe 
ciliary body thUl holding the I~ns in position :tnd 
allowing aceommod.1lion (which is limited in Ihe 
dog). New lens fibrcs au produced thro ughout 
life. 

Figure 46.24 Glaucoma secondary to pigment deposi· 
tlon in a Cairn terrier. A large pigment patch is visible on 
the ventral sclera and a line 01 pigment is deposited ven
trally in the anterior chamber and can be seen through 
the cornea. 

NucieA 
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c,""---

'\ ___ PO$Ieriof eal*oIe 

Postllriot suture 
lines (ilwerted Y) 
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H)ollklid 'omnanI 

~---..... 

Agure 46.25 Diagram 01 a cross sectlon 01 the eye 
showing the leatures 01 the lens. 
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• Primary Ions IUlalion (Curtis , 1990, 
Fig. 46.26) 

This is :tn inhcrited condition which :trf«ts the 
terrier breeds Oaek Russcilierrier. Tibetan terrier, 
Scalyham terrier. miniature bull terrie:r) and the 
borde:r collie:. It is occasionally see:n in other 
breeds and cross bre:eds. Aff«tcd dogs arc cypi
Collly three 10 six ye.lr5 of age. Gr:adu;l,1 zonul.lr 
breakdown allows the: Ie:ns to move relative to the 
rest of the globe unde:r the: dfcets of inenia. Lens 
insubility and iridodonesis ('i ris wobble') arc 
early signs. best del«ted when closely viewi ng 
the :mterior chamber from an oblique angle, JUSt 
afler an e:ye movement. Zonular breakdown 
allows strands of vitre:ous to pus anteriorly 10 

appear through tile pupil as faint wisps of slightly 
translucent material. EveOlu:tlly the lens luxate:s 
fully . Most Ie:nse:s luxate: anteriorly through the 
pupil and will often cause: a ' pupil block' and sec
ondary glaucom:t. In addition to the: signs o f glau
coma an arca of corne:tl ocaem:t just \'enlrallo the 
centre of the cornea develops, d uc to COrll:tct with 
the lens. Somelimes the amcriorly luxated lens 
moves posteriorly through the pupil into the 
vitreous. and the lOP returns to normal, but the 
palch of cornc.l1 ocaema rcmains. 

Figure 46.26 An anteriorly luxated lens in a TIbetan 
terrier. Aqueous drainage past the lens was still occur
ring in this eye, therefore a secondary glaucoma had not 
developed. 
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Treatment 
Anteriorly luxated lenses should be surgically 
remo\·ed. Osmotic diuretics arc used preopera
tively to reduce the lOP. Referral to a veterinary 
ophthalmologist equipped for intraocular surgery 
is recommended. The lens of the second eye will 
also luxate at some stage and owners should be 
warned of this. 

• Secondary lens luxalion 

This may occur secondary to glaucoma. c.tt'aract 
formation. trauma or associated with uveitis. 

• Calaracl 

A cataract is an opacity of the lens or its capsule. 
Cataracts may bc classi fi ed by their stagc of dcvel
opment: 

• Incipient - very early lens changes. 
• Immatu re - the cnti re lens is not yet involved 

and a fundus rcflex can still be seen. 111e fundus 
may still be visible by indirect ophthalmoscopy. 

• Mature - the lens is totally opaque. It may take 
up fluid and swell (i ntumescence). 

• Hypermature - liquefaction of cataractous 
matcrial occurs. This leaks out through the 
capsule causi ng a low-grade uveitis and some
times a secondary glaucoma. The lens shrinks 

lIble 46.19 Aetiology of cataracts 

Category Elamptes 

CongenItal • Inllenled 
• in utero Insult 

in size and the capsule becomes wrinkled. 
Significant clearing of the visual axis sometimes 
occurs and sight may be restored. A dense rem
nant of cataractous material is sometimes left 
ventrally within a relatively clear lens capsule. 
This is known as a rnorgagnian cataract. Retinal 
detachment may be associated with hyper
mature cataracts. 

There arc several causes of eJtaract as listed in 
Table 46.19. 

Congln/I,' c.t.rB" (Fig. 46.1) 

These are oft en associated with microphthalmos 
and other ocular abnormalities (fables 46.20 3.nd 
46.21 ). They arc often non-progressive. If the 
opacity is mainly :lXial use of a mydriatic may help 
the anim3.l 'sec around' the opacities. 

H8f8dllary eatarBell 

Several breeds of dog are reported to suffer from 
inherited cataracts. These follow a characteristic 
pallern in most instances. Before condemning :l 

dog as having hereditary cataracts it is important 
to ascem.in thJt it follows the characteristics for 
that particular breed. T ablcs 46.20 and 46.21 show 
details of the cataracts known, or thought to be 
inherited in the UK. The BVAlKCIISDS eye 
examination scheme liter.ature lists breeds with 
known inherited catar.aClS in tile UK 
(BVAlKCIISDS. 1994). 

Inherited • Age 01 onset, rate 01 prooresSlOn and appearance 01 cataract. depends on breed 
(see Tables 46.20 and 46.2t) 

Secolldary to other ocular disease • Glaucoma 
• UveitiS 
• GeneralIZed progresslve retinal alropl\y 
• Chronic lef1s luxation 
• Persistent hyperplastic primary VltleoUS 

Trauma • Penetrallng wounds wtllCh damage the lens capsule 
• Blunt trnuma 

Metabolic • Diabetes melhtus 
• HypoparathyroidISm 

T odc or dietary • Orpl\aned puppies led Inappropriate milk substitutes 
• Various drugs and toxJns are reported to be cataractooenic 

Avlors 0 zas~ e 10 gradivo 
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Table 46.20 Inherited cataracts in dogs as reroded on the BVAlKCllS0S eye examlnalJOn scheme Itlerature (BVA/KC/ISOS. 1996) 

TYIM 01 tllInoet ' ,"" ,II,ded fu t,,,, Modi ollnbllltl"'l RIIII1nu 

""""""'" MllIQwre schnaum Mainly !luellar sometITnes cortgl, AuIOSOlNI rec:essm Gelatt tlll. (1983). 
miCl'OIIhlllilmos Ind rliely progreulvt Some have posterior Barnett (1985) 
rolalDIY ")'SIagmllS IenllCOnUS and m~opha~1i 

Earty-onset and progressive Boston ~rrler lldateral Sjlruds trom nlJCleus and AlItosolmllllCtSSMl Barnett (1978) 
suture hoes, ~cIs to total cataract 
Surts 8-10 wks 

CMlierl(mg Progrewve. bilateral aoo symmetrical Unknown Barntn (HISS) 

CI''' ......... IIecomes 10131111 young allyn 

German s/le9herd Bilateral. slowly progresSIVe, Starts as Autosomal rectSSMI Blmen (1986) 

'" vacl/Ole$ at 5uture lines at 8 wts 

M!I1talure sdlnauzer Similar to Boston terrier {urty-onset Autosomal receSSM! Blrnen (t978) 
t~1 

01"_ 8,lati!fal, asymmetncal, prOllrtSSl'It U"""""" Blrtlen (19781 

""'pO" Starts all monllls-2 yws 

Stallords/lilt bull Similar 10 Boslon terner Autasomalrecess/Ye Barnett (1978) 

."'" 
SWIOard poodle Brlateral. symmetncal. plOQressM. Autosomal flII"A>SSlve Aubin and FJoweI'5 

comcal, Starts Irom 5 montns (19721: Barnel1and 
Startup (1985) 

Wets/l $Ilrinoer BllalemJ. symmetncal prOllressiYe. AuI050llW recessIVe Barnett (1980) 
s~1'M1 corttcal vacuolat~, Starts from 8 wits 

Posterior, polar cataracts- ChKlpeakI! Bly Posterior polar cataract, IN'f InvolVe ? DomIl1Inl wrth Gelatt tit II (1919) 
11Iet:1 conHuence oj $IIIure IfllriIftr suture tllleS and equatOllil1 Iru 01 lens Irnmplete penelrance 
Ilnes.lnvel1ed V·shaped, as w MJy fJroolflSS. 
triangular Of pyramidal GokIeo retriever Typical posterIOr polar subcapsular 1 Domll1lnt WIth CurtIS and Barnett 

~taracl at conlluence of SutUfe lints. inComplete peoeuance (1989) 
A seeood pfllIIresSl'le 10rm eAlSts whICh 
IS betleved 10 be due 10 same gene 

llIbladoi rMrilver Similar 10 golden retriever ? Oomtl1lnt wnn CurliS and BafMtt 
Intomplele penetrance (1989) 

urge MUnsler1lrnder SImilar 10 golOeo retr~r U, ...... Barnett (1985) 

Siberian Husky Inverted V shape ? AlJlosomaI recessive PeltIer (1982) 

Other /om1$ 01 cauract Amencan cocker Onset 2 montllS..fi ye.ars Variable Autosomat r"",,we VaMly (1918) 
spaniel appearance non·symmetncal, stationary 

or plOQressM 

Boslon terrier OrtSellrom 3-1 D years. Subcajlsular. Uok' ..... CUM (1984) 
(2nd lorm) anterlDf radial wedges (spoI(es) from 

equator 

Norweolill buhllnd Onset from 3-IlTIOIltlts PosterIOr polar "" .. ~ Barnett (1988) 
caurae! wiUt etlensKWlS around the 
suture lines. AnteriOr conex may I)I! .-

Metabolic cataracts 
Diabetes mellirus is a common cause of cataracts. 
The resulting cataractS usu:l.lly develop r.lpidly 
and progress to maturity. Hypocalcaemia such:l.s 
that resulting from hypoparathyroidism C,1I1 

result in the formatio n of multiple small, line:l.r or 
punctate opacit ies in the anterior and postl.'rior 

subcapsular cortical region of the lens (Kornegay 
fIla!', 1980). ·nlcse do nO[ affect vision. 

Treatment of cataracts 
Tile only treatment for cataracts is surgical 
rcmov:tl, employed once the callracts signifi
cantly impair vision. Using newer techniques 
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Tabl. 46.21 Breed-related cataracts which may be inherited (most are 'under investigation' in the BVA/KC/ISDS eye scheme -
BVA/KCIISDS. I996) 

Typ. 01 cataracts Breeds Relerlnces 

Congenital associated WIth 
multiple ocular abnormalilles. 
eg, microphthalmos. persistent 
pupillary membrane. abnormal 
lens Shape. retinal dySplasia 

cavalier King Charles spalliel 
Dobermann 

Kartstrbm and Dublelzlg (1984) 
lewis et a/. (1986) 

English cocker spaniel 
Golden retnever 

Old EnglISh sheepdog 
Rottweiler 
Rough cOllie 
Standard IlOOdle 

Olesen eta/,( 1974) 
Gelatt (1972): Barnell and Grimes (1975)
quoted by Barnell (1978) 
Barrie et al. (1979); Balliett (1985) 
BVAlKCIlSOS (1994) 
BVAlKCIlSOS (1994) 
BarlMltt and Startup (1985) 

West Highland while terrier Barnett (1985) 

Congenital Golden retriever Ge\an (1972) 
Old English Sheepdog 
West Highland white lerner 

Kocfl (1972) 
Narlstrom (19Bl) 

Early developing 

Late onset 

Belgian shepherd dog 
Blchon tns6 
French bulldog 
BolOer collie 
Gritton Bruxellols 
Reid spaniel 
lancashire heeler 
leonberller 
TIbetan terrier 

YOf1cshlre terrier 
Border terrier 

removal of immature: c;uaracn is succcnful, 
indeed at this stage there: are: fewer compl ications 
than :lSsociated with remo\'al of mature o r hypcr
mature cataracts. This is a skilled procedure best 
Icrt to veterinar}' ophthalmologists (P~tersen . 
Jon~s, 1990b; Nasisse et al., 199 1). 

• Nuclear sclerosis 

The continual production of lens fibres results in 
progressive compression and loss of hydration of 
the nuclear a r~a. This causes a change in refractive 
index and an apparent greying of the lens nucleus 
in all o lder dogs. There is no noticeable effeci on 
vision. but this appearance is often mistaken for 
cataract formation. 

I CONOITIONS OF THE VITREOUS 

The vitreous is a clear gel-like substance within 
which a fe'w faint membranes can normally be' 
seen. It fill s the' cavity posterior to the lens. The 

BVAlKCIISDS (1994) 
BVAlKCIISDS (1 994) 
BVAlKC/ISDS (1994) 
BVA/KCIISDS (1994) 
BVA/KCIISDS (1994) 
BVAlKCIISDS (1994) 
BVAlKCIISDS (1 994) 
BVAlKC/lSDS (1 994) 
BVAlKCIISDS (1994) 

BVAlKCIISDS (\994) 
BVAlKC/ISDS (1994) 

development of the vitreous is divided into three 
phases. The primary vitreous is the hyaloid vascu
lar system which supplies the de\·eloping lens. 
This resolves and the secondary or adult vitreous 
is fo rmed. The lens zonules arc considered 10 be 
the tertiary vitreous . 

I 
Persistent hyperptastlc primary 
vitreous/persistent hyperp I astic 
tunica vasculosa Jentis 

This is the persistence into adult life, coupled 
wi th proliferation, o f the vascular supply to the 
developing lens. Typically a fib ro\·ascular plaq ue 
is present on the posterior lens surface. The lens 
capsulc is involved and the lens itself may be 
abnormally shaped and cataractous. The pres
ence of blood vessels within the plaque on the 
posterior lens capsule help distinguish this from 
an uncomplicated cataract. Persistent hyaloid 
vasculJture may also be present. IntTavitrcal or 
intralenticular haemorrhage can also occur. The 
condition is congenital and variable in its sever-
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ity with the more severc! y affected eyes ~ins 
blind. 

It occurs sporadie:tlly, but has been shown to 
be inherited in the Staffordshire bull terrier in the 
UK (Leon et al., 1986) and the Dobermann in the 
Netherlands (Sades, 1983). 

• Persl.tent hyaloid artery 

The hyaloid ;artery. which originates o n o r adja
cent to the optic disc 2nd reaches to the posterior 
surface of the lens, occasionally persists into adult 
life. On close ex:amin.uion it is often possible to 
see 2 sm21l remn:ant of hyiloid 2rtery :attached to 
the posterior surf:ace of the lens. 

• Vllr .. 1 haemorrhage 

This may result from anomalous vessels. trauma 
or retin21 d isea.se such as detachments and hyper
tensive re tinopathy. Blood within the vitreous can 
be slo w to clear. 

• Syneresis 

Vitre21 degeneration leading to liquef3 ction is 
known as syneresis. It can result from posterior 
segment d isease and may itself predispose to 
retinal detachments. 

Figure 4& .27 Normal lundus in an Engl iSh springer 
spanIel. See colour plate. 
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• Astero id hyalosls 

This is a degener;J.t ive, ofu:n age-re! ;J. tcd, condition 
in which numerous small spheric:al bodies bttome 
suspended in the vi treous and can be seen moving 
slightly under tile effttts o f inertia. They are of no 
clinical significance. 

• Synchlsls sclntltlans 
This condition is chancu:rizcd by vi treous lique
faction and the formation of crystalline deposits. 
Unlike asteroid hyalosis these structures gravitate 
ventrally. to be resuspended with eye movements. 
This is a rare condition. II may result from retinal 
disease or vitreal haemorrhage. 

I CONDITIONS OF THE FUNDUS 

I Appearance ot the lundus (Figs 46.27 
and 46.28) 

II is important to be :able to rttognize the wide 
range in normal :appeannces of the canine fundus. 

Tapelal fundus 

This is a reOectivc. brightly coloured. roughly tri
angular area positioned at and abo\'e the axi:al p;art 

Agure 4&.28 Normallundus in a golden retriever. The 
retinal nerve fibres gain a myelin sheath just adjacent 
to the sile that they Join to form the optic nerve. This 
gives the oplic disc an irregular, swollen appearance 
(pseudopapilioedema). See colour plate. 
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of the fundus. Its colour is variable, typically from 
yellow to blues and greens. Sometimes it is 
reduced in size or even absent. 

Non-tapelal fundus 

This is the ;uea of the fundus not occupied by the 
optic disc or tapetum. Typically it is:t non-rdlec
li"e d:trk brown-grey colou r. Dogs with :t light 
co:tt colou r may have a less heavily pigmented 
non-upet.t1 fundus. Merlcs often lack non-tapetal 
pigmentation allowing choroidal "cuds and 
scler:a to be visualized. 

Optic disc 

Thc optic disc is situ:ued ncar the visual axis, close 
10 Ihe ,'enlfal I:l.petallnon-tapetal junction. The 
extent of myclination of nerve fibres at and adja
cent w the disc is ,'ariable. Myelination of nerve 
fibres just prior to tile area of the lamina cribrosa 
gi,'es Ihe disc an irrcgular (' fluffy'). slightly 
elevated appe;uance (pseudopapillocdema, Fig. 
46.28). not to be confused with a pathological 
swdling of the diu:. 

Retinal ~asculaluf8 

Arterioles and vcnulcs can be identifi ed. The arte
rioles :Ire smaller and r:adiale out from the diu: 
periphery. Thcre arc threc or four larger venules 
which form a complett' or p:mial venous circle on 
the disc. 

I Congenital and developmental 
conditions ot the tundus 

Collie ByB anomaly(Fig . 46.29) 

Th is is all inherited (autosomal rC(:eui"e), congen
ital cond ition primarily arfecting coll ie brel'tls. It 
is bilateral, although nOI necessarily symmetrical. 
There is a hi gh incidence in the Shetland sheepdog 
and the rough coll ie. 

The condition is essemi3.lIy non-progressive 
and docs not seriously affect vision except in :t 
small percent3.ge of cases in which retinal detach
ment or intraocular haemorrhage occur. 

Choroid,,/ hypoplasia is the prim3.ry di3.gnostie 
lesion. The area :tdj:tcem 3.nd l:tteralto the disc is 
:tffected. There is an 3.bsence of pigment in the 
hypoplastic area allowing visu3.liZ:ttion of 
choroid:tl blood "cuds (which m:ty be abnor
mally shaped) and often sclera. This lesion is re:td
ily identified in puppies of :tbout (HI weeks of age 
:ts :t plJe patch lateral to the disc, highlighted 

Figure 46.29 Collie eye anomaly In a rough collie (left 
eye). A deep coloboma Involving the majority olthe optic 
disc is present. An area 01 choroidal hypoplasia, in whIch 
abnormal choroidal vessels are present and the under
lying sclera is showing through, is present lateral to the 
disc. 

against Iht' bluish colour of the developing fun
dus. Pigmentation which develops after this age 
may obscure the lesions of choroidal hypoplasia 
in :t significanl number of cases (Bjerkis, 199 1). 
Dogs so affected arc called 'go-normals' which is 
a r:ather misleading term because l lthough the 
lesions arc no longer ophthalmoscopically ,·isible 
the animal is still genotypically affected. 
Diagnosis is also compliutw by t],e blue merle 
fundus in which a general lack of pigmentation 
makt'S recognition of milder lesions difficult. 

Coloboll/as of the disc or adjacent arca arc also 
ft'aturcs of collie eye anomaly ha\'ing an incidence 
of aboul 30% (Bedford. 1982b). 

Retina/ dt,,.,clnnl'nts and intraocular h"cmor
rbllge affC(:t a small percentage of cases. 

Control 
All puppies should be screened 3t 6-8 weeu of 
age. Test matings arc required to distinguish the 
phcnot)'pic:llly normal c.trriers (hcterozygote,) 
from the genotypie:llly normal ani mal. 

R.lln,1 dyspllSl, IFlg. 46.30} 

This is 3. group or congeniul condi tions ch3.r:lClcr
ized by abnormal retinal differentiation. Retinal 
dysplasia is inherited in cen3.in breeds or rnly 
rt'Sult from insults in 1I(('ro. 
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Aetiology 
There are many possible C:lUSCS of posterior 
uvei tis (fable 46.25). 

or algal infections arc suspected ~ause anti
inf1:l.mmato ry med ication would be cont l':lindi
cated in active infections. 

Treltment 
Measures should be taken to identify and treat the 
cause. Th is is especially important when mycotic 

Most cases arc treated sympto matically 
usi ng systemic corticostero ids such as pred
nisolone. 

Tl ble 46.25 Posterior lM!itls in dogs 

Category Features Referencu 

Viral Olstemper Irregular locat areas ot retlnochorokhtls. WIth Jubb et al (1957) 
prOliferatIOn 01 retinal pigment eprthellum. 
Sometimes get optic neuritiS. 

Infec\lOus rhinotonsilllhs Similar lesions to distemper fontaine (1961) 

Bacterial Brucella caniS Zoonosis. EndophU\almitlS, optiC neuritis. retinlllS. GWinn el a/. (1980) 
Borrelia burpdorlerf Not proven to cause canine posterior uveitis. 
aacteraemla or septicaemia Experimentally causes mulllfocal choroiditis Meyers I t al. (1982) 

with exudative retinal detachment. 

AlCkettslal Ehrllchosis Specific to certain geographicallQCations not See CurtiS et al. (1991) 
Aocky mountain lever seen in UK. Cause a oeneralired disease as lor a re'o'lew 

well as ocular Changes. 

Mycotic Blastomycosis, Specific to certain geographICal locatIOns See CurtiS et a/ (1991) 
Histoplasmosis. rarely seen in UK. Cause a generalized for a reView 
Cryptococcosis. disease as well as ocular changes 
CoccidioidomycosiS. 
Geotrichosis 

Algal Protothecosis Specilic to certain geographical locations not See Cullis et al. (1991) 
seen in UK cause a generalIZed disease as for a review 
well as oeU1a1 changes. 

Protozoan ToxoplasmOSIS AetinochOridflis. optl<: neuritis In some. Piper et at. (1970) 
Animal may be Immunodeficient. May also 
cause pneumonia. hepatitis. encephalitis. 

LelshmanliisiS Occurs In Mediterranean countries. See CUllis et a/. (l 99t) 
Keratouveltis and endophlt\almltls. for a review. 

Parasitic Toxocara (IOtraoeuICu larval RepOl1ed to cause sllOhtly elevated nodutes- See Cuilis et al. (1991) 
mlglans) translucent In tapetal lundus and grey In lor a review. 

non-tapetal lund us. 
Ophthalmomyiasls Migrating Ily larvae - cause subretmal tracks. See Curtis It al. (1991) 

retinal haemorrhage. lor a review. 

To"" Toxic drugs and bacterial May be associated WIth retinopathies See Curtis fit a/. (1991 ) 
toxins lor a review. 

Immune l/VeOdermatological Panuveibs as well as skin changes. Kern et al. (1985) 
mediated syndrome 

Immune-mediated vasculitis Aetlnitls as well as systemiC SIgns. AandeU and HulVltz 
(1983) 

NeoplasUc and Granulomatous Chorlorelinibs. relinal detachments. optic See CUIlIS Bt al. (1991 ) 
proliteralM! menlngloencephallliS neuntis. Neurological signs. lor a review. 

ttyperviscosity syndrome Aetlnal vascular dilatation. retinal haemorrhage. See Curtis fit al. (1991 ) 
(fI.g. WIth monoclonal retinal detachment. papilloedema. for a review. 
oammopathy due to 
munlp~ myeloma) 

Hypertension Hypertensive retinopathy Serous retinal detachment and llaemorrhage. Spangler et a/. (1977) 
Systemic signs may be presenl. 

IdiopalhlC ~ have Immune· mediated Gause may be difficult to Identl~ 
baSIS 

Avk:lrsko zas~ ellO gradivo 
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I NEURO-OPHTHALMOLOGY 

• Central blindness 

Figure 46.34 shows the central visual pathways. 
h should ~ notro that in domestic animals 
more than 50% ofaxons in the optic nerve cross 
in the chiasm to the contral:n('ral optic tnet. 
Additionally a similu percentage of fib res coo
cemtd with pupillary responS(' cross back 10 the 
Edingcr--Westphal nucleus on the o rigin;!.1 side. 
This has the follow ing consequences: first. when a 
bright light is shone into o ne eye Ihe pupil of that 
eye will constrict slightly more than that of the 
contn..latt ral eye; secondly, lcosions of one optic 
[net will prtdomin:antly affect vision from thc 
contral :m~ ral eye. 

Lesions affecting the ccntr.tl visual pathways 
can cause blindness with no funduscopically 
detectable lesions. However, lesions of the optic 
nerves or tracu (i.e. involving the cenlral pro jec
tion of the axons o f the minal ganglion cells) 
resul t in retrograde axonal degeneration which 
eventually progresses to optic disc atrophy. It is 
possible to localize the site of lesions causing 
central blindness using simple examination tech
niques, having firs t performed an ophthalmo
scopic examination and electro ret inography to 
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rule out ocular c.auses o f blindness. Table 46.27 
shows the effect of lesions at various sites of the 
centr21 visual pathways on vision and pupi llary 
rcsponses. Abno rm.alit ies of the central visual 
pathways may result fro m congenital hypopl.a.sia. 
trauma. infective causes (for example distemper, 
bacteri.al .abscess.ation), neopl.a.stic and prolifera
tive conditions. 

• Anisocoria 

Anisoco ri.a, .a difference in size between the two 
pupils, may resuil fro m intraocular disease o r 
ncuro-o phthalmological disorders. 

The pupillary constrictor mustln .arc inner
vated by parasymp.athetic nerve fibres origi nating 
in the Edinger-Westphal nucleus within the ocu
lomotor nucleus and conveyed via the oculomo
tor nerve. These fibres synapse in the ciliary 
ganglion and continue via the sho n ciliary nerves. 

Lesions 01 the p,rasymp"heUc nem lupply 10 
the iris 

AHerent Irm lesions 
The effect of o ptic nerve or optic tt:lct lesions on 
the pupillary responses is described in Table 
46.27. 

, , , 
I 

J 

Agure '1.34 Diagram of Ihe cenlral 
visual pathways . 
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Tl ble 46.29 Fealufes of abnormal nystagmus 

Cllegory 01 disease hilum of nystagmus 

Congenital Fine osclIIalolY nyslagmus nol associated WIth ocular disease 
Wanderlno' or 'searChing ' nyslagmus asSOCIated with microphthalmos and multiple 
ocular abnormalities or congenital or veIY early·onset blindness 

Peripheral vestibular disease Horizontal nystagmus wilh fast phase away from the side of the lesion (plus other signs of 
vestibular disease) 

Cenlral vestibular disease Vertical nystagmus. positional nystagmus (direction of nystagmus alters if llead position 
is altered) 

Cerebellar disease Dtlscribed as a lorm 01 Intention tremor 01 the eXlraocular muscles 

"'olor deficits 

Th~ facial nerve innervates the muscles o f facial 
expression and within its initial portion conveys 
parasymp:tthetic fibres to innervate the lacrimal 
and nictitans glands. Idiopathic facial palsy is 
quite com mon (the parasympathetic nerves con
cerned with lacrimation are usually spared). The 
outer lids do not close when attempting to blink 

but the eye is retncted and thc third eyelid passes 
across the corneal surface. This spreads the tear 
film and keeps the ocular surface healthy, exc~pt 
in breeds with prominent globes in which the 
third ~yelid can not sw~ep across the entire 
corneal surface. The possibility of underlying 
causes of neuropathies such as hypothyroidism 
should be considered. 

I Ocul Conditions of the Cat I 
This section will only mention th~ conditions 
which are unique to the cat or differ markedly 
(rom those already described in the dog. 

I CONDITIONS OF THE GLOBE AND ORBIT 

• Congenllal condilions 

Multiple ocular defects are rare in cats but may 
result if the queen is dosed with griseofulvin in the 
first half of g~station (Scott ct al., 1975). 

• Acquired conditions 

Lymphosarcoma is one of th~ commoner orbital 
tumours of the c:lt. 

I CONDITIONS OF THE EYELIDS 

• Coloboma 

Eyelid colobomas occur sporadicall y in calS. The 
upper lueral portion of the eyelid is most com-

monly affected, usually bilaterally. There is a 
nnge of severity from an abnormally thin portion 
of lid, to a larg~ defect wher~ the majoriry of th~ 
lid is absent. Inadequate eyelid closure and an 
exposure keratitis results. Facial hair may be 
directed on 10 the cornea (trichiasis) thus exacer
bating Ihe situation. 

Surgical reco nstruction of the eyelid is required 
to prevent progression of the corneal pathology 
(Dziez}'c and Millichamp, \989). 

• Entropion 

Entropion secondary to painful ocular surface 
lesions is occasionally encountered (Fig. 46,37). 
Surgical correction is usually required. 

• Eclroplon 

Cicatrical ectropion can result fro m periocular 
injuries. Surgical correction is performed if con
junctivitis or keratitis results. 

AV'Dr~KO zasl!l 10 gradivo 
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tyd id to the palpebral conjunctiva. Surgcry to 
(rte adhesions ho lds a poor prognosis b«aust 
they tend to reform postopcratively. 

Dlaanosls 
Feline herpesvirus may be iso lated from conjunc· 
ti\'al and pharyngeal swabs collected into an 
approprialc transport media (for example viral 
and chlamydial transpon ml-dia). RecentlY:l poly· 
mer:lse chain rtaction-based test has been devcl
o pro to detcel the presenct o f \' ira] m:uerial. 

Treatment 
Good nuning is important and antiviral medica
tion, such as trifluo rothymidine may be given. 
Con icosteroids should be a\·oided (NasisK, 
1990). Vaccination of at- risk cats should be 
undertakcn to prevent thtm from being affected. 

• ChlamydIa psll/aellnlecllon 

This is a common caUK of fclint conjunctivit is. 
Young kittens aTe at risk when m:Hern.all}t derived 
antibody Itvcls dccreau. al tho ugh calS of all :.ges 
may be aff« ted. T )'pically tht condition starts 
unilaterally with involvement of the s«ond eyt a 
few days later. C hemosis and stro us disch:trge are 
present. Some animals may devdop a chronic 
conjunctivitis and conjunctival follicles (H oover 
ct al., 1978). 

Dllano111 
Sw:.bs collected into vin.1 and chlamydial trans
pon media sho uld be sent to an appropriate labo
ra tory fo r culture. Intracytoplu mic inclusion 
bodics may be seen o n conju nctival scrapings 
stained with Giemsa o r by flu orescent antibody 
tcchnique. Plired serum samples show l rising 

• 
mre. 

Treatment 
CMamyc/ia psitlilo IS sensitive to telflcyclincs. 
Doxycycline, at a dose rate of 5 mg kg-' da )'""l 
oraily. is useful. Tetracycline ointment should be 
lpplied to pically (Nasissc. 199 1). A vaccine is 
l vailable. but should only be used on healthy CllS. 

• Olher causes ollellne conjuncllvilis 

Mycophllma spp. may also be involvt d in con
juncti\':!.1 infections. They are scnsiliv(' to most 
to pical l ntibio tics. Reovirus, b:.ctcril and calie; 
virus arc also potC'ntial conjunctival p.:l.thogcns 
although nOI ncccssarily as primary agents. 

I CONDITIONS INVOLVING THE TEAR 
FILM 

• Epiphora 

Tear overflow is common in brachycephllic 
breeds such :u Persians. Congenital abnormalities 
of the nasolacrimal system :l, lso occur resulting 
in epiphora. Symblepharon formation may al$O 
impair norm21 tt'a r drainage. 

• Keratoconjunctivitis sieea 

Keratoconjunctivitis sicQ is uncommo n in calS. 

I CONDITIONS OF THE CORNEA 

• Dermolds 

Epibulbar dcrmoids hl \'e been reported :lS an 
inherited condition in the Birman breed (Hendy
Ibbs, 1985). 

• Feline herpesvirus keratitis 

Feline herpesvirus mly causc dcndritic (branch
ing) corneal u1ct'rs o r erosions which l re best 
demonSll'Jted by staining with rose beng:.l 
(N:uisse rl al. , 1989.1). T hey most commonly occur 
in :l.duhs. probabl)' as a result of I:n enl infections. 
Tre:. tmcnt using :.otivir:.1 drugs such as idoxuri 
dine or trifluo ro lhymid ine can be effcctive 
(Nasisse. 1991). Acyclovir is favoured by some 
clinicians although studies in tlino fai led to 
demonstrate its efficacy (Nasisse et al., I 989b). 
Stromal kerlt itis may also occur. Cornell oedema. 
vascuJariz:uion and cellu ll r infiltration are featu res 
and significant corneal scarring can result. The 
possibi lity of ;lJfcctcd ;mimais being immuno
compromised should always be considered. 

• Corneal dystrophy 

An apparent corneal endothelial dystrophy 
result ing in progressi ve corneal oedema has been 
reported in young cau (Crispin, 1982) . 

I Corneal sequestrum (corneal nlgrum, 
corneal necrosis, black bodyj 

This condition is chat:lcterized by a brown to 
black-coloured corneal lesion (Fig. 46.38). The 



Figure 46 .38 A corneal sequestrum in a domestic cat. 
This condition has a ver>/ characteristic appearance. 

aetiology is unknown but it can occur secondarily 
to chronic corneal disease. A brown staining of 
the :lnu~rior stroma., usually of the central cornea, 
is initially observw. The affeclw are:l often 
becomes black and evenlually l dense black 
plaque sloughs from the surface. Come.ll 
v:lSCul:trization lccomp:lOics m:lny lesions. 
Occasionally the lesions extend deeply into the 
stroma. There is l v:lri;lble degree of discomfort, 
wilh some lesions ;lp~;lring 10 C;luse very little 
irriution 'J.t lll. Colourpoinu arc repon ed to be 
mon commonly ;lffeclcd (Stutup. 1988). Some 
cascs u e associated with fcline herpes virus infec-

• lions. 

Treatment 
Lesions often slough on their own. Allernativcly, 
if they arc c;llUi ng discomfort they m;ly be 
removed by kcr.lIcctomy. Recurrence is common. 
Conjunctiv,,1 pedicle fbps mly be used if the 
lesions ;lre deep ;lnd m;ly prevent recurrencc . 

• Eosi nophilic keratoconjunctivitis 

This condition is manifest as a prolifer.llive white 
to pink-coloured lesion affccting areas of the 
corne;l and conjunctiva often with a whitish exu
d'J.te adherent to the surf:ace (,cotl:age cheese
like'). Sc. ... "pings from the lesions reveal 
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eosinophils or eosinophilic m:lleri:aI, in :addition 
[Q lymphocytes and plasma cells (Paulsen ct al., 
1987). 

Treatment 
Topical corticosteroids will control the condition. 
Megocslrol acetne therapy ~sults in rapid resolu
tion of the lesions, but its usc m;ly not be desirable 
because of the possibility of systemic side effects. 

I CONDITIONS OF THE ANTERIOR UVEA 

Pcn;stcnt pupillary mcmbrancs and iris cym ;lre 
occasionally encountered in cats . 

• Anterior u.eltl. 

Anterior uveilis is important because il is rela
tively common and may be a prescming sign of 
systemic disease. 

Clinical signs (Fig. 46 .39) 
Chronic u\'ei ti , is commoner in cats than acute: 
uveitis and is not usu"Uy associated with obvious 
p;l.in. There ;lre other differences in the signs of 
fel ine ;lnterior uveitis comp;lrcd 10 cani ne: ;l.nterior 
uveitis (Table 46.3 I). 

Figure 46.39 Antenor uveitis In a calloUowlOg a pene
trat ing comeal wound There is marked conjunctIVal and 
episceral blood vessel congestion and a large mass of 
inflammator>/ materiaJ can be seen ventrally In the 
anterior chamber. See colour plate. 



mydriatidcyclop l~gics is utilized. Atropin~ oinl 
m~nt is beu~r toler:at~d than drops, as e:lts find [h~ 
biu~r tasu of atropin~ panicularly unpleasant. 

• Neoplasia 01 the anterior uvea 

l ymphosarcoma is the commonest ocular neo
plasm. Primary neoplasms include mdanomas 
(pigmented or non-p igm~nted, diffuse or nodu 
lar), adenomas :md adenocarcinomas of the cili:uy 
body. Most of the primuy tumours of the uveal 
tract are malignant, therefor~ ~:arly enucleation 
should be considered and th~ prognosis is 
guard~d . Enucleation with curative intent is not 
indicated for s~condary tumours o r where 
metasutie spread has already occurred . Chroni
u lly damaged feline globes arc at risk of sarcoma 
devdopment (Peiffer et ai., 1988), therefore enu
cleation of blind and severdy damaged globes 
should be considered. 

• Hyphaema 

Hypcn ension can result in hyphaema and is often 
associated with posurior ugmenl haemo rrhage. 

I GLAUCOMA 

This most commo nly occurs secondal)' [0 anterior 
uveitis o r anterior uveal neoplasia. Anterio r lens 
luxation occurs occasionally in cau, but docs nOl 
invariably cause a secondary glaucoma. G laucoma 
in [h~ cat appars to cause remarkably little pain 
and affected individuals arc often only presented 
once buphthalmos (and often marked vision loss) 
has developed. Com~al changes due to gb,ucoma 
in th~ cat arc 1~S5 severe than those seen in the dog. 
Apan from these differenc~s the clinical signs afe 
simil:u to those described for the dog. 

I CONOITIONS OF THE LENS 

• Cataract 

Most cataracts develop secondary to penetrating 
wounds, blunt trauma or anterior uvei tis. 

• Lens luxation 

lens luxation o r sublux:uio n results from lNouma. 
glaucoma, or uveitis (panicularly that associated 
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with FIV inftttion) or calanc! forma tio n, 
Primary lens luxation is not recognized in tile cal, 
but apparently spontaneous luxations occur in 
oldef cats, Removal of anu:riorly luxated lenses is 
advisable. 

I CONDITIONS OF THE POSTERIOR 
_ SEGMENT 

• The normal fundus (Fig . 46.40) 

The tapetum is typically a yellow.,;reen colour 
but may be o range, red or occasionally blue. It 
occupies a similar position to that of the dog. Thc 
optic disc is round. nat and grey-white in colour. 
It is usually positioned just above the tapctal / non
upetal junclion, There may be a thin rim of pig
ment or hyperrenectivity around the disc. Retinal 
arteries and veins leave the edge o f the disc usually 
in three main groups, with additional vessels in 
between. The no n-upe(al rundus is normall y dark 
grey- brown with ret inal vessds visible o n its 
surface, White or ere;tm cats and Siamese cats m;ty 
ha\'e a lack of pigment in the non-tapetal fundus 
exposing the choroid and its closely aligned, 
roughly parallel vesscls. This gives a miped 
(tigroid) appearance. Sometimes choroidal vessels 
m<ly be exposed in the tapetum a5 red streaks or 
the [";tpctum may be absent and choroidal vessels 
visible o \'e:r the: e:ntire fundus. 

Allure 46.40 Normal feline lundus. Note the small and 
dark optic disc in comparison with thaI 01 the dog. See 
colour plate, 
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I DISEASES OF THE I 
I INTRODUCTION 

It hu ahen been 5U.ted that the ski n is the body 
system mOSt often invoh·etJ in requests for veteri
nary attention. Estimates vary but 20% or more 
of all cas~s s~~n in;l.n av~ngc small animal pncticc 
invo lv~ dermatology. 

In d~;l. ling with d~rm;l.lO logiC:l I cas~s, the dini. 
ci;l.n is in th~ unusual situ;uion of having the 
whole organ system aV;l.i l;l.ble for visual impec· 
tio n. Clinical signs can be rel:llw to the pan or 
pUts of skin affect~d. Recognition that d~ep~r 
nth~r than superfici;l. l u~as of th~ skin arc 
i nvo lv~d may result in dirr~rcnl Ir~alment rccem
m~ndations and prognoses. Consequ~ntly it is 
us~fu l 10 und~rsrand Ih~ no rmal structure of th~ 
skin and its appendages. 
Th~ skin is mad~ up of thre~ compon~nts : 

• Epid~rmal structu res; 
• D~rmisi 
• Hypod~rmis and panniculus. 

• Epidermal structur8S 
Surf.Ctl tlp/dtlrm/. 

The ~pidermis consists of l;J, y~red she~ts of cells 
suppon~d by ;I. syst~m of fib r~s ;l.nd fibril s adja
cent 10 the basement membran~ zon~ and 
anchored to the dermis by hair follid~5. In sm;l.ll 
animals, the epidermis is relatively thin: 1-3 cells 
in thickness or 0. 1--0.5 mm (Fakhri and Lov~lI , 
1979; Lloyd and Ganhwaite, 1982). It consists 
primarily of kuatinocylC~s developing in ord~rly 
s~quenc~ fro m th~ basal layer but also contains 
c~ lI s which ar~ no t of ~pidermal origin. These 
include the meb..nocytc and Ih~ Langh~rhans c~lI . 
It has b~en sugg~stW that th~r~ is interaction 
betwttn all thrtt cdl types in th~ mainlenanc~ of 
cutaneous int~grity . Md;l.nocytcs a r~ nOI only 
rcsponsibl~ for the di s tinctiv~ marking o f norm;l. l 
skin but hav~ an intq;nl ro l ~ in protccting ag;l. ins! 
ultnviol~t r;l.diation d;l.mage. The Langerh;l.ns 
cells a r~ immignnts from bone marrow and ar~ 
immunologically acti\'~; th~y phagocytos~ and 
process antig~n fo r pr~5~ntation 10 lynlphocYI~5 

o 



874 I SKIN DISEASES DFTHE DDG AND CAT 

Tabl, 47 .1 Historical database for dogs and cats with skin disease 

• Breed, age and gender 
• Age of onset and duration 01 the problem 
• location 01lnl1131 leslOM; and description 01 change in ctlaracter and dlstnbu!lon 
• Seasonal variation, i.e. lesions only duril'lQ certain months of the year or pr~nt all the year round 
• Determination of the degree 01 pruritus 

I. Scratcnm!l; mlkl (scratches occasionally) 10 severe (stili scratchlno in stresstulsituallons or 311110tll) 
2 OverUroomlllg or licking e>:eesslvely 

• In cootact pets or humans aHected 
• Environment 

1. Bedding and hOusing 
2. Access to sylvatic reservoirs of In fectious disease: loxes, hedgehogs, voles 

• Nutrition 
Determine that the nutritional prolile is appropriate lor age, growth, special work. actMty aoo reproduction 

• Determine the presence of syslemic signs: polyuria, polydipsia, Iethar!;IY. abdomlllal enlargement. abnormal oestrus cycles. 
lack oIl1bk1o 

• Determine the stage of reproductive cycle 
• Response to prior trUlment 

hypersensitivity disorders arc seen in the I- S-year 
age group and arc unco mmon over the age of 7. 
However, J4 % of dogs with atopy in a 
Californian survey showed clinical signs by 9 
months of age (G riffin, I99Ja). Food allergy is 
also reported to occur before the age of 6 months. 
In dogs and cats ovcr the agc of 8 years, the prcva
lence o f neoplasia and endocrine-mediated skin 
disease incre<lSe5. 

Gender predisposition to disc:tSe is important 
and collecting a full reproductive history is 
required . A crypto rchid male dog may appear to 
have been castrated and yet have a fumional 
tumour in a retained testis. 

A useful piece of history is seasonality of clini
cal signs. 

Flea allergy dermatitis may be worse in summer 
and certain plants cause contact dermatitis and 
atopic dise;ue when they are flowering. However, 
allergic signs associated with house dust mite or 
food arc non-seasonal. 

Nutritional information is essential. Not o nly 
d~s this determine the possible b:tSi5 for food 
allergy but imbalances in nutritional components 
may lead to specific dermatological syndromes. 
Generic dry foods may be deficient in fatty acids, 
high in dietary fibre and low in available zinc 
(Sousa et ai., 1988). Feeding of excessive calcium 
in r:tpidly growing dogs on a high fibre diet 
may decrease the bioavailability of zinc, leading to 
rclati\'e zinc deficiency (Van den Brock and 
Thoday, 1986). 

Dermatological diseases may reflect internal 
disorders. Vo miting and diarrhoea may be 
associated with food hypersensitivity dermatitis. 
Alopecia seen in conjunction with polyuria and 
polydipsi;t, changes in appetite, exercise intoler
ance or sexual activity ohen indicate an underly
ing endocrine cause. 

Response to previous therapy may provide a 
useful diagnostic marker. T3ble 47.2 indicates 
the expected response of some common pruritic 

Tab1147.2 Glucocorticoid responsiveness 01 common pruritiC skin diseases 

ResportSl,e 

Rea allergy dflrmatitis 

AtOpy 

Contact allef~ 

PyotraumallC defmatitis 

Partially or poorly responstwe 

Sarcoptic manoe 

Superficial staphylOCoccal 10lhc;uJitus 

Atopy with secondary pyodefma 
Demodicasis with secondary pyoderma 
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dermatoses to glucocorticoids. Skin disease in 
which bacterial infection (StAphylococcus inter
medius) plays a role may be markedly pruritic but 
only partially or poorly responsive to glucocor
ticoids. The pruritus associated with uncompli
cated atopy is frequ ently very sensitive to these 
drugs. H owever, sarcoptic mange which has a sim
ilar distribution to atopy is only partially respon
sive. Complete clinical response to a previous 
course of antibiotics suitable for S. intermedius 
implicates this organism as the major pathogenetic 
factorbuta partial response may indicate pyoderma 
secondary to an underlying disease such as allergy 
or demodicosis. 

I PHYSICAL EXAMINATION 

A full general physical examination should be 
performed before concentrating on the skin since 
the skin often reflects signs of internal disease. 

When examining the skin and hai r coat, good. 
preferably natural, lighting is essential and a 
source of magnification useful. The entire skin 
surface should be examined by sight and palpa
tion. If skin lesions are obscured by hair a 'win
dow' should be clipped allowing the clinician to 
examine areas which are likely to be less altered 
by self-trauma and secondary change. Particular 
attention should be paid to those arus that are 
less obviously visible; the periocular region, lips, 
gingiva, ear canals and pinnal margins. the foot
pads and interdigital spaces, and the perineum 
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including external genitalia and anal sacs. 
Evidence of parasi tes particularly fl eas and fl ea 
faeces can be collected as part of the physical 
examination using coat brushing or combing. 

Skin lesions are commonly described as pri
mary or secondary lesions. Primary lesio ns are 
produced directly by the underlying disease 
process. Searching for them and interpreting their 
significance narrows the diagnostic possibilities. 
They are frequently masked by secondary lesions 
produced by self trauma and grooming. 

Interpreting the various patterns of primary 
and secondary lesio ns in an individual case is 
o ften difficult. This is particularly the case in 
inflammatory skin disease. H owever, even though 
an aet iological diagnosis is rarely made based o n 
lesion recognition alo ne, it may narrow the diag
nostic possibilities to certain pathophysiological 
groups a.s illustrated in Table 47.3. This informa
tion aids planning of laboratory tests and appro
priate interim therapy. It is important to 
determine the predominant lesion as several may 
be presem simultaneously. 

Certain d iseases tend to affect specific areas of 
the skin. An uncomplicated case of flea allergy der
matitis has the cla.ssical dorsal tail h~ad and gluteal 
distribution. H owever, the distribut ion pan~rn 
may be misleading in chronic disease. A chronic 
fl ea allergy cas~ may have a mor~ generalized dis
tribution of lesions which provides fewer clu~s 
regarding the aetiology. The inital dist ribution pat
tern should be elicted by history and changes cor
related with the pan~rn at presentation. 

Tlbll 47.3 Association of some skin lesions with diagnostic category 

Primlry Inion 

Papules 
Macules 
Wheals 

Vesicles 
Bullae 

Pustules 

Nodules 

""'" 

Sec:ondlry Inion 

EJcCQriations. erosions. lichenification and 
hyperpigmentation 

Erosions, crusts and ulcers 

Epidermal collarenes 

Ulcers 

Hyperpigmentatlon. scales 

Ollllnosll 

InHammatory 
Parasitic 
Allergic 

Immune-mediated 
Autoimmune 

Inflammatory bacterial 
(immune-mediated) 

Neoplastic 
Inflammatory (inlectious or 
sterile) 

Endocrine 

Keratinization defects; 
se<:onctary or primary 
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876 I SKIN DISEASES OF THE DOG AND CAT 

I DIAGNOSTIC PROCEDURES 

• Skin scrapings and coal brushlngs 

These are somt' of the most cost effective and 
easy tests to perform in veterinary dermatol
ogy and should be routine in almost :til uses 
(other Ih:tn the most simple), All les ions asso
ciated with scale formation should be scraped. 
This also applies to all lesions of the face and 
feet, p:trticularl y in :omin",.ls less than 9 months 
of :tge, Ski n scrapings and coat brushings arc 
primarily used in the diagnosis of parasitic dis
ease, The method and site of scraping depends 
o n the suspected aetiology. For .sarcoptic 
mange the dbows, ear margins and any :treas 
with a papul:tr eruption arc the sites of choice. 
Scabies mites can be difficult 10 find in some 
cases and failu re to recover the parasite does 
not exclude the di:tgnosis; tri:tl thet;lpy is war
r:toted whenever scabies is suspected but not 
proven by scrapings, Identification of one mite 
o r egg supports the diagnosis. Demodectic 
mites reside in hair follicl es and squeezing a 
fold o f skin will aid in extruding them to the 
surface. Scraping should be continued to :t 
depth where c:tpillary ooze occurs. Demodectic 
mites aTe mo re rasily fo und and in greater 
numbers th:tn Sarcoptes scabiei. The si te of 
scraping depends o n lesion location. 

Skin sct;lpings are performed using a scalpel 
blade moistened with mineral o il. The area to 
be scraped can be gendy clipped of hair and 
also moislened with mineral o il to faciliute 
adherence of material 10 the blade, The maleri:ll 
is dispersed on a microscope slide for examina
tion. Although mineral oil is preferred by many, 
6% potassium h)'droxide may be used as an 
alternative (Baker and Thomscn, 1990), 
Ectopan.sites can normally be observed using 
the scanning (X4) objective. 

Suitable material for the diagnosis of super
ficiall y dwelling mites (Che),letielllf, Otodectes), 
small ticks and lice may bt obtaintd by :lpplying 
clear adhesive t:lpe 10 the same skin surface seven.l 
times, The tape is :lpplied 10 a slide for examina
tion. The same tcchniqut may bt used for identi
fication of the yeast, MalastezUt pachydennatis, 
bUI the tape is stained with a routint cytological 
stain (Diff Quik) and examined directly under 
high-power or oil immersion. 

I Microscopic examination 01 hair 
shalls 

This diagnostic test can be useful in two ways. 
Pluckt-d hairs may be mounted on :l microscope 
slide wilh adhesive tape and ex:tmined (tricho
gram). Where a history o f self-trauma is difficult 
to elicit, microscopic examination may reveal bro
ken and frayed proximal hair shafts indicative of 
excessive licking or biting. Examination o f the 
disul end of the hair shaft can be used to evaluate 
the stage o f the hair cycle. 

Hairs and skin scrapings can also be examined 
for the presence of funga l elements. Enimations 
of the diagnostic ,'alue vary as the tcchnique 
requires practice and experience in interprelJ.tion. 
H airs :tnd skin scales should be collected from the 
lesio ns using forceps. The collected specimen is 
placl-d on a slide and cleared of keratin. Various 
clearing agenlS have been recommended. 
Potassium hydro xide (20%) can be :ldded 10 the 
sample and gentl)' heated to decrease preparation 
time. At room temperature 20-30 min 3re 
required fo r clearing. More rapid digestion can be 
obtained with a mixture of potassium hydroxide 
and dimethylsulphoxide (DMSO) or by using a 
combination of chlot;ll hydt;lte, liquid phenol and 
lactic acid (chlorphenolac), Some authors recom 
mend mineral o il (Muller el al., 1989a). 

Hair :tnd scales are examined for the presencc of 
yeasts, conidia and hyphae. Most species of der
matophyte in ani mals produce ectothrix invasion 
o f hair shafts. Fungal h)'phae ma), be present 
within the hair shaft but their arthroconidia tend 
to encircle the su r13ce of the hair in chains or as 
a sheath. They arc relatively symmetrical and 
refractile resembling 'be:tds of mercury' on 
microscopy. A x40 objective is usuall), required 
for identification. The technique is prone to arte
fact in inexpericnced hands. Cotton fibres can be 
mistaken for hyphae and melanin granules for 
arthroconidia, 

• Wood's lamp examination 

The use o f a Wood 's l:tmp may be helpful but has 
several limitations. Of the dermatophytes affect
ing small animals Microsporum canis is the only 
common species in dogs and cats which exhibits 
fluorescence, Although repo rts vary. only 
30-40% of ca.ses identified by culture will fluo
rescc. False positive fluorescence is a common 
problem. N ormal scale, topical medic:ltio ns, d yes 
and so:tps fluoresce usually without the cI:lSsic 
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'apple green ' colour. Only fluorescence of the 
correct hue seen on short broken hairs should be 
consider~d as positive. If positive, this technique 
can aid in identifying those hairs best suited for 
direct microscopic examination :md culture but 
abs~nce of fluo rescence docs not exclude the 
diagnosis. 

• Cytotoglcat examination 

Mat~rial for cytological examin:nion c;!.n be col
I ~cted by fine needle aspir.llion o r impression 
smears. 

Impression smears arc made by applying a 
microscopc slide direcdy onto the surface of a 
lesion o r the CUI edge of a biopsy specimen. 
More practically a conon swab may be used to 
collect material from the skin or external ear 
canal which is then rolled OntO a slide. This is a 
useful technique fo r demonstrating cutaneous 
yeast infections and fo r evalu;!.tion of the cellu
lar and microbiological compo nents of otitis 
externa. For impression smears to b~ d iagnostic, 
cells from the lesion must be easily exfoliated 
and the amount of superficial debris minimal. 
Fine needle aspiration may be used to collect 
mat~ria l from pustules, bullae and nodules. 
Aspiration of intact pustular lesions is a rapid 
test for bacterial skin dise:lSe. Neuuophils arc 
d~g~nerate and intracellular bacteria sho uld be 
present. An idea of the type o f bacteria present 
will aid the empirical choice of antibiotics. 
Identifi cation of acantholytic keratinocytes 
within a pustular or bullous lesion is suggesti\·e 
of an immune-mediated process, panicularly the 
pemphigus group of skin diseases. 

Aspiration o r impression smears are stained 
with a routine cytological stain such as DiU Q uik 
for cellular cytology or with Gnm stain for 
microbiological examination. 

• Bacterial culture and sensitivity 

To obtain reliable results, material should be care
fully selected as superficial erosions and ulcers arc 
nearly always secondarily contami natl-d with 
coagulase-positive staphyloccoci. Intact pustules 
are the lesions of choice from which to obtain 
meaningful results. The pustule should be o pened 
using a steril~ 26 gauge needle and the contents 
swabbed. Bacterial culture from a skin biopsy is 
particularly useful when a deep pyoderma or pyo
granulomatous infection is presem. T ranspon 
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media is recommended should there be any delay 
in transit to a laboratory. 

The results of culture and sensitivity should 
be considered in the light of other d iagnostic 
information. The in vitro sensitivity of an 
antibiotic may not correlate with itS in vitro 
aClion for a number o f reasons. An antibiotic 
may not penetrate tile skin or a walled off 
lesion in an adC<Juate antibacterial concentratio n 
even though it achie\'es an effective blood con-

• centrauon. 

• Fungal culture 

Broken or fragile hairs and hairs that fluore sce 
under Wood's lamp arc the best specimens to 
choose for culture. If in doubt, the animal should 
be brushed with a sterile toothbrush o r Denman 
brush to give a representative sample. This is par
ticularly important in asymptomatic carrier cats. 
Samples should be placed in a dry ainight con
tai ner for transpon. As for bacterial skin d isease, 
culture fro m a skin biopsy is rc<:ommended if an 
intermediate or deep fu ngal infection is suspected, 
in cases o f nail bed infcction and when a dermato
phyte may be the cause of granu loma forma tion 
(kerion or pseudo mycetom:l.). 

The media available for isolation of fun gi arc 
cssenti:l. lly based on Sabouraud's dextrose agar 
with or without antibiotics to inhibit the growth 
of bacteria and saprophytic fu ngi. Neutral 
Sabouraud's dextrose agar and Mycobiotic media 
(chloramphenicol and cycloheximide added) 
allow identification o f fungi by colony character
istics and pigmentation but do not selecti \·cly 
identify dermawphytes. Incubation fo r 1-3 weeks 
is rC<Juired. Dermatophyte test medium (DTM) 
which consistS of Sabourauds's dextrose agar, 
gentamycin, cycloheximide, chlortetracycline and 
phenol red provides an environment conducive to 
the d ifferential growth of dermatophytes. The 
pht'nol red indicator is the basis fo r ils selective 
qualities. Dermatophytes will usc protein in the 
medium initially and the alkaline metabolites pro
duced will turn the indicator dark red. Conversely 
sapro phytic fungi will firs t usc the dell"trose sub
strate producing acid end products. In this case, 
DTM will remain yellow or amber. Evaluatio n of 
the colour change should be made daily fo r 10 
days. Many dermatophytes take 7- 10 days to 
appear but in h~:l\'ily infected specimens a colo ur 
change under the colony may be detect~d in 71 h. 
Care should be taken when results arc interpreted 
aft er tWO weeks incubation. since afte r ell"hausting 
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the carbohydrate source, saprophytic fungi will 
digest pro tein and also turn the medium red. 

Hairs o r scale should be placed into the media 
using sterile forceps. Ahernati\,d)" the media may 
be inoculated directl y from brush specimens. The 
optimal incubation temperature for all media is 
3O'>C. If DTM is left at room temper-nurc, fungal 
growth will be retarded and this should be taken 
into accou nt when evaluating the rate of colour 
change. Specific identification of fungi should 
be made from colonies growing o n neutral 
Sabouraud 's or Mycobiotic media. DTM may 
alter the colony characteristics and mask pigmen
tation. The si mplest technique fo r collecting 
material from a fungal colony is to use clear adhe
sive tape held with fo rceps so that the adhesive 
side gently brushes the colo ny surface. Thc tape is 
Ihen placed on a slide with several d rops of lac
IOphenol cotton blue and examined under the 
microscope for conid ial and hyphal characteris
tics. 

• Skin biops ies 

Information obtai ned from a skin biopsy depends 
o n three factors: the choice of the lesion biopsied, 
the method by which the biopsy is taken and the 
p:uhologist or microbiologist who interprets the 
biopsy. A skin biopsy is highly recommended in 
the follo wing dermatologieal conditions: sus
pected neoplasia. persistent ulcer.ltioll, cases that 
in the experience o f thc clinician are unusual or 
appear serious, skin diseases that do not respond 
to rational therapy and in any skin disease where 
the tentative d iagnosis involves expensive treat
ment o r is life threatening. 

If there are multiple lesions, the most developed 
primary lesion is the choice for biopsy. Multiple 
biopsies should always be taken in order to pro
vide a representative histopathological picture. If 
the lesion is small, total excision is preferred. 
Where lesions are mo re widespread, ei ther punch 
or incisional scalpel b iopsies can bt: taken. The 
biopsies should be full thickness and include the 
suocutis and some panniculus. 

Punch biopsies are usually taken under seda
tion and local anaesthesia but biopsies of the face 
and feet may require the restraint of general 
anaesthesia. When using local anaesthesia, care 
must be taken to block the area without interfer
ing with the lesions to be biopsied . Between 1 and 
2 ml of lignocaine is injected 3djacent to 3nd 
underneath the lesion. Volumes larger than this 
arc unnecessary and increase the risk of systemic 

absorption and toxicit y if multiple biopsies are 
taken or when small dogs and cats 3re being biop
sied. The area to be biopsied should be gendy 
clipped and SWJbbed with 70% alcohol. Surgical 
scrub preparation is not recommended as epider
mal pathology may be altered or o bscured. 

Correct handling of Ihe specimen maximizes 
the chance o f informative histopathological inter
pretation. Thin skin biopsies such as those taken 
from the ventral abdomen should be pinned on 
cardboard before fixi ng to prevent 'cu rling' arte
b et. Avoid handling the specimen with forceps 
except on the very periphery to minimize 'crush' 
artefact. 

Before fix3tion, the biopsy specimens may be 
divided depending on the tentative diagnosis. If 
deep bacterial or fun gal disease is suspected, sam
ples arc placed on a sterile gauze swab in an auto
claved container to which saline has been 3dded . 
If autoimmune d isease is suspected, some labora
tories require s3mples submitted in Michel's 
fixa tive. Ho wever, recent developments in 
immunostaining techniques allow the use of for 
malin-fixed specimens. For routine histo pathol
ogy, 10% buffered fo rmalin is a satisfactory 
fixative. 

Histopathology should be interpreted by a vct
erinJ.ry pathologist with an interest in CUlJ.neous 
pathology. In o rder to obtain as much informa
tion as possible fro m histopathological interpreta
tion, a fu ll clinical history and summary of 
physical findings should accompany the biopsy. 
The sites from which the biopsies were taken and 
the distribution of the lesions should be identi
fied . A tentative diagnosis might indicate 10 the 
pathologist that special stains wou ld aid the 
definitive diagnosis. This is particularly the case 
where fun gal or mycobacterial ski n diseases arc 
suspected. 

• Immunological testing 

Immunostainlng 
Immunostaining technology has improved 
gread y in recent years. These techniques aim to 
identify the presence of immunoglobulin (lgG, 
(gA, IgM) and/o r complement in intercellular 
o r basement membrane locations of the skin 
and are used in the diagnosis of aUlOimmune 
and immune-mediated skin diseases. Immuno
fluorescent tcchniques using Michel 's fixed speci
mens have largely been replaced by peroxidase 
labelling of formalin fixed tissue. This has 
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increased the sensitivity of testing (Haines t t al., 
1986; Moore tt ai., 1987) and its practicality. 
Unlike immunofluorescence, peroxidase staining 
is permanent and the sections molY be counter
suined with routine stains. Since formalin is used 
as the fixative, sections may first be evaluated for 
histopathology and if compatible with auto
immune skin d isease further sections from the 
same sample may be immunostained. 

Both false positive and false negative resultS do 
occur, however. Poor lesion choice or concurrent 
glucocorticoid usc may result in a negative 
immunostaining result and this should not be 
used to discount the diagnosis of autoimmune 
skin disease based on compatible clinical signs, 
histopathology and response to appropriate ther
apy. In addi tion, positive peroxidase staining may 
occur in skin diseases other than those with 
an autoimmune pathogenesis. Diffusion of 
immunoglobulins through the basement mem
bnne zone into the epidermis may occur sec
ondary to any infl ammatory response increasing 
permeability. Consequently, care must be taken 
in interpreting the histopathological pattern 
before proceeding to immunostaining. 

Anllnu,',,, ,nllbody (ANA) , .. ling 

A positive ANA test is primarily used as support
ing evidence to identify systemic lupus erythe
matosus. ANA antibodies are directed towards 
multiple nuclear antigens exposed during cellular 
damage. Methods for testing for ANA are not 
sWidardizecl and resultS may be variable with 
respect to antibody titre and panern of fluo res
cencc. There is debate in the veterinary literature 
as to the diagnostic significance of either of these 
factors. In addition, positive results may be 
obtained in other diseases, after therapy with 
certain drugs, ;md in some normal individuals. 

• Allargy 'asllng 

Inl"d,rm,' skin ,,,lInD 

Intndermal skin testing is used to support the 
diagnosis of atopic and flea allergy dermatitis. In 
both cases, the basis of the test is the cross-linking 
of mast cell-bound IgE and the injected allergen. 
Subsequent mast cell degranulation releases 
inflammatory mediators including histamine 
which results in a wheal and fla re reaction. This is 
evaluated at 20 min fo r an immediate reaction, and 
at 12 and 24--48 h for intermediate and delayed 
reactions. Choice of allergens is important and 
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when considering pollens, the geographical distri
bution of plant species must be considered. 
Extracts of moulds and o ther potenrial indoor 
allergens 5uch as house dust, house dust mite, epi
dermals, wool and cotton may be added to the test 
range. In Europe, house dust mites account for 
approxi m:l.Iely 80% of positive reactions in atopic 
dogs (Carloni and Comrgent, 1994). 

Standardization of extractS is curremly poor in 
veterinary medicine. Two methods 2re commonly 
used: protein nitrogen unitS (PNU) and weight 
by volume (w/v) assessment. Both have dis
advantages. The pro tein as measured by PNU 
(0.00001 mg of protein nitrogen) may include 
non-allergic components and thus may not corre
late with degree of biological activity. Weight by 
volume estimation uses the ratio of crude dry 
pollen to the volume of extracting fluid which 
may vary with the time of year. 

In most reports in the literature, testing 
without the use of tranquilli zers has been rec
ommended. However, more recentl y, physical 
restraint alone has been associated with 
incre3sed levels of endogenous cortisol in skin 
tested dogs mak ing interfe rence with test 
results a poss ibi lity. A sedati ve wi th no antihis 
tamin ic or im munosuppressive effects should 
be used. Phenothiazine tranquillizers have 
been tnditionaJly avoided for thei r antihista
minie prope rties. A combination of zy lazine o r 
metatomidine provide useful sedation, analge· 
sia and minimal interference wi th skin test 
results. 

Before intradermal testing, the animal must 
have been withdrawn from glucoconicoids, 
immunosuppressants, antihistamines and tran
quill izers. The duration of therapy, type of drug, 
dose and frequency of administntion will deter
mine the interval between withdrawal and skin 
testing but it may V3.ry from 14 days for antihista
mines to 8 weeks for long-acting glueocorticoids. 
If there is doubt about an animal still being 
affected, the reaction to a positive :md negative 
contro l injection can be evaluated. If the hista
mine re::lction is weak, fu ll skin testing should be 
delayed for at least 2 weeks. 

The skin test is performed on the lateral part of 
the thorax. Aft er geO[le clipping, the area may be 
prepared by cleaning with alcohol and injection 
sites are marked with a permanent felt -tipped pen. 
The recommended volume of allergen to inject 
intradermally varies between 0.02 ml, 0.05 ml and 
0. 1 ml depending on the author. A 25-26 gauge 
needle shou ld be used and test sites should be 
2 em apart. The teslS are read after 15--20 min. 
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ALLERGIC SKIN DISEASE 1881 

Figurl 47.4 (a and b) Alopecia and erythema around the lips, muzzle, eyes and ears in a boxer with atopy. 
Photographs courtesy 01 Michael Heritage. See colour plale. 

involved. Sensitization may involve percutaneous 
transpon of 311crgens and the tendency 10 develop 
atopy appears to have an herc<iitary component. 

Onset of signs occurs most commonly from I to 
) years and is rare before 6 months and aftcr6 years 
o f age. T he major sign of atopy is pruritus which 
may occur anywhere bUI most commonly affecl5 
the face (muzzle, eyes, cars), feet and axilla 
(Fig. 47.4). Pruritus may be seasonal initiall y. 
Clinical signs are associated with self-trauma and 
development of secondary bactcriabnd AI alasscz ia 
inf«tions and include alopecia, erythema, excori
;l.tion, hyperpigmentltion, seborrhoea and licheni
fic;l.tion depending on the chronicity of disease. 

Although fi rm di;l.gnostie criteria ha\'e not been 
agreed, the diagnosis is based on his tory, clinical 
signs and uclusion of other dise;l.ses. Positive 
intradermal or serological lest results should be 
considered to be supportive but not conclusive. 

• Flea allergy dermalilis 

Infesution o f dogs wit h the cat flea, Cte1l0-
«fJhalides felis, may result in hypersensiti\'itJ to 
fl ea u liva mediated by type I and/or type IV 
hypersensitivity reactions. A primary eruption 
with papules may be seen panicularly o n the 
caudal dorsum. Pruritus is a prominent feature of 
d isease and secondary changes associated with 
self-trauma arc common (Fig. 47.5). 

The disease occurs in summer in regions with 
cold winters but may be non-seasonal where envi
ronmental contamination of fleas is heavy and in 
warm, moist. temperate d im;l. tes. Demonstration 
of fl eas, or flea fae<:es from COat brushings and 
intraderm:ll skin testing with flea amigcn can be 

USl-d (0 suppOrt the diagnosis as can a response (0 

:In effective fle:l control programme. 

• Food allergy/inlolerance 

The prevalence of food allergies is subject to con
troversy as is the exact pathogenic mechanism 
which m3.y involve immediate 3.nd del3.yed hyper
sensitivity reactions as well as complement fixa 
tion (J-halliwell. 1987; White, 1992). Clinic:l1 signs 
3.re vari:lble, non-seasonal and may occu r at any 
3.ge. A primary eruption may be evident although 
pruritus especially of the face, cars and ventrum is 
the major sign of disease. Gastrointestinal signs 
such as vomiting or diarrhoea occur occ:lsionally. 

Di:lgnosis is by amelioration of signs follow ing 
an elimination diet and can o nly be confi rmed by 
relUrn of pruritus after rech:lllenge with the origi
nal diet. The recommended durat ion for fced ing 
an elimination diet varies with author and ranges 
from J to 8 weeks (White, 1992; Rosser, I99J:l,c). 

• Contact allergy 

Contact allergies :lfe thought to be uncommon 
and represent about 1 % of all canine dermato
logical C3.ses seen in pl'3ctice. The parhog(,rlesis 
involves T lymphocyte-mediated ddayed hypn
sensitivilY involving allergens (haptens) which 
bind to a C:lrrier protein :lnd become antigenic. 
The d istributio n of signs depends o n the source o f 
the allergen and generally :lffcclS thinly haired 
areas of skin. Potential contact allergens indud(' 
topical medications and shampoos, material on 
the ground and floo r, objects in contact with the 
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Figurl 47.5 AlOpecia and hyperpigmentation of the skin 
on the dorsum of a golden retriever with flea anergy 
dermatitis. Photograph courtesy of Michael Heritage. 
See colour plate. 

mo uth (c.g. bowls, toys) and collars and clothing 
placed on the dog. Primary lesions (papules. mac
ules) occur but arc modinl-d by sclf· t r:lum;a. asso
ciated with pruri tus. Diagnosis is hu ed on 
history, improvement o f signs o n eliminating a 
putative .a llergen. and patch tcsting. 

I Therapy 01 .anlne allergl. skin 
disease 

The prime objective for the treatment of allergic 
skin disease should be identification and removal 
of substances to which the dog is allergic. This is 
rarely practical and other mc;ms may be used to 
reduce the degree o f pruritus and sel f-trauma. 

Glucocorticoids 

These drugs are inexpensi" e and very efftttive for 
short periods of time. Use for extended periods 
of time is undesin.ble due to the potential for 
s ide effects associatro with the numerous 
metabolic effects of glucocorticoids which mimic 
those of spo ntaneous hyperadrenocorticism. 
Glucocorticoids also cause immunosuppression 
and suppression of the adrenocortical pituitary 
:lxis. Oral prednisolo ne ( I mg kg-I) o r methy l-

prcanisolone (0.8 mg klfl) daily for 7 days is rtt
ommended for induction of an anti -inflammatory 
efftt t followed by alternate day dosing. 
Combination with antihistamines and essential 
fatty acid supplemems may allow a significant 
decrease in the effective glucocorticoid dose. 

Antihistamines 

These may be used alone or in combination with 
glucocorticoids to control pruritus. The individ
ual respo nse to antihistamines is variablc and the 
cffect should be evaluated after a 2 week therapeu
tic trial. Many of the drugs have a sedative effect 
and their cost may be prohibitive. A"ailable anti 
hinamines and their dose rates are listed in Table 
47 .... Many dose rates arc extrapolated from those 
used in humans and mOSt o f these drugs are not 
licensed for animal use. 

Table 47.4 Antihistamines used to treat anergic skin 
diseases in dogs 

o~, 

HydrOXyzine 
Diphenhydramine 
Clemastine 
Chlorpheniramine 
Promethazine 
Terlenadme 

T rlmeprazine 
Cyproheptadine 
Amitryptyline 

Essential latty acids 

Dilse 

2.2 mg kg-' tid 
22 mg kg " tid 
0 .05 mg kg" bid 
0.5 mg kg-' bid or lid 
0.2-1 mg kg-I bid or tid 
10-30 mg bid (human 
do.a) 
0.3--0.5 mg kg- ' bid 
0.3-2 mg kg-' bid 
1 rug kg-' bid 

Supplementation with essential fan y acids (EFA) 
especi,llly y-linolenic (G LA) and eicosapemaenoic 
acid (EPA) provides benefi cial anti -inflamma
to ry/antipruritic effects in certain dogs with aller
gic skin disease. The success nue varies with the 
author, dose rale and the source of EFA, Using 
evening primrose oil as a source of G LA, Scarff 
and Lloyd (1992) showed marked decrease in the 
degree o f pruritus in atopic dogs whereas results 
from other studies havc been less convincing 
(ScOlt and Buefl;er, 1988; Lloyd ;md Mason, 
1993). Several authors have suggested that dose 
rates of J...4 times 111O$e recommended by the 
manufa cturers may be necessary to achieve the 
desired efftt t (Scott and Miller, 1990; Lloyd and 
Mason. 1993). 
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Table 41.5 Antibiotics used lor the treatment 01 bacterial skin disease 

Oru, Spec1rum 

Erylhromycin Narrow 

UlICOmycin Narrow 

Ctindamycin ... ,,"W 
Oxwltin Narrow 

Tfimethoprim Broad 
sulphOnamides 

Clavulamc acid """ and amoxiClllin 

Cephalexln Broad 

Emol1oxacin ."''' 

Topial anllbaclerialtherapy 

Washes 

AelI\'IIy 

Bacteriostatic 

8aclenostabc 

8acleriostalic 

Bactericidal 

8a4::tericidal 

BacterICIdal 

Bactericidal 

Bactericidal 

Topical therapy with antibacterial preparations is 
useful 10 remove scale, crust and exudate from the 
skin surface .:md reduce the numbcr of bacteria. It 
may promotc dr:tinage of deeper lesions and 
reduce pain and pru ri tus. Prophylactic treatment 
may be uscful for the treatment of recurrent 
superficial or deep pyoderma to reduce the sever
it}' and frequency of recu rrence. Care must be 
taken to ensure that the product and frequency of 
treatment arc not irritating or drying the skin. 
Products used for topical treatment of bacterial 
skin disease include chlorhexidine, benzoyl 
peroxide, ethyl lactate, po\·idone-iodi ne and 
hexitidine. 

Two per cent chlorhexidine is non-irritant and 
non-drying with broad-spectrum antibacterial 
activity for H -J6 h after usc. It may be used for 
both superficial .:tnd deep disease and can be used 
for long periods of time. Ben7.oyl peroxide 
(2.5--1%) has antimicrobial activity. is k(,Tatolytic, 
dt-grcasing and has a follicular flushing ('ffL'Ct. 
Howev('r, when used frequentl y. it can be irritant 
and drying. It is panicularly useful in folliculitis and 
furunculosis cases. An emollient bath oil or humec
tant should be used concurrently. Povidone
iodine has antibactcrial and antifungal activity 
lasting 6-8 h after application. However, it may 
causc irritation of the skin or contact all('rgy. 

Topical treatment should be uscd 2-3 limes 
weekly until clinical remission. Pododermatitis 
cases may rcquire dai ly foot bathing. 

Dose Comments 

to-t 5 mg kg-\ tid May cause vomltino 

20 mg kg" bid Cross resiSlance wrlh 
erylhromycin 

5.5-10 mg kg-' bid 

15-2() mg kg- ' tid 

13-30 mg kg-' bid Potential for side effects 

11-22 mg kg I bidort)d Higher dOse rate required 

20-30 mg kg-' bid or lid Drug of chOicalor deep 
pyoderma 

2-5 mg kg ' bid Should be reserved lor 
resistant cases 

Gels and creams 
Localized pyodermas may be managed using non· 
occlusiv(' topical prepar:uions such as fucidin gel 
or mupirocin cream. Both penetrate well into 
granulomatous tissue and are bactericidal. 

Mycobacterial skin disease 

Atypical non-tuberculous M),coba ccen'um spp. 
have been isolated from cutaneous lesions in dogs. 
These fast-growing mycobacteria are opportu nis
tic pathogens which contaminate wounds and 
whose pathogenicity is enhanced in adipose tis
sue. M),cobacterium !orwitum, M. chelonei, M. 
phlei, M. smegmatis and an as yet unidentified 
Mycobacterium species have been identified in 
canine lesions (Kunkle, 1990). Animals with a his
tory of trauma present with nodules, swelling and 
discharging sinuses of the trunk, particularly the 
inguinal fC'gion. Diagnosis invoh'es idC'ntification 
of organisms using acid fast stains in histopatho~ 
logical sC'ctions and cuhure of the mycobacteria 
from homogenized tissue samples. Treatment 
should be based on cu lturC' and sensitivity (fable 
4-7.6). The disease has a tendC'nc), to recur 
although spontaneous regression may occu r with 
M. !orlltitllm or M. chdollf'i. 

A separate syndrome with multiple discrete 
nodules commonly affecting the cars has b~n 
recognized in Australia, New Zealand and Sout h 
Africa. Intracellular acid fast organisms arC' identi
fied on histopathology but culture of the organ
ism has not becn possible. These lesions resolve 
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r-.,'Io riello. I 995a). I-Iypochlorile bleach may be 
uS<.-d for cnvironment:!.1 decont:lm;nalion. 

Malassezia derm,lilis 
MalnJlf:z;a pac"yd~rmatis is an opponunistic 
yeast p;l.thogcn that may cause significant skin 
diseue. A number of breeds ;are predisposed 
including buset hou nds, cocker spanicis, West 
Highbnd while terriers. d:lchsunds. poodles ;md 
Aunrali;l.n silky terriers. although region:ll d iffer
ences ;arc apparen! (Dufail. 1983; Mason, 1992a.; 
Plant l't al., 1992; Bond l't 'II., 1996). O ther pre
disposing factors implic:lted include concurrent 
allergic diseascs. ker:uiniution disorders and 
poorly defi ned failures of skin immunity to the 
yeut (Mason. 1992a; Plan! rt al., J 992; Bond l't af., 
1996). C linical signs may be gener.lli,,-ed, of len 
wilh a ventral distribUl10n or IOC;l.lized 10 the feel, 
(;l.CC, skin folds or pcrincum. Pruritus is common 
and is of len 5c,·cre. Examination of the skin 
rcvc;l.ls erythema. scale. hyperpigmenution and 
oi ly seborrhoea. Diagnostic criteria proposed for 
AlalllSSl'zia dermatitis arc the presence of abnor
m:ll numbers of the ye:lSt in lesion;l.l skin ;l.nd the 
cliniC:ll response accomp;l.nied by a reduction 
in yeast numbers following antifungal therapy 
(Bond and Lloyd. 1997). 

Topical therapy twicc w«kly with selenium 
sulphide. enilconazole. miconnole and chlor
hexidine is helpful. A shampoo containing 2% 
miconazole and 2% chlorhexidine h;1.5 been 
shown to be very useful; this product has good 
actil'ity ag:linst bOth the yeast and also staphylo
cocci which frequently coexist wi th Malaurzia in 
high nu mbers (Bond rt aI., 1995b). Or.tl keto
connole therapy (10 mg kif ' bid) C;l.n be used in 
se\'ere cases or if the owner is unable to bath the 
dog (Mason. 1992b). Any underl )ting diseases 
should be identified and corrected wherever 
possible. Rl'Current cases which require long-term 
therapy arc commonly seen. 

Candidi,sls 

CallJiJlf albicam is a rare cause of chronic ulcera
til'e lesions of the skin and onl mucosa in animals 
which arc immunocompromisw or have been 
tre;l.Ied with long-term broad -sptttrum antibiotic 
therapy. Topical nystatin or micon:lzole and oral 
keu cona"-ole ma)' be used for treatment. 

Subcutaneous and systemiC mytoSfls 

These diseases arc uncommon, difficu It to treat and 
hal'e a guarded prognosis. Di;l.gnostic techniques 

inl'olve identification of the org"lnism either by 
cytology, hislopalhology with appropriate stains 
or fung;l.l culturc from ;,lt biopsy specimen. 

Sporot"rix schenkii may cause skin lesions in 
dogs sccondary 10 ~netr.tt ing wounds or trauma. 
Anim;l.ls present with discrete ulcerated nodules 
or draining sinuses. Sporotrichosis is :l hum:m 
he:ll th risk bUI is treat'able. Ther.tpy includes the 
inorg:lIlic iodides. keloconazole and itraconazole. 

Pytbiosis is a rare disC'asc caused by a fungus of 
the genus P),t"ium. It is characterized by large 
granulomatous. ulceralh'e lesions with draining 
sinuses part icularly of thc limbs. u il base and per
ineum. Disease is reported in large breed dogs 
in subtropical zones of Australia and North 
Americ:!.. Response to therapy is poor and surgical 
exision is often only palliali,·e. 

Eumycolic mycetomll is characterized by sub
cutaneous granu loma formation with multiple 
sinus tracts which discharge characteristic gran
ules. Many fungi may produce this lesion 
including Curvaf"ri/f spp., M1,J'1rc1l11 spp., 
Helminthosponum speciJrrtfm and Allesc"ena 
bo)'Jii. T re;l.tment is by surgical excision but 
response is poor. Prognosis may be improl'ed by 
treatment with newer generation imidazole drugs. 

Blastomycosis (Bfaltom),us Jrnnatilidis) infec
tion m:ly be associated with draini ng sinuses and 
cut:lncous gr.tnuloma forma tion of the face. nail 
bed or planum nasale. Skin lesions may occur as 
pan of systemic spre.:td from the respiratory tract. 
Disease is repont.-d principally from Nonh 
Americ;l.. The prognosis is gu.:trded but lfcatment 
with imidazoles (ketocon:l7.ole or itraconazole) 
has improl'ed the prognosis. 

Cryptococcus IIe%nmms may r.trdy cause 
ulcerative, gr.:tn ulomatous skin lesions in dogs as 
pan of systemic disease. Cut'aneouJ manifest:l
tions arc more common in the cat. Ther.:tpy of 
C:lnine cryptococcosis is limited by the oft en 
severe neu rological involvement and the inability 
of antifungal drugs to cross the blood-brain 
barrier. The newer imid.l1.0Ies, fluconazole or 
itraconazole. arc effccti"e in human and fdine 

• cryptococeosls. 

I PROTOZOAL SKIN OISEASE 

• leishmaniasis 

Lrisl)1ntltlUi is a diphasic prOtozoan parasite with 
a blood sucking sandfl y l'cctor. Sel'eral species 
may C:luse disease in dogs although Lt:ifbmallia 
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inftmtum is the most commonly identified in 
Europe and Africa. Disease is epizootic in pans of 
the Mediterr.tnean, East Africa, India, C llina, 
Centr:t l and South America. Infection of dogs in 
the UK and USA occurs aher tr.tvel in these areas. 

The org,mism is an obligato ry intracellular par
asite with an incubation period of one month to 

years aher infection (Slappendel and Greene, 
1990). Cutaneo us signs are variable and occur in 
90% o f cases in combination with systemic signs. 
There are non-pruritic symmetrical areas of ery
thema, scale and ulcer.ttion of the feet, muzzle, 
pinna and periocular region. Abnormal growth of 
nails may be evident. Animals may 2150 display 
weight loss, anorexia, u,·eitis, corneal oedema, 
proteinuria, lameness and epistaxis. Defi ni tive 
diagnosis is made by dcmonstr.ttion of the organ
ism in lymph node or bone marrow aspirates o r 
skin biopsies. 

In some countries, euthanasia is mandatory to 
d~rease the reservoir for human infection. 
Treatment with pentavalent antimonial com
pounds (sodium stibogluconate, meglumine anti
monare) combined with allopurinol may be 
indicated (Slappendel and Greene, 1990; Br.tvo ct 
aI., 1993) but relapses occur and infected dogs 
may act as reservoirs for human inf~tion (Ferrer, 
1992). 

I PARASITIC SKIN DISEASE 

• DemodlcDSis 

Small numbers of Dcmodex canis arc thought to 
be part of the normal fl ora of canine hair follicles. 
Although the exact pathogenesis is nOt under
stood, it is generally acccpted that thcre is a spe
cific abnormality of T cell immunity which allows 
proliferation of the mites in young dogs. This 
defect is thought to have an hereditary compo
nent (Foley, 1991 ; Miller, 1992). Acquired 
immunoincompetence associated with systemic 
disease and glucoconicoid ther.tpy may precipi
tate demooectic mange in adult or aged dogs. 

Three forms of the disease arc recognized. 

Localized disease generally affects dogs less 
than one year of age with small non-pruritic areas 
o f alopecia ;lnd scale which occur primarily on the 
face and forelegs. Lesions often resolve spont:l
neously in 6-12 wecks without Irearment. Use of 
miticides is not rttommended due to the potential 
for the development o f resistancc. 
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Generalized disease occurs most commonly in 
purc bred dogs with onset at less than 18 months 
of age, although adult onset demodicosis is recog
nized often with underlying systemic disease. 
There arc multiple areas o f patchy alopecia and 
scale (Fig. 47.11 ). Disease is gener;llly considered 
non-pruritic although development of secondary 
bacteriJ,1 infections with foll iculitis J,nd furuncu 
losis C;tn result in pruritus, regionallymphadeno
p;tth)" fever and ;lnorexia (Fig. 47. 12). 

Pododermatitis occurs when demodicosis is 
confined to the feet especially in adult dogs. The 
condition is often painful and complicated by 
secondar). bacterial inftttion (Fig. 47.13). 

Diagnosis is by demonstration of incrcased 
numbers of adults or immJ,ture stages of 
Dcmodex canis on skin scrapings and hair pluck
ings. Gencr.tlized demodieosis and pododermati
tis arc treated with amitr.l.7. applied as a 0.05% 

FIgure 47 .11 Generalized sQuamous demodicosis in a 
Jack Russell terrier. Photograph courtesy of Michael 
Herrtage. See colour plate. 

Flgur1l47.12 Generalized demodlcosis with secondary 
baclerial futunculos is In a Doberman pinscher. 
Photograph courtesy of Michael Herrtage. See colour 
plale. 
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FlgUrt 47.13 Demodicosis confined to the feel 01 an 
English bull terrier. Photograph courtesy of Michael 
Herrtage. See colour plate. 

solution every 7 days. Tr~atment shou ld eominue 
until three negative skin scrapings ar~ achieved at 
weekly intervals. The coat should be clipped to 
aid penetration of th~ amitrilZ. Benzoyl peroxide 
can be used for its descaling effect prior to mitici
dal treatmen!. Concurrent bactericidal antibiotics 
arc recommended in cases with bacterial infec
tions. Vitamin E hls been reported to be ~ffectiv~ 
in the trellment of generalized demodicosis with 
147 of 149 Clses resolving after usc of oral vitamin 
E at 200 mg five limes daily (Figueiredo et aI., 
1993). Results of further investigatio ns have not 
been;l.s encoul'.1ging (Griffin, 1987; Gilbert ct al., 
1992) although vitamin E may be of some benefit 
in reducing inflammation and app~ars to acetler
lIe the response 10 topical amitrlZ therlpy. 
Recent trials using daily milbcmycin oxime (05 -
2 mg kg-I) (Miller and Scott, 1991; Reedy and 
Garficld, 1991 ) or i,'wnectin (600 ).Ig kg-I) 
(Paradis ;!.nd Ristic, 1993) ha'·e giv~n cncouraging 
results. Off-I;l.bel usc of these drugs has been 
suggeSlcd in chronic dis~lSe non -r~spons ive 
to amitraz or where the dog and/or owner is 
unable to tolerate amitnz therapy. 

• Sareopllc mange 

Disease in dogs is associated with Sarcoptes scab;e; 
var. cal/is. 1111.' parasite is host specific but can 
cause disease in aberrant hosts including humans. 
Sarroples is an obligate parasitc with the entire 21 -
day life cycle occurring on th~ host. Infestation 
is associated with intcnse pruritus. Alopecia, 
papules and cruSiS with secondary self-trauma 
occur primarily on the pinna, elbows and hairless 
arcas (Fig. 47.14). Diagnosis may be difficult to 

Figure 47 .14 Alopecia and crusting of the edge 01 the 
pinna in an English springer spaniel with sarcoptic 
mange. Photograph courtesy 01 Michael Herrtage. See 
colour plate. 

confirm evcn after multiple skin scrapings and a 
presumptiv~ dilgnosis is often made by rcspons~ 
to therapeutic trial. 

All dogs in the house should be treated with 
weekly ;!.caricidal rinses. Organophosphatcs, 
amitraz and lime-sulphur may be used but 
resistance to o rganophosphates may be a problem 
(Moriello, 1992). Off-label usc of ivermectin 
(200 ~g kg-I orally o r by injection) is effective 
in the management o f Sarcoptes (Paradis. 1989; 
Moriello, 1992) but it is contraindicated in rough 
collics, shellies and their crosses because of the 
risk of neurotoxicity. Neurotoxicit), in oth~r 
breeds has been reported sporadically. 

• Cheyleliellosls 

Cbcylet;ella sp. li\'e in the keratin Iaycr of thc epi
dermis and lay eggs which are attached to the hair 
by fine filaments. They arc obligate parasites and 
spend the entire 35 days of their life cycle on the 
host, although adult females may survive ten days 
away (rom the host under appropriate conditions. 
FivC' species have been identified with C. yasgllri 
considered to be the mite of dogs although trans
mission betwcen bost species docs occur. 

Diseasc occurs most commonly in young dogs 
with changes most evident on the dorsum. 
Pruritus is ,'ariable and may reflect development 
o f hypersensitivity. Skin changcs range from mild 
scale through to severe seborrhoea sicc;!. and 
papules lnd crusting. 

Diagnosis is made by microscopic identifica
tion o f mites or eggs in coat brushings, super
ficial skin scrapings o r ace!"ate tape impressions. 

dh," 



Adult Cheyletiella mites ate susceptible to a 
wide range of acaricides. All animals in a house
hold should be treated weekly for six to eight 
treatments (Moriello, 1992). Off-label use of 
ivermectin is also eff«tive (Foley, 1991; 
Monello, 1992). 

• Trombleulidla.l. 

The six-legged larvae of Trombicula aUlumnalis 
(UK) and £ulrombicula alfreddugesi (USA) para
sitize the feet, head, ears and ventrum of animals 
walked in fields o r forests in endemic are3S during 
summer/autumn. Infestation resullS in erythema, 
papules and crusting with the degree of pruritus 
depending on the development of hypersensitiv
ity. Diagnosis is made by observation of the 
or:mge (0.2 mm) larvae. A single application of an 
acaricidal agent is usually sufficient for treatment. 
Other trombiculid species cause disease in 
different geographical locations. 

• Rhabdille dermatitis 

Pelodera strongyloides is a free- living nematode 
found in damp soil o r decaying organic material. 
Cutaneous migration of larvae through the feet 
and other contact areas results in erythema, 
papules and crusts and is associated with pruritus. 
Larvae may be found on deep skin scrapings or in 
biopsy specimens. Treatment involves removal 
of the animal from the source of infection. 
Ivermectin may be used with the provisos 
mentioned previously. 

• Hookworm dermatitis 

Migration of hookworm larvae may result in 
erythema, alopecia, oedema and crusts in contact 
areas particularly the feet and footpads . Migrating 
larvae may not be found o n skin scraping or 
his topathology ahhough changes on histopathol
ogy are suggestive. Diagnosis is based on history 
of environmental contamination, gross appear
ance and demonstration of eggs or larvae on faecal 
flotation. Lesions of the feet ;are treated sympto
matically using mild antibacterial soaks to remove 
crusts and systemic glucocorticoids to rel ieve pain 
and pruritus. The dog should be removed from 
the contaminated environment, faeces disposed of 
properly and dogs tre;tted for adult hookworm to 
prevent recurrence. 
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• Insect-mediated hypersensitivity 

The suble fly (Stomoxys ralcitrans) may bite the 
skin of dogs c:lusing crusting and haemorrhagic 
skin lesions in animals which live ouuide. Lesions 
occur lypically on the pinnal tip in prick-eared 
dogs or along the folded ear edge in o ther breeds, 
although lesions may occur elsewhere on the facc 
and body where pre-existing skin disease existS. 
T reatment with topical antibiotics and s teroids is 
recommended but prevention is difficult and is 
best achieved by housing the dog indoors. 
Numerous topical fl y repellant preparations are 
available but need to be applied frequently to be 
beneficial. The number of flies may be reduced 
with environmenul management and pyrethrin 
b3Sed insecticides. 

The importance of other fly species in produc
ing hypersensitivity dermatitis in the dog is being 
evaluated (Griffin, 1993b). A syndtome affecting 
large breed, o utdoor dogs and eharacterized 
histopathologically as eosinophilic furunculosis 
o f the face has been reponed (G ross, 1993; Curtis 
et al., 1995). Affected dogs develop a papular 
eruption which progresses to swelling, nodules. 
ulceration and occ3Sional fistulation. The disease 
is glucocorticoid responsive and an acute hyper
sensitivity re:'lction to arthropods is suspected. 

I NEOPLASTIC SKIN DISEASES 

(See also Chapter 50) 
The skin is the site for a wide range of primary 
tumours which are broadly classified as epithelial 
or mesenchymal or as tumours o f mel:'lnin-pro
ducing cells depending on their tissue of origin 
(fables 47.7 and 47.8). Secondary tumours which 
arc met3Stases from non-eutaneous primary 
tumours :'Ire also described. The relative preva
lence of cutaneous neoplasms is iIlUStr:ued in 
T able 47.9. 

Formulation of a therapeutic plan req uires a 
definitive diagnosis using cytology, histopathol
ogy, investigation for metastases and determina
tion of the extent of the primary tumour. 

MaSI ce/llumours may occur in dogs of all ages 
:'Ind occur most commonly in brachycephalic 
breeds. Their gross appearance is extremely v:'lri
able and they should be included in the differen
tial diagnosis of :'Ill cutaneous masses. They also 
differ considerably in clinical behaviour. Well 
circumscribed, slow growing, soli tary lesions :'Ire 
seen as are rapidly growing, poorly defined 
masses which mct3Stasize early during the disease 
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Table 47.7 Canine epithelial tumours 

Tumour origin 

Epidermis 

Hair 100Iicies 

Sebaceous glands 

Sweat glan(ls 

Perianal glands 

Tumour type 

Basal cell carcinoma 
Squamous cell carCinoma 
Intracutaneous ctlfnllymg epithelioma 
Cutaneous papilloma 
tanine viral papilloma 

Pilomatrioma 
Trichoepithelioma 

Adenoma 
Adenocarcinoma 
Epithelioma 

AlJenoma 
Ailenocarcinoma 

Hepatoid adenoma 
AdenocarCinoma 

Table 47.8 Canine mesenchymal tumours 

Tumour origin Tumour type 

Fibrous tissue Fibroma 
Myxoma 
Haemangioperic:ytoma 

Adipose tl»ue IJpoma 

Muscle leiomyoma 

V:w:ular/1ymphatic tissue HaemanglDma 
lymphangioma 

Fibr~rctlma 
Myxosarctlma 
Undltlerentiated sarcoma 

IJp~lcoma 

leiomyosarcoma 

Haemangl~rcoma 
Lymphangiosarcoma 

Penpheral nerves Neurofibroma (Schwannomal 

lymphohistiocytic system Histiocytoma 
Cutaneous lymphoma 
Transmissable veRereallumour 

Mast cells Mast cell tumour 

Melanocytes Benign and malignant melanoma 

cou rse. Some lumours produce vasoactive amines 
which may causc local or systcmic signs. 
(f reatmem o ptions are discussed in Chapter 50.) 

Hisriocytomlf is a benign tumo ur occurring 
most commonly in dogs less than two ycars of 
:tge. It presems as a solitary, rapidly growing, 
well -circumscribed mass with alopecia and often 
ulceration. Lesions regress spontaneously. 

case with erythema, scale and ultimately raised 
plaques. Primary cutaneous lymphoma is the 
result of lymphoblast infiltration into the dermis. 
C linical appearance is variable and the disease is 
rapidly progressive and responds poorly to treat
ment. Cutaneous lymphoma may also result from 
dissemination of lymphoma from another site. 

Cutant:Olt$ lymphoma may occur in scveral 
forms. Epitheliolropic lymphoma is the result of 
T lymphocyte infiltration imo the epidermis. The 
disease has a long clinical course and variable pre
sentation but often appears as a pruritic skin dis-

Basal c~1I1umO /j rs arise from basal cells and arc 
usually benign and solitary. They present as wel l 
circumscribed, raised masses which may become 
ulcerated often on the head and neck in older dogs. 
Prognosis foll owing surgical removal is excellent. 

Squamol/S cell carcinomas usually present as 
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(pituitary dependent, PDH ). The laner syndrome 
may result from a functional pitui tary neoplasm 
or failu re of negative feedback o f cortisol on 
ACTH produclion and release. Sponlaneous dis
e~.se affects middle-aged to older dogs with 
increased prevalence in poodles and dachshunds. 

Cutaneous changes ;lfe similar to other 
endocrinopathies and comedones, thin come
dones, thin skin and, less commonly, calcinosis 
cutis may be seen. Secondary bacterial and fungal 
infections and demodicosis may complic~le 
hyperadrenocorticism. Systemic signs include 
polyuria, polydipsia, obesity, muscle weakness, a 
pendulous abdomen and lenicular atrophy. 

Haematology may reveal leucocytosis with 
neutro philia, eosinopenia and lymphopenia. The 
urine specific gravity is usually less than 1.015 
although the animal is often able 10 concentr.lIc 
urine. Serum alkaline phosphatase is commonly 
elevated due to induction o f a specific hepatic 
isoenzyme. Blood biochemistry may also reveal 
mild elevations in other hepatic enzymes (aspar
tate aminotransferase, alanine aminotransferase), 
hypcrglycaemia and increased cholesterol. 

Specific diagnostic procedures fo r diagnosis of 
hyperadrenocorticism include the low dose dex
amcthuonc suppression tCSt, ACTH stimulation 
teu and measurement of urinary cortisol/ creati
nine ratio. Tests used to differentiate adrenal 
from pituit:lry disease include, where practical, 
measurement of ACTH levels, high-dose 
dexamethasone suppression teu, abdominal 
radiography/ ultr:tSonography :lnd, where aV:li l
able, compUied tomography o r magnetic reso
nance scanning (Peterson, 199 1; Nelson et al., 
1991; Feldman and Mack, 1992). 

PilUitary-dependent disease is most commonly 
managed by adminiSlration of oJl'-DDD (2,4' 
dichlorod iphen y ld ich loroelhane) (m ilOlane) 
which causes necrosis of Ihe zona fascicu lara and 
reticularis of the adrenal gland (Feldman and 
Nelson, 1987a; Kintzer and Peterson, 199 1). Other 
alternatives fo r treatment arc or.l.l ketaconazo le 
30 mg kif' in divided doses (Feldman and Nelson, 
1992), tumour radiat ion (Mauldin, 1992)o r surgcry 
(hypophyscclOrny or bilateral adrenalectomy). 

Adrenal neoplasia is most effectively managed 
by remo\'al of the neoplastic adrenal gland. 
Keuconazole o r o.p' -DOD may alleviate the elin
i(;l. l signs (Feldman and Nelson. 1992). 

• Hypothyroidism 

Canine hypothyroidism is associated most com-

monly with primary thyroid gland dysfunction. 
Disease occurs in middle-aged dogs with onset of 
signs from two to ni ne years. Dobermanns, 
boxers, Old English sheepdogs, Great Danes, 
Irish seuers, miniature schnauzers, golden retriev
crs and dachshunds appear predisposcd. C linical 
signs arc o ften vague and variable. Cutaneous 
signs suggestive of an endocrine disorder arc pre
sent in approximately 50% of cases. Secondary 
pyoderma and seborrhoea may be e,·ident. Dogs 
may display lethargy, exercise and temperature 
into lerance, weight gain, cardiac abnormalities, 
myxocdema especiall y of the face, and reproduc
tive dysfunction. 

Haematology may reveal normocytic, normo
chro mic anaemia and cholesterol is often elevated 
on serum biochemical analysis. A reduction in 
plasma o r serum total T4 in association with 
appropriate clinical signs is suggestive of 
hypOlhyroidism. A TSH stimulation test is still 
the most reliable method for diagnosis of 
hypothyroidism but diagnosis should not be 
based on this finding alone. Serum o r plasma total 
T4 is measured before and six hours after admi n
istration o f 0. 1 u kif' of bovine TSH intra
venously (Feldman and Nelson, 1987b). A TRH 
stimulation test may be performed if TSH is 
unavailable. More recently, assays o f endogenous 
canine TSH have been developed; the predictive 
value o f measuring TSH and thyroxine in a single 
blood sample is currently being investigated. 

AdminiSlr.l.tion of oral sodi um thyroxine is the 
treatment of choice. An initial dose o f 10 PS kif' 
rwice daily is given for at least 12 weeks. Frequency 
and dose of thyroxine can be adjusted o n the basis 
of serum total T4 levels measured four hours after 
medication (Nachreiner and Refsal, 1992). 

• Growth hormone responsive alopecia 

Clinical signs of this cond ition arc limited to the 
skin. The disease is seen most commonly in 
male dogs, particularly poodles, pomeranians, 
samoyeds. keeshonds and chow chows. Onset of 
signs is often between one and three years but 
animals may be older. No abnormality is evident 
o n urinalysis. haematology or biochemistry and 
adrenal and thyroid function tests arc within nor
mal limits. Diagnosis is made by excluding other 
endocrinopathies o r by performing a growth 
hormone stimulation test where this is available 
using xylazine or donidine. 

Treatment using human, bovine o r porcine 
growth hormone supplementation is described 
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Table 47.11 Sex hormone·related disease affecting female dogs 

Disease 

T8100el\ defluxion 

Signs 

• Alopecia 4-8 weeks post-par1um 
• AI partunllon hormonal ellanges 

calise many Ilairslo enler lalooen 
Functional ovarian tumour/polycystic ovanes 

(?mcreased oes1rooen) 
• Alopecialhyperpigrnentatlon 

perlfleumJIlankS 
• .f- seborrhoea, pyoderma. otitis merna 
• Enlarged vulvafnippies 
• May metastasize 

Oestrogen·responsive dermatoses • Alopecia venllUmJperineum 
• Dogs spayed at a young aoe 
• ? especialty Boxers and OachstlUnds · "" 

Table 47.12 Sex hormone-related diseases affecting both sexes 

Oi5e11se 

Adrenal syndrome 

Seasonal Ilank alopeCia 

Signalment 

• Signs Similar \0 growth liormane defiCH!ncy 
• May be associated WIth adrenocortICal enzyme 

defiCiency causlng reduced COrtiSOl and 
increased androgenlprogeslogen 

• Age onset 1-3 years 
• Especially chow chows. pomeranians, samoytds 
• DiagnOSIS: cortlSOI/se~ hormone levels after 

ACTH or hCG stlmulallon 

• Dobermanns. bo~ers. schnauzers and 
Auedale terriers 

• Occurs in neutered males and females 
• Seasonal alopecia/hyperplgmentatlon olille 

flanks lollowed ~ spontaneous regrowth 01 hair 
• Normal thyrOId. adrenal. reproductive and groM.h 

hormol'le levels 
• May be related 10 photoperiod 

Female dogs 

Ovarian imbalance type 1 

Treatment 

Resolves spontaneously 

Ovariohysterectomy 

Oielhy!sl!lboeslrol 0. 1- 1 rnO 
dOO" P,Q sid lor 3 weeks 
then all , week. 

Treatment 

10esexing 
? Growth hormone 
? o.P'-DOO 
1 Kelaconazole 

Resolves spontaneously 

mal testes. In Siberian huskies and malamutes, 
alopecia is preceded by the coat becoming 
'woolly' and blelching of coat colour (M iller, 
1989b). Cutaneous signs resolve with castratio n. 

Idlopalhlt femlnlzinll syndrome 
This is a rare disorder with cli nical signs similar 
to those associated with Sertoli cell tumours 
although pruritus. seborrhoea and ceruminous 
otitis externa arc often evident. The aetiology is 
unknown but may be related to hypersensitivity 
to sex hormones (Miller, 1989b). Histopathology 
is not compatible with endocrine disease. 
Treatment o( choice is castr:ltion. 

This term represenu a rare disease of entire female 
dogs associated with (unceional o\'arian tumours 
or polycystic ovaries and is presumed to be the 
result of excess oestrogen produClion. Alopecia 
and hyperpigmentation spread cranially from the 
p('rineum :lnd fl anks and arc often associated with 
seborrhoea, pyoderma and otitis externa. Vuh'a 
and nipples :Ire enlarged. OvariohyslercClomy 
resolves signs unless mel:lstases have occurred . 

Testosterone-rnponslve dermatoses 
Symmetrical alopecia initially involving the per
ineum and responsive to supplementation with 
testosterone is described in both castrated and 
enti re male dogs. 

Oestrogen-responsive alopecia 
Alopecia of the \'entral surface :lnd perineum 
occurs rarely in felll:lle dogs spayed at a young 
age. Boxers and d:lchshunds appear to be at 
increased risk. 
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Chlorambucil 
Th~ immu nosuppressive dose is 0.1-0.2 mg kg-1 
sid or on alternate days. 

Chlorambucil is used in combination with 
glucocorticoids or azathioprine/glucocorticoids. 
It may cause bone marrow suppression and 
ganrointcstinal disturbances. 

Cyclophosphamide 
The immunosuppressive dose is SO mg m-l on 
alternate days. 

This is a mo re potent a1kylating agent which 
may be used alone or in combination with glu
coconicoids. Use may be associated with leuco
penia, haemo rrhagic cystitis and gastrointestinal 
Signs. 

Chrysotherapy 
Aurothioglucose should be used at 1 mg kg-1 
week-1 intramuscularly. 

Clinical response to administration of gold salts 
may take 6-8 weeks and combination with glu
cocorticoids is recommended. Use may be associ
ated with a variety o f side effects including drug 
eruptions, hepatic nttrosis and thrombocyto-

• pema. 

Adjunctive therapies 
Adjuncti\'e therapies in the management of 
immune-mediated skin d isease include supple
m~nution with vit';tmin E and avoidance of expo
sure to ultraviolet light. Although vitamin E is of 
questionable effi cacy il may r~uce the ne~ for 
more potent drugs. A combination of niacinamide 
and tetracyclines has been described as a treat
ment for discoid lupus erythematosus (White ct 
al., 1992). 

WITH 

I 
Hepaloculaneous syndrome 
(necrolyllc migratory erythema , 
superficial necrolytlc dermatopathy) 

Necrolytic mignltory erythema is the term used 
to describe cutaneous signs most often associated 
with glucagon-secreting pancreatic tumours in 
humans. Although skin disease associated with 
functional pancreatic tumours has been reported 
in dogs (Gross el al., 1990; Miller et ai., 1991; 
Bond et al., 1995a), the majority o f canine cases 
are associated with severe vacuolar hepatopathy 
2nd d iabetes mellitus hence the term hepatocuta-

neous syndrome. Disease tends to occur in older 
animals (mean 10.7 years). C utaneous lesions 
most freq uently invoh'e footpads, mucocuta
neous junctions (oral, ocular, genital and anal), 
pinna and pressure poi nts and appear grossly as 
erosions and ulceration with erythema and cruSI
ing. Severe crusting and fi ssuring of the foo tpads 
results in lameness. H istopathological signs 
inelude a triad of parakeratosis, epidermal spon
giosis and an infiltrate of inflammatory cells in the 
upper dermis. Cutaneous lesions and histo pathol
ogy rna)' resemble zinc-responsive dermatoses. 

Diagnosis is based on histopathology of skin 
Icsions and documentatio n of hepatic disease 
and/or d iabetes mellitus. Alkaline phosphatase, 
alanine transaminase 2nd fasting 2nd postprandial 
bile acids may be increased. H yperglycaemia and 
the presence of diabe t~s melli tus is v2riable and 
often develops after identification of cutaneous 
and hepatic pathology. 

H umans with necrolytic migratory er),thema 
show complete resolution of cutaneous signs 
fo llowing intravenous ad ministration of amino 
acids. Amino :tcid levels were depressed in all 
cases where measured (Gross et al., 1993; Bond 
ec aI., 1995a). Egg yolks used as a dietary supple
ment in six dogs resulted in partial o r complete 
resolution of cutaneous changes over a short time. 

Glucocorticoids will improve the appearance of 
Ihe skin but are contraind icated due to the fre
quent association of hepatocutaneous syndrome 
with hyperglycaemia and diabetes mellitus. 
Treatment must be considered p:tlli;uive as il does 
not address the underlying aetiology. While the 
mechanism of the hepatic pathology is not under
stood, the prognosis for this condition is poor . 

• Zinc-responsive dermaloses 

Animals with zinc-responsive disease present 
with erythema, elCudatio n and thick crusts affect
ing the face (perioral and periocular regions, ears), 
pressure points, footpads 2nd mucocutaneous 
junctions. Lymphadenopathy, lelh:trgy and 
pyrexia may be evident. Two distinct clinical syn
dromes have been described. A genetic defect 
resulting in decreased intestinal zinc absorption is 
reponed in Siberian huskies and Alaskan mala
mutes. Lesions often occur at puberty or during 
other periods of stress (Brown et aI., 1978). Zi ne
r~sponsive disease may also occur in young grow
ing dogs of large breeds fed high calcium o r high 
fib re diets where the zinc is unavailable for 
absorption (Van den Broek and Thoday, 1986; 
Ohlen and Scott, 1986; Sousa et aI., 1988). 
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Treatment involves supplementation with zinc 
sulphate 10 mg kg-I day-lor zinc glucon:tle as 
1.5 mg elemental zinc kg- l day-I. Side tffects o f 
anorexia .Ind vomiting arc minimi7.ed if the l.inc is 
given with food and by dividing the daily dose. A 
good quali ty commercial dog food should replace 
the cxisting diet if die tary inadequacies arc identi-
0«1. 

• lethal acrodermalllis 

This rare d isease of English bull te rriers is inher
ited as an aUlosomal TC'cessive trai t. Although the 
aetiology is unknown, zinc malassimilation is 
considered to be a contributing factor. Cutaneous 
signs arc evident from si,.. weeks of age and 
include scale, crusts and changes compatible with 
secondary bacterial folliculitis especially of the 
facc, feet and pressure points. Retarded growth, 
gastrointestinal signs, ocular changes and 
increased susceptibility to infectio n arc also 
evident. There is no response to zinc supplemen
tatio n and death occurs by 15 months Uczyk ct 
al., 1986). 

• Fally acid dellclency 

Skin disease associated with fatty acid deficiency 
may result from long-term consumption of d iets 
dellcient in fat o r stored inappropri;ucly. C linical 
signs may also bc seen in animals with intestinal 
malabsorption, pancreatic exocrine insu ffi ciency 
o r bile salt deficienc),. D ogs develop dry, dull 
coaLS and seborrhoea. Secondary bacterial infec
tion may occu r. Treatnlent involvcs correction of 
the diet if dietny inadequacies arc found or sup
plementation with fau)' acids. 

• Vitamin A-responsive dermatosis 

Skin disease responsive 10 vitamin A supplemen
tation but not associated with dietary vitamin A 
deficiency has been reponed in cocker spaniels 
and sporadically in other breeds. Animals preselll 
with gent'ralized scale, cerumino us otitis externa, 
hyperker;uosis of footp3ds ;md multi foca l areas of 
crusts and frond -likt' keratinous plugs of the 
\'~ntral thorax 3nd abdomen. Diagnosis is by 
response to tre31mem with onl vit3min A 
( 1000-2500 iu kg-I day-I). A r~sponse is seen in 

3-8 weeks 3nd t re31ment may b~ required for life. 
Synthetic retinoids (isot retinoi n and etrelinate) 
h3ve been used to tre3t less common keratiniza
t ion disorders such as sebaceous adenitis. schnau
zt' r comedo syndrome and congenital 13mellar 
ichthyosis. There may be some indications for 
isotret inoin as 3djunctive therapy for epider
motropic lymphoma (Kwochka, 1989). Retinoids 
arc difllcu lt to obtain and cxpensi,'e. 

I GENETIC/CONGENITAL DERMATOSES 

Cutaneous asthenia (Ehlers-Oanlos syndrome) 

This hereditary group of diseases is the result of 
connt'cti"e tissue abnormalities resulting in loose 
and abnorm31ly fragi le skin. 

Canine IchthYOSis 

T his is a rare hereditary d isease resulting in 
marked scale .1nd kC'Ta!in projections o f the skin 
and thickening of p;tds. 

Colour dilution alopecl, 

This disease is the rt'sul t of an hereditary ectoder
mal defect in animals with diluted C03t colours. It 
has been described mainly in pure and cross-bred 
dogs with blue C03t colour and occasionally in red 
and fawn-coloured dogs (dobermanns. dachs
hunds, Irish setters). Animals arc born with nor
mal coats and develop pltchy alopecia. sC3le and 
dry hair between 8 weeks and 3 years of age. 
Changes afe most o bvious on the trunk and 3ffect 
diluted colour hair o nly. Treatment is sympto
matic and is directed tow3rds sccondary bacterial 
follicul itis. 

Canine hereditary black hair folliel, dysplasia 

This condition is seen in black and black and 
white pure and cross-bred dogs and results in 
hypotrichosis, sC31e and dry, broken hairs in black 
coated areas only. No treatment is available. 

Acral mutilation syndrome 

This sensory neuropathy is an autosomal reces
si"e disease of English pointers and German 
sho rt-haired pointers. Affected pups excessively 
traumatize paws due to :1.11 absence of temperature 
and pain sensation. Lesions develop at between 3 
and 5 months of age and no treatment is a\'ailabic. 
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Figure 47.20 Diffuse symmetrical alopecia affecting the 
ventral aDdomen and medial and caudal aspects of the 
hindlimbs in a domestic short-haired cat wi th flea allergy 
dermatitis. Photograph courtesy of Michael Herrtage. 
See colour plate. 

Ulcsratlvs dsrmatltis assoclalsd with 
ssll-trauma 
This is less common ,han the twO syndromes pre
viously discussed. If pruritus is severe, scratching 
of accessible areas particularly the head and neck 
witl result in marked ulceration and pyotraumatic 
dermatitis. 

Eosinophilic granuloma complsx 

This is a poorly understood but impo rtant COIll

plex in which altergy plays a major part. This 
complex is discussed separately. 

• Allergy due to parasites 

Fisa allsrgy dermatitis 

Flea allergy is the most common cause of 'miliary' 
dermatitis (G ross el aI., 1986; ScOIl, 1987). The 
distribution often mimics thai in the dog affecting 
rump, dor:sum, [ail head and thighs. H owever, 
miliary dermatitis of the neck and head regions 
has been reponed in the cat (Muller et al., 1989b). 
Flea allergy dermat itis is also a major cause o f 
symmetrical alopecia. 

The pathogenesis of flea allergy is presumed to 
be similar to that in the dog. Diagnosis is based on 
a combination of clinical fi ndings, demonstr.uion 
of fleas or fl ea faeces in cou brushings, positive 
skin reactions to intradermal flea antigen and 
response to an appropriate insecticid3l tri31. 
Treatment invoh'es removing the cause and con
trol of self-trauma both of which arc discussed at 
the ('nd of this 5('ction. 

Otodectic mlnge (Otodectes cynolls) 

Ear mites are e5tim3ted to cause 50% of fcline 
o titis externa. Much less frequently they para
si tize other areas of the skin including the 
head, neck, dor:sum and tail head regions. 
H ypersensitivity has been postuiat t'd as part of 
the p3thogenesis (Powell et a/., 1980). Miliary 
dermatitis is the common dcrmatological prob
lem but pyotraumatic dermatitis may compli
COliC the clinical pictu re. Di3gnosis is based on 
identification of the mite/ eggs in coat brushings 
and scrapings. 

Mosquito!lnsecl bite allergy 

A specific seasonal papulocrustous dermatitis 
affecting the nose, mu zzle 3nd pinnae has been 
described secondary to mosquito bites (Mason 
and Evans, 199 1). These lesions may progress to 
erosions and are associated with depigment3tion. 
The footpads of affected cats may be ulcerated, 
swollen and hypopigmented . Peripheral eosino
phili3 and lymphadenopathy arc observed. 
Histopathology suggests this syndrome may be a 
variant o f the 'eosinophilic granuloffi3 complex' 
with characleristics typical of insect bite hyper
sensit ivity (Mason, 1993). Diagnosis is mainly 
aimed at e\'alualing the respo nse to eliminating 
the cause. It is recommended that cats arc kept in 
an insect-free environment. Cats protected by 
insect screening hal'e shown resolutio n of signs 
within seven days (Mason, 1993). 

• Atop ic dermatitis 

Atop), in the cat has been difficult to character
ize beyond a clinical d('scription which mimics 
that in the dog. Although reaginic antibody is 
yet to be isolated, the clinical syndrome and its 
response to hyposensi tization is well recognized 
by 5e\'eral 3uthors (ScOIl, 1987; Kunkle. 1989; 
Prosl, 1993). Atopy has been incriminated as 
the cause in 12.1 % of mi li3ry derm:atitis cases 
and 12.5% of COlts 3ffected with cosinophilic 
plaque (ScOIl, 1987). Various degrees o f periph
eral eosinoph ilic infiltration ma)' occur (Reed y, 
199 1). Symmetrical 3iop('cia alone may be a 
cl inical sign of atopy. 

Diagnosis is dependent on intradermal skin 
testing and response to hyposensitization. The 
technique and choice of ant igens arc similar to 
those used for the dog. Howc\'er, interpretation 
of skin testing results is more difficu lt as wheals 
arc less erythematous :and poorly circumscribed. 
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• Food Intolerance/allergy 

,The pathophysiology of this syndrome is not com
pletely understood. Adverse reactions to food may 
involve hypersensitivity to food products. a non
specific physiological rC;l.ction to pharmacological 
o r to xic agents in the d iet or:l combination of bolil. 
Reponed prevalence rates of the syndrome vary 
but it is believed to be an uncommon cause of skin 
disc3$c in the cat (Muller f! t al.. 1989b; White and 
Sequoia, 1989; Rosser, \993). Clinicals;gns include 
non-seasonal pruritus o ften affecting the head and 
neck (White and Sequoia, 1989; Rosser, 1993). 
Miliary dermatitis. symmetrical alopecia, eosino
philic plaque and ulcerative dermatitis secondary 
to Severe self tr.luma rna}' be secn (Baker, 1991). 
D iagnosis is made by feed ing a restriction diet US! ng 
a source of protein to which the cat has had mini 
mal exposu re. This may be home cooked o r com
mercially prepared. There is controversy over the 
optimum time interval for which the diet should 
be fed. Altho ugh most authors recommend 3 weeks 
(White and Sequoia, 1989; Carlott! el al., 1990), a 
9-week trial has been recommended by Rosser 
(1993b). A feline d iet trial p:articularly if fed for 
longer periods, must provide adequate taurine. 
Confirmation of the diagnosis is made by improve
ment o f clinical signs on the trial diet and provo
cation when the o riginal diet is reinstituted. 
Intradermal and serological lests arc of no value in 
the d iagnosis of this syndro me. 

• Treatment of allergic skin disease 

Treatment principles are similar to those USl-d in 
the dog and consist of removing o r decreasing the 
allergic burden (fo r example an insecticidal trial o r 
res triction diet) and controlling self-trauma. 

Insecticidal trl" for fl18s 

Rtcommendations fo r controlling fl eas o n cats are 
as numerous as the products available. The aim 
sho uld be to use the least toxic products to treat 
the affected cat, in contact animals and the envi
ro nment. Care sho uld be taken to usc o nly those 
products licensed for usc in the cat. 

AnI/-Inflammatory therapy 

Glucocortlcolds 
Cats appear 10 req uire higher therapeutic doses o f 
glucoconicoids than dogs on a body weight basis. 
Oral prednisolone or methylprednisolone arc rec
ommended at double the canine dose u te, i.e. 
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2--4 mg kg-I. Induction and alternate day dosi ng 
sched ules arc similar 10 those used in the dog. 

Although cats arc more tolerant o f glucocon i
coid side-efftcts than dogs, repeated use o f depot 
glucocorticoids (for example methylprednisolone 
acetate) has produced iatrogenic hyperadrcno
conicism (Scott t't al. , 1982). However, injectable 
depot glucoconicoids can be useful in C3ts which 
are difficult to dose orally as long as the potential 
fo r side effects is recognized. Dose rates may be 
decreased by usi ng glucoconicoids in combina
tion with amihistamines and ~ssential fatt y acids. 

Antih istamInes and emntlallatty acids 
Antihistamine thcrapy may be mo re useful in 
controll ing self-trauma in the cat than in the dog. 
C hlorpheniramine (2 mg [Wic~ daily) has been 
reponed to control up to 73% of pruritic cats 
(Mi ller and ScOll, 1990) and to potentiate the 
effects of glucocorticoids. C linical repom suggest 
that essential fany acid supplements are effica
cious in controll ing pruritus in the eat (H arvey, 
199 1; Miller t't al., 1993). Although there afe no 
repon s o f synergism between antihistamines :md 
essential fatt,), acids in the cat, combination 
antipruritic Iherapy would scem logical. 

Megoestrot acetale 
This progestogen has been used in feline inlhm
matory skin disease for two reasons: its ant i
inflammatory effect and antianxiety properties. 
Although it is an effective antipruritic agent in the 
cat, it produces po werful adrenal suppressio n and 
chronic use has been associated with mammary 
gland hyperplasia/neoplasia, diabetes mellitus and 
iatrogenic hyperadrenocorticism. Its use has been 
superseded by combination antipruri tic therapy. 

Hyposensitization 
H yposensitization for atopy fo llows a si milar 
protocol to that in the dog and has reported 
therapeutic beneht (Reedy, 1982; McDougal, 
1986; Pros t, 1993). 

I EOSINOPHILIC GRANULOMA COMPLEX 

Traditionally, Ihis complex encompasses three 
synd romes; the eosi nophilic ulcer, plaque and 
collagenolytic granuloma. Although these entit ies 
have usually quite distinct histological patterns, the 
clinical and aetiological distinctions are less clear. 

Indolent or eosinophilic ulcers 
These lesions arc well demarcated ulcers of the 
upper lip which may occur unilaterally or 
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FIoure 47.23 Psychogenic alopecia in a Siamese. There 
Is dilluse alopecia alono the back and the new hair has 
grown back with the point colour. Fleas etc. have been 
ruled oul Photograph courtesy of Michael Herrtage. See 
colour plate. 

d iaz~pam (1- 2 mg kg-I twic~ a day) and pheno
barbitone (2-6 mg kg-I rwice a day) have been tried 
with variable success. Th~ tricyclic antidepressant, 
clomipramine. may have a role in psychogenic dcr
m:uos~s of the cat (Willemse, 1993). 

I INFECTIOUS SKIN DISEASE 

• Bo.'e,lol skin dlse ... 
Superficial blelerl,1 derm,tltls 
Unlik~ th~ dog, superficial bacterial dermatitis 
and folliculitis in th~ cat is uncommon. The true 
preval~nce is unknown as pustules and epid~rmal 
collarette formation are ohen not recognized clin
ically in this speci~s. However, papular dermatitis 
and alopecia have been d~scribcd in cases with 
histopathological ~v idence of neutrophilic folli
culitis and in the absence of nlOre common 
ectoparasitic and fungal causes (White, 1991 ). 
Staphylococcul aurcus has been isol;l.ted o n bacte
rial cultur~ of biopsies from these c;l.scs. 
H istop;l.thology may b~ rcquir~d (0 make a diag
nosis of folliculitis. T r~atment consists of sys
temic antibacterial drugs. th(' choice of which 
should be based on culture and sensitivity results. 

OllP bacterl,1 dermalllls 
Subcutaneous abl ceDes and cellulit is 
The most common bacterial dermatitis in the cat 
occurs secondary to cat fight injuries. Pain and 
swelling of the affected are;l. associated with 
pyr~xia, lethargy and anorelCia is characterinic. 
Rupture of the abscess leads to draining sinus 
tract formation. The onset is frcquendy seasonal 
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and coincides with periods of increased cat :lctiv
ity in spring and aurumn. The most common 
org;l.nisms isoi:'lted from bite abscesses are 
Pasturella multodda, Streptococcus sp., 
Fusobacterium and BacterioiJes sp. (Scott, 1990). 
Rarely reported C:luses of feline abscesses include 
Corynebacterium spp., Actinomyces spp., 
Nocardia spp. and Ym;nia pestis (DeBoer, 1991 ). 
MycoplOlSma-like organisms (l forms) have been 
incriminated as a cause of recurring abscesses in a 
group o f in·contact cats (Carro et al., 1989). 

Cytological examin;l.tion of samples obtained 
by fine needle aspiration is an important aid to 
diagnosis of any nodular lesion and will confirm 
the presence o f an abscess. Bacterial culture and 
sensitivity from biopsy specimens is recom
mended if the abscess appears slow to heal. 
Routine cu lture techniques will not detect 
mycoplasma-like organisms. The therapeutic 
response to :ldequ:lte gravitational drainage and 
treatment with penicillin V or synthctic peni
cillins for 7-10 days is usually brisk in the uncom
plicated case. Infectio ns with mycoplasma-like 
organisms (l forms) are rapidly responsive to oral 
tetracycline ther.lpy (Carro et al .• 1989). 

Mycobacterlll inlectlons 
Cutaneous tuberculosis (MycobacteriJlm bovis. M. 
tuberculosis) is an uncommon cause of dermal 
nodules and poorly healing abscesses in cats. 
Systemic signs referable to generalized lympha
denopathy, pulmo nary and gastrointestinal 
involvement have been reported (Greene. 1990). 
Cats most commonly contraCt the infection from 
ingestion o f M. bovis-infected milk. However, 
transmission from infected humans has been 
reported. 

Another feline tuberculosis syndrome which 
presents primarily with dermatological signs has 
been repo rted in the UK (Gunn -Moore et al., 
1996). The organism involved is believed to be M. 
microti, known to cause tuberculosis in voles. The 
postulated route of transmission to cats is by bite 
wounds from this sylvatic reservoir. Cutaneous 
nodules occasionally with involvement of under
lying subcutaneous tissues. joint, muscle and/or 
bone are seen affecting the face. elCtremities. tail 
;md perineum. Regional lymph node enlargement 
is common (G unn-Moore and Shaw, 1997). 
C linic:!.1 and radiological signs referable to sys
temic involvement arc less common but pul
mo nary lesions have been found in affected c:ats:1.[ 

post mortem. The zoonotic potential of this syn
drome is unknown at present. 

Di;l.gnosis of feline tuberculosis may be made by 
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Fillure 47.24 One 01 a number of nodules affecting a 
domestic short-haired cat with feline leprosy. 
Photograph courtesy of Michael Herrtage. See colour 
plate. 

the demonstration of Ziehl-Nielscn-posili\'e organ
isms in aspiratcs and/or biopsy specimens but con
fimlation rC'<Juires culture. Appropriate handling of 
potentially tuberculosus material is nlOCCSS3.ry and 
idemifiC:l.lion of the organism by a specialist 
mycobacterial rderence laboratory is recommended. 

Once the organism has been identified, the 
zoonotic risk can be determined. Treatment of cats 
with classical tuberculosis due to M. bovis or M. 
tlIbercu/osis is not recommended. Successful trcat
ment of cats with the tubercu losis syndrome caused 
by M. microl/' h;'ls been reponed using triple com
bin;'ltion therapy of enroflox;'Icin, rihmpicin and 
clarithromycin (Gu nn+Moore and Shaw, 1997). 

Felhle leprosy is char.lcterized by single or mul+ 
tiple non' painful nodules primarily affecting the 
face and extremities (Fig. 47.24). Dr-aining sinus 
tracts, ulceration ;'Ind regional lymphadenopathy 
may be present but systemic involvement is 
uncom mon. The disease is more prevalent in cool, 
wet climates (New Zealand, Southern Australia, 
Great Brilain) during the winter months. The 
aetiological agent is thought to be the rat leprosy 
bacillus (M. lepr,u'mlfrium) bUi conclusive evi+ 
dence is lacking (Wilkinson and Mason, 1991). 
Histopathology and cytology arc useful diagnos+ 
tic aids; multiple granulomas are present without 
caseation and multiple, acid· fast st:l.ining bacilli 
may be seen with in the cytoplasm of 
macrophages. Bacterial cullure and guinea-pig 
inoculation are negati\'c differentiating this dis+ 
case from cutaneous tuberculosis. Treatment 
regimes include surgical cxcision and chemother· 
apy with oral clofazimine (3-8 mg kg-I once daily) 
for a 6· week induction course (White, 1991). 
Toxici ty has been reponed in cats treated with 
human leprosy drug regimes which include isoni+ 

azid 2nd dapsone (Wilkinson and Mason, 1991). 
Opportll1listic mycobacterial infect/om in cats 

may be caused by the saprophytic, acid+fast grow+ 
ing organisms Mycobacterium cbclonl'i, M. Jortui+ 
tum, M. phlei and M. slIIt'gl1l<1tis (Kunkle, 1990). 
Transmission is through contamination of wounds 
panicularly those associated with devitalized sub· 
cut:u1COUS fat . Clinical signs include multiple gran
u lomatous nodules with d rainingsi n us traclS which 
lreeommonlydistribulcd on the ventul abdomen, 
inguinal and lumbosacral areas. Infection with At. 
sIIIt'gmalis or M. smt'glllillis+like organisms has a 
particular tropism for traumatized inguinal f;;at
pads. Multiple small punctate ulcers and draining 
sinus tracts are associ:l.Ied with pain, swelling, 
.1onorexia, lethargy and weight loss (Wilkinson and 
Mason, 1991). Diagnosis is based on lhe clinical 
presentation, cytology, histopathology and cu ItUTe 
result.s. The number of acid-fast bacilli is \'ariable 
and those associated with M. smegl1l<1tis infection 
may be more readily identified using Giemsa stain 
(Wilkinson and Mason, 1991). Organisms are :lS50-

ciated with pyogranulomatous panniculitis and arc 
often found su rrounded by lipid vacuoles. Bl'Cause 
of their lipophilic tendency, some bacilli may be 
removed by the routine hi51op:llhology fixation 
process, thus making them difficult to find . Culture 
is recommended from a biopsy speci men rather 
than exudate. The organism is relatively fast grow· 
ing (3-5 days) (Kunkle, 1990). 

Opportunistic mycobacteria arc resistant to drugs 
used to trcat tuberculosis and to many other antibi· 
otics. 111 'Vitro efficacy may not rcflect ;1I vivo action 
due to the poor lipid solubility of many drugs 
(Wilkinson el a!. , 1982). Treatment with doxyey
clinc{25 mgol':l.lJy pcr cat twice a day), fluquinolone 
antibiotics (enrofloxiacin 2.5 mg klf' orally three 
times a day) or clofaziminc (J-8 mg kg-1 once daily) 
for prolonged periods of time (6-20 weeks) has been 
reponed by various authors (Kunkle. 1990; DeBoer, 
199 1; Wilkinson and Mason. 1991 ) with varying 
degrees of success in individual cases. 111e combi
nation of long-term systemic al1libacterialtherapy 
and aggressive surgical resection has been repon ed 
to be curative in five succl'Ssi\'e cases of M. smeg+ 
11Wtis panniculitis in cau although considerable sur
gical expenise in rt'Constructive techniques may be 
required in advanced cases (Malik t't al.. 1994). 

• Viral skin disease 
F,/in, pox Infsction 

Domeslic cats arc susceptible 10 infection with 
cowpox virus. The disease has been recognized 
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Figure 47.25 (a) Typical skin lesions 01 leline cowpox; 
(b) multiple Intracytoplasmic eosinophilic Inclusions in 
the epidermis 01 a cat with feline cowpox. PhotOilraph 
cour1esy of Michael Herrtage. See «Ilour plale. 

in most European counlries and is most often 
seen in the aUlUmn (Bennen, 1996). Small 
rodents arc believed to be the reservoir hosts 
and bites the method of transmission. C linical 
signs include ulccr:ned nodules affecting the dis
tal extremities, face and [ail base (Bennen et al., 
1986; Thomsen, 1989). Initially the lesions arc 
pruritic but become painful fo llo wing ukcr:l.tion 
(Fig. 47.25). Systemic signs of pox infection arc 
variable and may be rapidly progressive where 
glucocorticoids have been administered. Fever, 
lethargy, bronchopneumonia and pleuritis may 
be encountered in immunosuppressed C:IIS. 

Diagnosis is based on skin bio psy and serology 
(Bennett et aI., 1985). Classic intracytoplasmic, 
eosinophilic indusions are present in ker
atinocytes. Feline pox infection is usually self· 
limiting and recovery occurs within 4-6 weeks. 
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Treatment is tai lored to controlling secondary 
bacterial infection. Glucocorticoids arc con
traindicated. 

Other lelln' rira/ in/eelions 

Both feline leukaemia virus (FeLV) and feline 
immlfnodeficiency virus (FIV) infections have 
been associated with skin disease due to 
opportu nistic organisms. Chronic poorly healing 
absccsses, pyoderma, atypical mycobacterial 
infections, cryptococcoses, and gener:alized para
sitic infections such as demodicosis and notoedric 
mange have been reported in association with 
other systemic clinical signs. FeLV, the related 
sarcoma \'irus (FSV) and FJV, particularly in com
bination, are important in the pathogenesis of 
fcline neoplasia; virally associated lymphoma and 
fib rosarcoma may affect the skin (Sparger, 199 1). 
Diagnosis of FeLV infection is based on detection 
of viral antigen in blood, saliva or te;lrs usi ng 
ELISA andl or immunofluoresccnt antibody tech
niques. Feline immunodeficiency virus infection 
is d iagnosed by dete<:tion of vi rally induced ;lnti
body using ELISA or C ITE techniques. There is 
no specific antiviral ther:apy for either infection. 
However, appropriate treatment for opportunis
tic infections is recommended. 

Occasionally, infection with feline herpeS'IJiTIIs 
or calicivirus may result in CUI;lneous m;lnifesla
tions. Ulcers may be present on the nasal philtrum 
;lnd footpads (Flecknell et aI., 1979). 

• Fungal skin dlsaase 

Dermatophytosis 

Dermatophytosis is a major cause of skin disease 
in the cat. The majority o f infectio ns arc due to 
Microsporum canis (92- 99%) with the higher 
preva.lence occu rring in catteries (Moriello, 1991 ; 
Sparkes et al., \993). Unlike other fungi, it is 
ada.pted to living o n the hair and skin of cats and 
its presence often elicits minim;ll innammatory 
reaction. The asymptom:l.tic carrier state which 
may result presents a problem in both diagnosis 
and control. Factors predisposing to infection 
include age, self- trauma, ectoparasite infection. 
and the degree o f environmental contamination. 
Cats less than one year of ;lge arc predisposed 
(Sparkes ct ai. , 1993). Commonly, d iffuse alopecia 
with fractured, brittle hairs is present without 
clinical signs of innammation (Fig. 47.26). Focal 
lesions :lre common on the head. neck ;lnd paws 
(Fig. 47.27). Pruritus may be a featu re particularly 
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Figure 47.26 Diffuse alopecia along the dorsum in a 
Persian cat with Microsporum canis intection. 
Photograph courtesy 01 Michael Herrtage. See colour 
plate. 

Figure 47.27 Focal lesions on the ears and face of a 
Burmese cat with Trichophyton mentagrophytes infec
tion. The diffuse hair loss over the temporal region is 
normal in this breed. Photograph courtesy 01 Michael 
Herrtage. See colour plate. 

if combined with ectoparasi te infection. Occa· 
sionally a more severe inflammatory response 
may occur producing papular dermatitis, o r 
rarely, dermal granuloma formation. 

Sylvatic and geophilic dermatophytosis sec
ondary to infection with Trichophyton memagro· 
phyus. T. terrel/re , T. ajelloi :md Microspomm 
persic%r is repon ed uncommonly in the cat 
(Wright, 1989). The clinical presentation is similar 
[0 that for M. callis. 

M. canis is highly contagious and readily trans
missible 10 humans. Definitive diagnosis is made 

by fungal cu hure from hai r or biopsy specimens. 
In cats, Wood's lamp and direct microscopic exam
ination of hairs for arlhrospores are useful diag
nostic aids if used correctly (Sparkes e/ aI., 1993). 

Treatment of derma[Ophytosis is aimed at elim
inating infection from affected animals, prevent· 
ing spread and decontam inating the environment. 
Both topical and systemic medications arc used. 
Griseofulvin is the systemic drug of choice. 
However, it is poorly absorbed and should be 
administered with a fauy meal. Griseofulvin is 
teratogenic and contraindicated in pregnant ani
mals. Controversy exists regard ing its dose and 
administration. Microsiz.e formulations (10-
25 mg kg-1 bid) for th ree to six weeks arc 
most commonly recommended (Moridlo, 1991). 
Griseofulvin toxicit), has been increasingly rt.'Cog
nized with leucopenia due to bone marrow sup
pression being the most serious. Recent reports 
indicate that side effects arc not dose dependent 
although Hc\ston (!/ al. (1986) recommend not 
exceeding a total daily dose of 125 mg of 
microsize griseofulvin. Siamese, Abyssinian and 
Himalayan breeds appear predisposed. A possible 
interaction between griseofulvin and feline 
immunodeficiency \·irus in potentiating leuco
penia is being investigated. 

The imidazoles have been variously reco m
mended for treatment of dermatophytosis. 
Ketoconazo lc is not rt.'Commended in cats due to 
toxici ty and the prescnce o f resistant strains 
(Moriello, 1991). lt raconaz.ole is used in the 
treatment of human dermatophytosis. A recent 
comparative study of cats with experimentally 
induced M. canis infections showed itraconazole 
and griseofu lvin to be cqually effective (Moriello 
and DeBoer, 1995a). 

To pical treatment with chlorhexidine (2%) 
and pm·idine-iodine sol utions, enilconazole, 
natamycin and sodium bensuldazie acid appears 
to have minimal effect on the progression of dis
ease (Wright, t989; DeBocr and Morielto, 1995a). 
Lime sulphur dips although unpleasant to usc 
have been recommended as an adjunct to systemic 
therapy (Moriello, 1991). If tOpical therapy is 
used, its efficacy panicularly in lo ng· haired cats 
may be increased by clipping. 

Control measures consist of segreg31ing affected 
animals until they have tWO negative brushings 
eight weeks apart (Wright, 1989). Disinfection of 
fomites including cages, baskets, runs and groom· 
ing equipment is essential. Steam sterilizatio n or 
soaking in 10% formalin, 0.5% sodium hypochlo
rite, 0.5% chlorhexidine are alternatives (Wright, 
1989; Moriello, 1991 ). Disposable contaminated 
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• Oth.r .ndocrlnopathle. 

Thyroid diseas, 
Confi rmed naturall y occurring, acquired hypo
thyroidism has only been reponed in one case 
(Rand et al., 1993). This was associated with sym
metrical alopecia, scaling and mucinosis. Kittens 
with congenital hypothyroidism may have an 
abnormal hair coat (retention of fluffy undercoat) 
but alopC{; ia is nO I a feature Oanes et al., 1991 ). 
Iatrogenic hypothyroidism following bil:llcral 
thyroidectomy docs not cause symmetrical alope
cia although some hai r loss may occur over the 

• pmna. 
Cutaneous signs associated with hypenhy

roidism are uncommon although ovcrgrooming 
and hai r pull ing may result in alopecia. An older 
cat with recent symmetrical hair loss, hyper
activity and weight loss should be ('valuated for 
this dis~as~. 

HYP'fldmnocorlicism 

This is an ~xtr~m~ly uncommon disease in the 
cat. Bilaterally symmetrical alopecia with severe 
thinning and tearing of the skin in association 
with polyuria/polydipsia and pendulous 
abdomen may be seen. Concurrent diabetes melli
tuS is common and is often the major presenting 
sign (Nelson et a/., 1988). Diagnosis is similar to 
that in the dog. Iatrogenic symmetrical alopc..'cia 
has been seen in cats treated for tong periods with 
megOt:stro l acct:ne (Kunkle, 1984). 

I NEOPLASTIC SKtN OtSEASE 

In the feline SPCCi~5, cutaneous neoplasia is second 
only to lymphoproliferative disorders in preva-
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lence of cancer. T he spectrum of tumour types is 
similar to that in the dog but there arc several dif
ferences in prevalence. epidemiology and progno
sis. Treatment modalities are extrapolated largely 
from canine protocols. 

The prevalence of fel ine cutaneous neoplasms 
in different geographic locations is ill ustrated in 
Table47.14. 

• Feline masl ceiliumours 

Mast cell tumours commonly occur as soliury 
nodules with an alopecic or ulcerated surface . 
T hey are mosi likely to be d istributed on Ihe head, 
neck and dorsal trunk. There is an age predilcc
tion fo r older male cats. The biological behaviour 
of this tumour varies. Although malignant mast 
cell tumours with a high degree of anaplasia. 
metastasis, paraneoplastic effects and recurrence 
after removal have been reported (Wilcock et a/., 
1986), the majority have a benign dinic;!.1 course 
unlike their c:mine equivalent. Su rgic;!.l excision is 
often curative and if recurrence occurs, it is not 
associated with diss~mination (Buerger and Scott. 
1987). Spontaneous remission has been reported 
with both solitary tumours and benign histiocytic 
mast cell tumours affecting young Siamese cau 
(Wilcock et al., 1986; Buerger and ScOtt, 1987). 
Therapy with systemic glucocorticoids is of 
debatable benefit. Where surgical excision is 
d ifficult, local treatment with cryotherapy o r 
radiation is usefu l. 

• Flbroma/flbrosarcoma 

These tumours 3re well represented in the 
cal. Multicentric feline S3rcoma virus- induced 

Table 47.14 Origin and relative prevalence (%) ol leline cutaneous neoplasms 

Tumour Origin New Zealand' u,' USA' 

Squamous cell carcinoma Epithelial 52 174 121 
Basal cell carcinoma Epithelial 18.5 14.8 N.S . 
FibfOma Mesenchymal 5.3 2.7 12.1 
Mast cell tumour Mesenchymal 3.3 7.7 73 
Sebaceous adenoma Epilhelial 11 2.3 N.S. 
M!lanoma Mesenchymal 0 2.7 6.3 
Cutaneous lymphoma Mesenchymal 0 2.7 N.S 
Upoma Mesenchymal 0 2.3 6.0 
Haemangloma Mesenchymal 0 0.3 2.3 

'tee (1987), 'Bostock (1977), 'Brode)' (1970). 
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with glucocorticoids and crysOlherapy has b~n 
used but response should be interpreted in the 
light of spontan~us remission. 

I CONGENITAL AND GENETIC 
DERMATOSES 

Skin diseases in this e:Uegory can only be con
u olled by palliative therapy and arc ohen associ
ated with a poor prognosis. Where affected 
animals arc part of a breeding programme, client 
consultation should include advice on neutering 
and investigation of pedigrees. 

Cutaneous aSlhenUi (Ehlers-Danlos syndrome) 
is an uncommon hereditary connective tissue 
disease characterized by hyperextensibility of the 
skin, laxity of joints, b,ck of cutaneous u!Osile 
nrength, multiple full thickness lacer.uions asso
ciated with minimal trauma and subsequent 
scarring of lesions. Inherited recessive cutaneous 
asthenia is reported in the cat and biochemical 
analysis of defective collagen has confirmed a 
deficiency in procollagen peptidase in Hima
layans (Counts and Byers, 1980). 

Hereditary hypotrichosis has been reported as a 
cause of alopecia in the Siamese and Rex brttds. 
The Sphinx cat has 1>«n specifically bred for its 
lack of hair. Manipulation of the Rex mutation 
which prevents :tppropriate development of guard 
hairs produc~ alop«ia in the Devon Rex. 
Histopathological enmination of hair follicles 
reveals normal density of hair folliclcs, but hairs 
arc in telogen and arc unusually fragile. In Siamese 
and Sphinx with alopecia universalis, hair follicles 
are decreased in density. un with hypOirichosis 
are reluctant to groom. Consequently, scaling, 
greasy odour and excessive accumul:ttion of seba
ceous secretions are complications of the alopecia 
(Robinson, 1977). 

Lentigo in ginger cats is a benign condition 
characterized by hyperpi gmented macu les of 
the eyelids, and perioral ski n which become 
more pronounced with incre.1sing age (SCOII, 
1987), 
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the face of low MDA, and, based on results 
obuined at Glasgow Vcterinary School, ad minis
U;ltion of these products at 12 wceks of age gives 
adequate rL'Sponses in 90-95% of pups. 

Where the risk of infection is low, "accination 
with ;lless ;!. u enuated \';!.ccine strain;11 8 weeks (or 
when first presented to a veterinarian), and again 
at 12 weeks will prOle(t the m;ljoriry of pups. 
Whcre 100% protection is regarded ;lS essential, 
an additional vaccine at 16 weeks will induce 
immunity in the small proportion not responding 
at 12 weeks. Where there is;l high risk of inf('1;;tion 
more frequent vaccine doses, e.g. 6, 9 and 12 
weeks may be appropriate. Annual boosters arc 
recommended but may not be necesury with 
modern products. MLV products should not be 
used in pregnant bitches. 

In heavily contaminated kennels, high chal
lenge by virulent virus wi ll overcome MDA and 
induce disease several weeks before inactivated or 
highl y ;luenuated MLV \';lccines C;ln inducC' 
immunit y. Less attenuated vaccines ;!.re the prod
ucts of choicC' in such kennels but, e\'en with these 
products, their use must be combined with reduc
tion of the burden of ch;lllenge to a point where 
vaccination has a reasonable hope of success. 
Thorough cleaning and disinfection arc obvious 
measures although only formalin, bleach and glu
taraldehyde-based products arc likely to be effec
tive. In Britain, several commercial preparations 
have been tested by the Ministry of Agriculture 
against C PV and these products carry specific 
recommC'nd;!.tions for usC'. BrC'aking the infection 
cycle whereby each generation of pups picks up a 
little vi rus and passes out vast amounts in faeces is 
equally impom.nt. This can be achieved by a tem
porary break in breed ing or by removing pups 
from the kennel at an early age before they 
become susceptible. Havi ng a period when no 
suspectible pups are present also gives an oppor
tunity for thorough cleaning of thc puppy accom
modation. If complete depopul:l.l'ion of puppy 
accommodation is impossible, then Strict batching 
of liners with cleaning and disinfection of accom
modation between batches will help reduu virus 
build -up. Care should be taken to prevent cross
infection between b;!.tches by human, animal or .. . 
mammate earners. 

Owners who have lost a pup with C PV ;!.nd 
wish to replace it are better ad\'ised to buy an 
immune dog than to try to elimi nate infection 
from their house and grounds. This can be 
achieved either by replacing the pup with a recov
ered/ asymptomatic littermate. by buying an older 
fully vaccinated dog, o r by finding a cooperative 

breeder who will hold :I pup until a postvaccinal 
serological test shows protective levels of anti
body (these vary depending on the test used and 
the laboratory should be asked for advice). 

crv myocarditis docs not occur in the pups of 
bitches with high circul;!. ting antibody tittes. 
Colostrum-deprived pups may be given hyperim
mune sera, as m:ly the neonal e pups of bitches of 
uncertain antibody status which arc likely to be 
exposed to infectioll, e.g. following C:lesarean. 

I CANINE DISTEMPER 

• Aellology 

Canine distemper virus (CDV) is a morbillivirus 
(family Paramyxoviridae) closely related to 
human me:lSles, cattle rinderpest :lnd the phocine 
(seal) distemper virus (Osterhaus and Vedder, 
1988). CDV is a brge enveloped single-stranded 
RNA virus. It is very susceptible to heat, tight, 
dete'l;ents, acid (pH <4.4), and vinually any dis
infectant. It does not persist for long outside 
infected dogs (Appel and G illespie, 1972). The 
virus survives best :It low temperatures with low 
humidity and is well presen·ed by freeze drying. 

• Epizooliolagy 

Infection results mainly from inhalation of respi
ratory tract secretions either during dog-to-dog 
contact or by aerosol spread over a shan distance 
(Krakowka f!t al., \985). Ingested virus is also 
taken up by o ropharyngeal macrophages but docs 
not survive gastric acid. All infected dogs shed 
virus in all body secretions but excretion is short
lived in subclinical infections and even clinically 
affected dogs do not shed virus after recovery. 
Virus can persist for years in the nen'ous system 
but does not appear to be transmissible. Different 
laboratory strai ns vary in virulence but there is lit
tle work on varying pathogenicity of fi eld strains. 

Distemper is commonest in unvaccinated dogs 
in poorer urban areas. Most cases occur between J 
and 6 mo nths of age as pups that have lost MDA 
start to be allowed out and encounter infection. 
The majority of 2-year-old unvaccinated urban 
dogs have antibody although few have evcr 
shown signs of disease. Cases, at least in Glasgow, 
arc more frequent in latc winter and early spring. 

Persistence o f infection depends on the succes
sion of susceptible pups th:lt is readily av;!.i lable in 
poorer urban areas. In more affluent and less 
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the eNS and/o r the de\'clopment of immune 
responses to it (Vandevelde ('/ al., 1986). 

C learly, many cases tic between these extremes. 
Such dogs may recover from catarrhal disease 
quit(,' welt, possibly as immunity de\'elops more 
gr.Jdually and \·irus is eliminated. They may, 
n.onetheless. develop hyperker.Jtosis or nervous 
sIgns. 

In t!H:ory, since bOlh COV and C PV arc tym
phocytolytic and at least u;msiemly immunosup
pressive, elCposure to either should predispose to 
severe disease if infected with the other. In prac
tice, dual infections appear uncommon, possibly 
due to the different roules of infection. 

• Clinical signs 

These are , 'ery variable, and may be influenced by 
betors such as age, condition, immune Sl3.tUS and, 
possibly, viral strain. Probably 50-70% of infcc
tio ns are illapparem. Many others show only 
short- lived inappetance. fever. lymphadenopathy, 
and oculonasal discharge. A light cough, occa
sional vomiting o r mild diarrhoea may occur. A 
definite clinical diagnosis is often impossible. 

More severe cases start like the mild OlwS but 
signs persist and worsen. The oculonasal dis
charge becomes thick. mucoid or purulcm with 
intensely congested conjunctivae and sclerae. The 
cough becomes harsh, moist and productive, and 
pneumonia with Ilchypnoca and harsh respira
tory sounds dc\'clops. T he tonsils and cervical 

Figure 48.7 Hyperkeratosis of foolpads in canine dis
temper. There are large distinct 'corns ' on the digital 
pads and deep fissuring of the metacarpal pad. Reprinted 
with permission from Veterinary Notes for Dog Owners 
(Ed . T. Turner) (1990). Popular Dogs Publishing Co. 
Chapler 22 Viral and Bacterial Diseases. lAP. 
Mccandlish. 

nodes arc usually enlarged and there is flu ctuating 
(e\'cr. Persistent, pasty to slimy diarrhoea. some
times conuining flecks of blood, is very common 
and there is intermiuem \'omiling. A few cases 
become dehydrated o r develop imussusceptions. 
These signs may come and go for several wttks. 
H yperkeratosis and nen'ous signs appear from 
about 3 weeks after the onset of illness. 

Definite hyperkeratosis (Fig. 48.7) occurs in up 
to 30% of severe cases. Initial mild thickening of 
the footpads, palpable as an ' edge' on dry pads, 
progresses to a thick 'wooden' layer which can be 
deeply fissured and painful. Similar changes occur 
on the rhin:cnum. The ski n is often generally 
scurfy or flaky. Flal, ci rcular pustules on glabrous 
abdominal skin are recorded, usually in younger 
pups, but these also occur independently of COV. 
Dogs infected durin!; development of their per
manent dentition may show enamel hypoplasia 
(Fig. 48. 8). 

It is not possible to predict which dogs will 
de\'c!0p neurological complications. Severely 
affected animals arc more at risk but nervous signs 
do occur in otherwise asymptomatic cases. In a 
few dogs, nervous signs do not develop for 
months or e\'en years after primary infection. Fits 
(seizures), chorea (myoclonus) and spinal cord 
deficits oceur independemly or in combination 
and severely affected dogs are often restless or 
distre5Sed. 

Seizures vary from shan ' l ime-outs' or 
episodes of jaw-champing with elCcess frothy 
saliva to full·blown epileptifo rm convulsions with 
involunt'ary defecation and urination. Severely 
affected animals may develop general stupor or 
status epilepticus. Unilateral to symmetrical 
spinal cord deficits range from mi ld ataxia, 

Figure 48.8 Enamel hypoplasia in canine distemper. 
There are well-defined defects in the enamel layer of 
premolars 2-4. 
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through hind limb paralysis with urinary and 
faecal incontinence to quadriplegia. Some spinal 
deficit! impro\'e with time. Chorea often affccu a 
localized head or limb muscle group but' may be 
more generalized. Chorea is usually, but nOI 
invariably, permanent and may be the only ner
vous sign to develop. COV may also cause mild 
anterior uveitis, optic neuri tis and focal retinal 
degeneration. 

Neonatal infections cause acute fulminant 
encephali tis (Krakowka et al. , 1985) and focal 
cardiomyopathy (H iggins et aI., 1981) experimen
tally but are unusual in practice. 

• DiagnOSis 

Diagnosis on clinical grounds may be impossible 
in mild cases. In more severe cases, the combina
tion of any four of the following should give rise 
to a presu mptive diagnosis of COV; conjunctival 
infl ammation; respiratory signs; diarrhoea; illness 
of 3 weeks or longer; nervous signs. H yper
keratosis with any twO other features is also 
indicative of C OV (Lauder et al., 1954a). 

Routine laboratory tests arc unrewarding. Initial 
lymphopenia seldo m persists and although \·iral 
inclusions can occur in both red and white blood 
cells their detection is exceptional. Neutrophil ia 
may dominate in animals with secondary infec
tions. Biochemical findings are non-specifi c. 

Immunocytochemical detection of viral antigen 
in ai r-driw, acetone-fixed smears of conjunctival 
o r tonsillar epithelium or urin:a.ry sediment is fre
quenrly advoc:nw for diagnosis of acute cases but 
depends on access to a laboratory with :lppro
priate antisera. Staining of similar smears using 
Giemsa type stains will sometimes reveal intr:l
cytoplasmic viral inclusio n bodies but detection 
requires an experienced eye. False negatives arc 
common with both techniques. Viral isolation is 
difficult and usually impr:lctical: cu lture o f nasal 
or o ropharyngc:a.l swabs, even in known cases, is 
almost always negative and the most reliable iso
b.tion method. direct cultur(" o f alveobr lavage 
fl uid, is possible only if one h:u immediate labora
tory access. 

Unfortunately, serological tests, whether b:ued 
o n neutN.lizat;on o r ELISA assays, arc also often 
d iffi cult to interpret. Antibody tines in unvacci
nated :a.nimals merely indicate exposure to the 
virus unless a fourfold rise in titre in paired 
samples or a predominantly IgM response can be 
demonstrated. Moreover, many clinical cases 
arc immunosuppressed and have persistently 
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low rather than the exp« ted rising tit res. 
Interpretation of results in vaccinated animals can 
be impossible. Detection of antibody (lgG) 
against C DV in cerebrospinal flu id (CSF) is virtu
ally d iagnostic in the absence o f vascular damage 
o r blood contamination, since it is produced 
locally and indicates viral replication wi thin the 
brain Qohnson et aI., 1988). Unfortunately, not all 
acutely infected animals develop brain lesions and 
CSF antibody. CSF samples should be submitted 
in plain tubes. 

Thymic atrophy is the only consistent pOSt 
mo rtem find ing. Pneumonia, catarrh:ll enteritis 
and hyperkeratosis may be present but there arc 
no gross ne.rvous lesions (Lauder ct al., 1954b) . 
Tissues for histological confi rmation (in 10% fo r
malin) should include !onsil,lymph node, thymus 
or spleen, lung including a major bronchus, stom
:lch, ileum, urin:lry bladder and brain, including 
the hind br:lin. Lesions arc not always present in 
all tissues and inclusions may be hard to find. 
Snap-frozen fresh tissues for immunocytochemi
cal detection of viral antigen are relevant only 
when a suitably equipped laboratory is available. 

• Treatment 

Treatment is supportive and good nursing is 
essential. Dogs must be kept warm, dry, comfort
able and clean; many prefer d im lighting. Broad 
spectrum ant'ibioti';S arc ind!cated for dogs wi.til 
severe upper respIratory sLgns or pneumoma. 
H ydN.tion must be maintained, orally or systemi
call y as appropriate, :lnd antiemetics and antidiar
rhoeals may be r(quired. A light, high quality diet 
is indicated. Treatment of nervous signs should 
be directed at controlling convulsio ns if they 
develop; phenobarbitone is probably the drug of 
choice. There appears 10 be no advantage in using 
anticonvulsants prophyl:lctically. 

Up to half the cases with a defi ni te clinical diag
nosis die or arc destroyed, usually because o f 
uncontrolled seizures o r paralysis. C horea and 
occasional seizures arc of I en well tolerated by 
both owners and dogs. The owners o f do!>! recov
ering from catarrhal disease should be warned of 
late onset nervo us complications. Recovery may 
take two mo nths o r more. 

• Control 

ML V vaccines are very eff«tive in controlling 
C OY. Studies at G I:ugo ..... Veterinary School o n 
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lrogestion/lnl\al alion 

I 
Lymphoid replication 
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Figure 48 .9 Pathogenesis of Infectious canine hepatilis. 

Figure 48.1 D Many small punctate haemorrhages are 
present on the oral mucosa in this fatal case oIICH. 

crypts, lung, salivary gland, eye and kidney from 
5 DP!. Focal enteritis, bronchiolitis and pneumo
nia arc common. Circulating antibody, detectable 
as early as 5 DPI, clears virus from vessels and 
most tiSSUL'$ by 10 OPt. 

Up to 20% of cases develop corneal oedema 
(Fig. "8.1 2) 7-15 DPI. Early viral-induced lysis of 
uveal and corneal cndothcl i:al cells is followed 
by deposition of immune complexes :md com
plement fixJtion (a type III hypersensitivity 
response) with exudation of fluid and inflamma
tOry cells into the anterior chamber, damage to 
corneal endothelium and corneal oedema (Cunis 
and Barnett, 1983). One o r both eyes may be 
affected. Most cases resolve within 2 weeks but a 
few dogs may have permanant corneal opacity. 

In the kidney, immune ( omple" deposition 
causes a transient glomerulonephri tis at 7- 15 DP!. 
More imporr:r.ntiy. vi rus persistS in renal tubular 

IfTIf'OUOe·medlaled 
uveiti~ and 

corneal oed&ma 

• " • 

• 
Focal Interstitial 
r.epl trlti~ with 
'o'trale)lCr8tion 

Enteri\is _. 

Figure 48.11 Liver in latal ICH. Numerous large in1ra· 
nuclear Inclusion bodies are present in hepatocytes. The 
nuclear membrane 01 affected nuclei is prominent. 
(Haematoxylin and eosin x 400.) 

Figure 48.12 'Blue eye' - corneal opacity due to oedema 
in a 3·month·old Collie pup. 
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Severe L icrerob,temorrhagiar cascs are thrombo
cytopenic and h:l\'c variably increased doning 
times (Navarro and Kociba. 1982). Confirmation 
of d ilgnosis requires dctcction of Leptospir;Je in 
blood or urine or demonstr;Jtion of rising anti
body titres in paired blood samples. Antibody 
levels following significant active infectio n are 
much higher than those achieved by vaccination 
so that single serum samples may be sufficient. 
leptospiral culture is difficult and visualization 
of typica.l spir.d organisms in fresh urine of 
untreat ed C3ses by dark ground or ph3se contrast 

• •• microscopy IS easIer. 
Post-mortem examination of fatal cases of L. 

icrerobaemorrbagiae infection typically reveals 
a jaundiced carcass, widespread serosal and 
mucosal haemorrhages and a swollen bright 
bronze liver. Peracute cases arc merely congested. 
Microscopy reveals diagnostic dissociation of 
hepatocytes (Fig. 48.13); focal nephritis and 
myositis. a.ffecting both skeletal and cardiac mus-

. ~--
Figutl 48.13 Liver in fatal L. (cterohaemorrhagiae infec
tion. There is widespread hepatocellular degeneration 
with dissociation or separation of hepatOcyles from each 
other. (Haematoxylin and eosin)( 450.) 

Figutl 48.14 Kidney in fatal acute L. canicola infection. 
There are numerous white nodules concentrated in the 
deep renal cortex. 

de. arc common. Dogs with aCUle nephritis due to 
L. canicola Ilave swollen kidneys with whi te 
nodular interstital infiltrates, especially at the 
corticomedulbry junction (Fig. 48.14), as well as 
changes due to uraemia such as erosive gastritis or 
intercostal pleu ritis. LeplOspirle C:l.n be demon
strated in tissues by speci:l.l silver stains o r 
immunocytochemical techniques as well as by 
cuhure. 

• Treatment 

Cases with impaired hepatic and/ or renal function 
need inl('nsi\'e supponive therapy with intl':l.
venous Auids. Whole blood :lnd low-dose heparin 
may be needed in L ir:t~roba~morrhagiae cases 
with aS$oci;tted Ole. Penicillin rapidly ;tbolishes 
leplOspiraemia and :lborts many infections before 
liver or renal dan1:lge becomes severe. Strepto. 
mycin :l.nd tetracycline are more effective in elim
inaling infection from renal tubules; they sho uld 
be given for tO-14 days bUI must be used with 
caution in animal~ in renal failure . 

• Control 

The usc of inactivated vaccines in the standard 
vaccination programme appear effecti\'e in con
trolling leptospirosis altho ugh only low levels of 
antibody arc produced and e"en these e:lon be 
detected fo r comparatively shon periods of time . 
At least twO doses are needed but, since there is 
little risk of interference by MDA, inoculation at 
8-9 weeks and again at 12 weeks is suffi cient in 
low-risk areas. Annual revaccination is recom
mended. In semitropical areas with a high pre\'a
lencc of disease. at least three initial doses are 
advised . Vaccination docs nOI prevent asympto
matic shedding. Some countries, e.g. Austrllia and 
Sweden, require negative leptospiral titres before 
permitting impon o f dogs 3nd such animals 
should not be vaccinated before testing. 

Leptospiral vaccines arc the most common 
cause o f post-vaccinal anaph)tJaxis but this is usu
ally induced by components of the culture medi;!. 
rather than the leptospirae. ExperimenuJ v3ccines 
bases on purified outer envelope components 
ha\'e been produced (Bey and Jo hnson, 1982) and 
would be less likely to induce allergic rC3ctions 
than conventional products. 

All suspected cases of leptospirosis shou ld be 
treated with great care to avoid human infection. 
Urine :lnd blood from untreated cases arc the 
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most likely sources of inf~ction . Sinc~ l ~plospir3e 
can penetr3te intact mucosae and skin with minor 
scratches, splashes should be avoided and gloves 
worn. The presence of L icrerohaemorrhagiae in 
a kennel indic:\tes th3t a higher level of rodent 
control is required. 

I RABIES 

• Aetiology 

Rabies is caused by a large, bullet-shaped RNA 
Iyssavirus (family Rhabdoviridae). Its outer enve
lope makes it sensitive to heat, light, deterg;ents 
and disinfectants, and un3ble to survive for long 
outside its mammalian hosts. In addition to 
classical rabies virus, a number of rabies-related 
lyssa viruses have been identified, mainly in bats 
and small rodents in Africa and No rthern Europe 
(WHO Expert Committee on Rabies, 1992), and 
these may also have the potential to cause neuro
logical disease in man and larger mammals. 

• Ep izootiology 

Rabies is the o ldest known canine disease and, 
being until recently almostly im'ariably fata l in 
infected humans, it is also one which has been 
intensely investigated. A number of comprehen
sive reviews arc available and provide detailed 
references (Baer and Wandeler, 1987; C lark and 
Prabhaker. 1985; WHO Expert Committe on 
Rabies, 1992). 

Rabies occurs worldwide except in Australasia, 
Antartica and some islands and peninsular areas. 
Areas currently rabies free include the United 
Kingdom and Eire, Iceland, Japan, Tai wan, 
Norway and Sweden, and Spain :md Po rtugal. 

All mammals Clln be infected but susceptibility 
varies. Wild cllnidae arc highly susceptible, 
domestic dogs moderately so. Rabies is perpetu 
ated by wildlife reservoi rs in all parts of the world, 
e.g. fa xes in the northern hemisphere. skunks and 
raccoons in North America, bals in Central and 
South America. In Asia, Africa and Central and 
South America, feral and stray dogs arc an addi
tional reservoir. 

Transmission is almost always via 3 bite wound. 
Respiratory infection occurs occasionally in bat 
caves where dark damp conditions allow the \·irus 
to survive in aerosols of infected saliva. Most 
human case5 result from infected dog bites 
although in areas where canine vaccination is 
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widespread, infected cats may be as much, if nO[ 
more, o f a problem th.ln dogs. Even in areas with 
a wildlife reservoir, the domestic pet usually 
forms the link between man and wildli fe. 

• Patho geneS iS 

Virus is inoculated into the tissues by a bite, repli
cates locally in muscle, then enters nerve ilXOns at 
neuromuscular junctions or neurotendinal spi n
dles and is transported along axons to the eNS. 
O nce in the CNS, it spreads rapidly along 
neurones and induces behavioural abnormalities 
and progressive lower motor neurone deficits. 
Subsequent centrifugal spread along nervc:s from 
the brain results in localization in salivary glands 
and excretion in u liva. 

The incubation period in dogs is usually 3-9 
weeks but can be as short as 10 days or as lo ng as 
10 months. The incubation period is affected by 
the amount of implanted virus, the richness of 
local innervation and the dista nce from the 
wound to the CNS. Virus excretion can st:lrt 
befo re the onset of clinic:tl signs but not all 
infected dogs excrete virus in saliva. 

• Clin ical si gns 

The rypical r3bid dog shows an initial 2- 3 day 
prodromal phase of altered temperament and 
behaviour: fri endly dogs become shy and ner
vous, reserved animals suddenly :lffectionate. 
They are o ften pyrexic and may chew at the 
wo und site. Duri ng the 1-7 day furious phase, the 
dog reacts excessively to most stimuli, may 
wander fo r long dist3nces, and is spontaneously 
aggressive, atl3cking almost 3nything encoun
tered. Early lower motor neurone signs are obvi
o us as hind limb ataxia o r paresis and parti31 
paralysis of the lower jaw. Furious rabies is often 
absent or shortlived and, ultimately, dumb o r 
paralytic rabies supervenes for the laSt 2-4 days. 
There is progressive paralysis: tile lower jaw 
hangs open drooling saliva, swallowing is diffi 
cult , and the voice al ters due to laryngeal 
paralysis; paraparesis progresses to panplegia, 
quadriplegia. recumbency and termi nal coma. 

De:tth results from respiratory paralysis, usu
<lily within a week (occasionally 10-14 days) of 
initi31 signs. Atypical cases do occur, and recovery 
from experiment:tl infection is recorded (Fekadu 
et al. , 1981), but naturally occurring rabies is 
generall y regarded as invariably fat3!. 
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glomerulonephrit is hut no association between 
the frt.'qucncy of vaccinatio n and the occurrence 
of such diseases has been show n. 

Type II hYPCfSl'llsiti\·ity reactions (antibody
depcnrlciU cYlOlox:ic;ty) result from binding of 
inocul;Hcd amigcn to hoSt cells .and subsl."<jucnt 
destruction of cdl and 3.migcn by antibody. Cases 
of h3cmolytic anaemia and thrombocYlOpcnia 
duc to this mechanism have been reponed follow
ing the use of MLV vaccines ;against parvovirus 
l nd distemper. Severe haemolysis or thrombo
cytopenia sufficient to induce a hacmorrhagic 
diathesis would appear !O be cxccplionally rare 
but care should be taken in animal.s with pre
existing anaemia or haemorrhagic d isorders. The 
suggestion that dective su rgery should be delayed 
for a f~w weeks following vacci n:uion is based o n 
these repons. 
Typ~ IV delayed or c~ll-mcdiated hypersensi

tivity is rare bOl h:llS been ret:ordcd fo llowing the 
use of rabies \'accines produced using nervous 

• tissue. 
In Britain, all suSpttt "dver:re reactions should 

be repon ed to the Vet~rinaf)' M ~dicines 
Diret:tont~ of the Ministf)' o f Agriculture. 
Fisheries and Food (MAFF). as well :lIS to the 
manufacturer. A spet:ific form is available from 
MAFF for this purpose. Conscientious reporting 
of adverse reactions by th~ profession allows ~arly 
warning of problems associated with specific 
vaccines o r vaccine batches, and is a compelling 
reuon for keeping c:lni nc ~'accination under vet
erinary control. Fai lure of r~sponse or vaccin~ 
'br~akdown' is regarded :lIS an adverse reaction 
:lnd should be reported in the same way. 

I CONTROL Of CONTAGIOUS DISEASES 
IN VETERINARY PREMISES 

Acquisi tion of infection during a visit to or a stay 
in veterinary, or indeed medic:l l, pr~mises is :l 
wd l-known hazard. Such nosocomial infections 
range from opponunistic infet:tions of surgical 
wounds to potentially fa tal contagious dis~as~s. It 
may b~ impossible to prevent such infections 
completely but it is the responsibi lity of the v~t 
erinary surgeon to take reasonable pret:autions to 
prevent them and this is becoming more impor
tant as the tendency to r~ort to litigllt ion 
• mcreases. 

Control of many opportunistic infet:tions is 
r~adily achieved by good hygi~n~ and disinftttion 
(G reene, 1990), but control of contagious di sell.S~s 
can be more difficul t. As mentioned above, almost 

the only casts of C PY myocardi tis which we have 
seen in recent years have involved the pups of iso
lated, and usually unvaccinated, bitches which 
have been born by caesarean section where there 
is a strong probability that exposure to inf~ct ion 
occurred in veterinary premises shortly after 
birth. Equally, we have encountered fatal cases of 
CPV enteritis in animals following surgery. 
Sever31 colleagues h3ve been faced with problems 
when it has been cl3imed that ei ther C PV o r COY 
was introduced to previously unaffected kennels 
by animals which were exposed to infcetion dur
ing both short " isits and longer stays in veterinary 
surgeries. In such circumstances, it may])( impor
tant that a veterinary practice is able to demon
str.lte not necessarily that infection did not occur 
on its premises but that it took all reasonable and 
pr.lcticable precautions to control the spread of 
cOnlagious disease. 

First among such prttautions is an awareness 
among both professional and b.y staff of the risks 
of cross-infection. The problems that may arise 
from the extreme resistance o f agents such as CPV 
which can result in ind irect transmission of infec
tion must be understood as must the potential for 
introduction of infection by subclinical cases or 
courier animals. 

Surgeries, kennels, w3iting rooms and other 
areas w here animals arc held should be con
structed so as to allow adequate cleaning and dis
infection. Moreover, there shou ld be a rOUline 
and regular procedure for cleaning and disinfec
tion in all these areas, e.g. examination rooms 
should be cleaned and disinfected after e\'ery 
surgery and examination tables after every client. 
Having a written procedure means that 311 ar~as 
arc considered, that there is no doubt as to policy 
for new members of staff, and that there is 
demonstrable practice concern fo r disease con
trol. Appropriate disinfectants (particularly 
important for resistant organisms such as CPV) 
should ])( used at effective concentrations and for 
ad~uate periods of time. There should be an iso
lation area or facility for dealing with known or 
suspected cases of cOnlagious diseases wh ich must 
be managed as in-patients. Separate clothing, 
instruments and utensi ls should be used in such 
ar(':l.S. 

Equ:l.lly important is warning clients of recog
nizable and pr~ventabl(' risks. This is particularl y 
important in young pups presented for \'accina
tion. These may, with advantage, be kept outside 
in the owner's car until they are due to be seen. If 
they do wait in a reception area, their owners 
should be ad\'ised not to allow them into contact 
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with other animals which might be ill, or perhaps 
more importantly, with the owners (and children) 
of such :mimlls. Um·.lccinlted animals should not 
be admitted except in emergency. This is particu
larly impofulll fOf minor elective surgery but 
dearly there wilt be many times when the risk of 
contl'.lcting an infeCiious disease is far outweighed 
b)' the necessity to pro\·ide treatment. 

Finall),. if cases of nosocomial infeCiions do 
occur, practice policy should be reviewed to 
determinc if additional or stricter procedures 
should be implementl'<i. 

I INFECTIOUS ENTERITIS 

Th is general term is used for acute episodes of 
diarrhoea which are dearly transmissible. The 
most important cause, C PV-2, has already been 
discussed. H owever, infectious enteritis also 
occurs in kennels free from CPV-2 and in CPY
immune dogs. These other infections are consid
ered here. Some cause significant disease on their 
own; others afe generally mild . All may precipi
tate severe diselse following CPV -2 infection. 

• Aetiology 

Many viral, bacterial and parasitic agents have 
been isolated from dogs with acute enteritis 
(Table 48.2). Some are undoubtedly important, 

Tabla 48.2 Agents recovered from dogs with diarrhoea 

A. Major systemiC intections In which diarrhoea is a feature 

canine palVOVirus type 2 
canine distemper virus 
canine adenovirus type I 

B. Agents conllrmed as causing canine enteric pathology 

canine coronavirus 
canine rotavirus (pups) 
canine parvovirus type 1 (neonates) 

GampylotJactBfSPP 
SalmOll8/Ja spp. 

C. Agents identified but 01 undetermined pathogenicity 

E COli 
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whereas others are uncommon, have little appar
ent pathogenicity, or are of unknown significance. 
Mixed infections arc common. Zoonotic bacterial 
infections are particularly important. Helminth 
infections:are unlikely causes of acute diarrhoea. 

• Epizootiology 

Infectious entcritis is spread by direct contact and 
environmental contamination. It is commonest 
in kennels but also occurs in individual dogs. 
Infection may be acquired initially from contami
nated food or ware:r but subsequently spread by 
dog-w-dog transfer or environmenlal cOnlamina
tion. Infectious enteril is is more common, and 
generally more se\'ere, in pups. Some specific 
information is available for particular agenls. 

Canine corona virus (CCV) is elosely related to 
fcline coronavirus (and transmissible gastroenteri
tis virus of pigs). Cani ne strains may also infect 
cats. This enveloped RNA virus docs not survive 
well outside the body and is difficult to isolate 
from olher than very fresh material. Antibody to 
CCV is widespread (Binn tt al., 1981; Tennant et 
al., 1991) but cli nical disease is uncommon and 
severe disease even rarer (Carmichael and Bi nn, 
1981). Immunity may be short lived and asympto
matic intermittent excretors may occur. Other 
viruses, such as rotavirus and astrovirus, are more 
resistant, may persist in the environment. and are 
probably significant mainly in young pups. 

/scspora spp 
Giardiil SilP 

Astrovlrus 
calicivirus 
Herpesvirus 
Parainfluenza virus 

ClostridIUm perfringens 
Shigella SilP. 

Cryptospondium SIlP. 
Other COCCidial and 
protozoan parasites 

Yersmia enferocolllica 



cough is often harsh and irri tating but sometimes 
moist and productive. Severely affected dogs suf
fer from paroxysms of coughing, oh en brought 
on by excitement or exercise. which end with 
retching. Owners may suggest the dog is trying to 
vomit (recently fed dogs may aClUally do so) or 
that there is some pharyngeal obstruction. 

Sneezing, a serous or mucoid to mucopuru lent 
nasal discharge, pharyngitis and enlargement of 
tonsils and local nodes can occur and may occa
sionally be the only findings. Most dogs remain 
bright. Pyrexia, anorexia and depression occur 
only if there is complicating pneumonia. This is 
more likely in the very young or very old, in 
animals with chro nic problems such as cardiac 
failure, or in dogs with pre-existing respiratory 
disease such as tracheal collapse. Pups wi th CAV
induced disease are often tachypnoeic for a few 
days due to bronchiolitis but usually remain 
bright and active. 

Most cases recover spontaneously and unevent
fully within 2 weeks though some may take up to 
a month. A very few develop chronic bronchitis. 

• Diagnosis 

The clinical signs are sufficiently chlrlcteristic to 
make a general diagnosis but carly d istemper must 
be considered in some cases. 

Determination of the agents invoh'ed cannot 
usually be justified in individual cases and is diffi
cult even in kennel outbreaks. Normal bacterial 
fl ora can interfere with isolation of B. bronchi
septica from nasal and pharyngeal swabs. Samples 
from the tracheal bifurcation are more reliable but 
are difficult to obtain without recourse to general 
anaesthesia. Virus isolation is likely to succeed 
only early in the course of infection. Serology can 
be undertaken but detection of rising titres is 
necessary since antibodies arc widespread fro m 
both natural infection and vaccination and false 

• negallv.es can occur. 

• Treatment 

Owners may need reassurance more than their 
dogs need treatment. Most cases recover sponta
neously. Antimicrobials are indicated if there is 
pyrexia., d~pre$s ion, other evidence of pneumo
nia., o r a risk of transmission to more susceptible 
dogs. Ampicillin, oxytetracycline and trimetho
prim-sulphonamide combinations are usually 
active against B. bronchisl.'ptica and achieve 
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re:ason:lble levels in respirato ry tract secretions. 
Systemic antibiotics should be given :It m:lximal 
levels for at least 10 days (McCand lish and 
Thompson, 1976). Aerosoli7.ation of :antibiotics 
such as kan:amycin and gentamycin reduces the 
burden o f B. bronchjsl.'ptica (Bemis and Appel, 
1977) but is o ften impracticable. 

Glucoconicoids and antitussives relieve harsh, 
irri tating o r paroxysmal coughing but :Ire contr:!
indicated in animals with pneumonia or moist 
productive coughs. Bronchodil:uors have also 
been used in dogs with paroxysmal cough but arc 
o f unproven effiClCY. The "alue of mucolytics and 
expcctOr.l.nts in dogs with productive coughs is 
equally uncertain but they wi ll cause no harm and 
can give all anxious owner something to do. 

Avoiding excitement and exercise wi ll help 
reduce a paroxysmal cough as will changing from 
a col1 :1r to a shoulder harness. Racing dogs should 
not resume full training until they have com
pletely recovered. 

• Cnntrnl 

MLV-CAV \'accines against ICH provide good 
protection against C AV·associated respirato ry 
disease and v:lccines against both B. bronchiseptica 
and CPIV are also available. Since local immunity 
is more impo rtant than systemic responses with 
the latter two infections, intranasal vaccines 
should be more effective than parenteral prepara
tions but even locally administered products are 
unlikely to induce 100% protection. 

Live attenuated intranasal B. bronchiseptic" 
vaccine is available in many countries either as a 
single component or a combined C PIV product 
(Shade and Goodnow, 1979; Chladek et al. , 1981). 
Only a single inoculation is required initially but 
annual boosters are recommended. Since imr.masal 
\'accines are no t blocked by low levels of mater
nally derived antibody, and protection against B. 
brollchiseplica can be detected as early as 4 days 
after inoculation (Bey et aI., 1981), these productS 
may be of value both for early (from 6 weeks of 
age) "accination of pups in kennels with enzootic 
disease and for providing rapid protection during 
d isease outbreaks. Paremerally administered inac
tivated B. bronchiseptica and MLV CPIV products 
arc also available in many countries. In general, two 
inoculatio ns are recommended for the initial 
course with annual boosters but they are pro bably 
less effective than intranasal products in prevent
ingshedding of infective agents (Emery et al., 1976; 
McCandlish et al., 1978). 
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T~ble 48.4 Agents Isolated from canine abortions and stillbirths or from PUllS dying in the rM!onatat period 

A.. Viruses 
(i) Shown to cause significant disease 

canine herpesvirus 
(ii) Uncommonlylfarely iso~ted 

CPV-2 
canine mmute virus (CPV-l) 
canine rotavirus 

B. Baeltri. 

CAV-l 
CDV 

(i) Specific pathogens 
8rucella spp. 
GampyfotJacterspp. 
Leptospira spp 
Salmonella spp. 
Bacillus plliformiS 
Yerslnia enteroccltlica 

(II) Components 01 'normal' !lora 
E coli 
Mycoplasma spp. 
Staphylococcus spp. 
Streptococcus spp. 
Pasteurella spp. 

C. Parull.1 
Toxop/asma grlm1li 
Toxocara canis 

Heavy prclI3t31 infection with Toxocara canis 
exceptionally causes pneumonia and poor condi
tion in pups less lh:m 2 weeks old in association 
with visceral migration (Parsons, 1991). 
T r:al1splacental transmiSSion of Toxoplasma 
gonJii (Capen and Cole, 1966) rarely results in 
disseminated neonatal disease with a variety of 
signs referable to involvement of the central 
nen'ous system, liver and lungs_ 

Epizootiology and pathogenesis 

Most neonatal infections result from oronasal 
uptake ei ther from the environment o r from the 
bitch during or after whelping. Bacteria may also 
invade via the umbilicus or through skin abra
sions o r docking o r declawing wounds. Dirt}' 
whelping accommodation increases the risk of 
infection. 

Some baCl(~ria are non-palhogenic for adults 
but may induce d isease in neonates, e.g. entero
toxin-producing E. coli C:ln probably C:lUSC pro
fuse fluid diarrhoea in neonate pups just as they 
do in OIller species. Moreover, many org-anisms 
which are normal commensals o r low-grade 
pathogens in adults grow rapidly in neonates, p:lr
ticularly if they :lre colostrum deprived, chilled o r 
OIherwise stressed. Pups derive only 5-10% of 
their dams' antibody titres by placellIal transfer 
and arc susccptible to many infections ulllil after 
adequate colostral absorption. Chilling allows 
systemic spread o f CH V and also decreases non
specific defences against bacteria. 

Localized infectio ns such as enteritis or pneu
monia do occur and may be associ:lted with :l 
wide range o f organisms bUt there is often 
generalized spread and developmelll of either 
septicaemia or endotoxaemia or muhifocal 
inflammation and necrosis. 

Clinical signs 

Most pups with nconalal infections show broad ly 
similar signs. The entire liner or only some of the 
pups may be affected. An initial failure to gain 
weight often gocs unnoticed until the pup loses its 
normal sieck plump appC:lrance, stops sucking 
and cries restlessly. Dehydration and laboured 
bre:lthing may be noted. As the pup deteriorates, 
it becomes quiet and cold. Episodes of limb pad
dling. opistholonus and periods of apnoea occur 
terminally. Close examination m:ly reveal mo re 
specific signs such as d iarrhoea, nasal discharge or 
a discharging navel. Many exudates are cleaned 
away by the bitch although she may :llso rejcct a 
sick pup. Small red or black sores under the chin 
or on the feet may indic:lte staphylococcal 
dermatitis :lnd septicaemia. 

DI.gnosls 

It is genenally impossible to make an aetiologieal 
diagnosis o f 'fading pups' on clinical grounds. 
Post-morrem examination is needed to rule out 
trauma and congenital defects; in some pups 
there may be evidence of mismothcring such as 



considered. Response to treatment may support a 
diagnosis o f Lyme disease. 

rfl,tm.nl,nd control 

Oral tetracycline (22 mg k~- ' tid) or ampicillin 
(20 mg klf' tid) for 10-14 days has been recom
mended, based on experience in humans. and may 
produce rapid relief from pain :md lameness. 
Refractory chronic cases may respond to intra
veno us penicillin G (22 000 uniu kg-I qid for 
7 days). Non-steroidal anti-inflammatory agents 
can be used to manage pain but steroids are con
traindicated since they may cause recrudescence 
of infection. Ticks should be removed as early as 
possible. An inactivated vaccine is now :lVailable 
in the United States for use in :treas with high 
preV:llance of infeetion (Levy ct al .• 1992). 

• Actinomycosis and nocardiosis 

These are uncommon infections. more frequent in 
rural are:tS and usu:tlly :tHecting only one animal 
with occasional small dusters in working or hunt
ing dogs. Two main syndromes occur (Hardie. 
1990): first, subcutaneous pyogranulom:1tous cel
lulitis; second, severe pleurisy with empyema or 
less commonly peritonitis. Dissemin:ated disease 
is rare. Actinomyces spp. arc normal or:tl com
mensa[s where;u Nocardia spp. are soil sapro
phytes. Both are slender long Gram-positive 
organisms which form branching ch:ains and both 
p roduce small ydlow macrocolonies or 'sulphur 
gn.nules'. Nocardia spp. an~ moderately acid fut 
whereas :lctinomycetcs are not. 

Subcuuneouslesions appear as irregul:tr nodu
lar masses with discharging necrotic tracts and 
are prob:tbly caused by implant:ttion. ll1ere may 
be loc:tlized osteomyelitis. Treatment involves 
drain:tge, or possibly loc:tl ucision :tnd/or 
debridement, :tnd :tppropriatc antimicrobial 
therapy. 

The route of infection in animals with pleurisy 
or peritonitis is seldom apparent; primary pneu
monia or enteritis is rare. Dogs with serosal 
lesions are usually dull. fevered and anorexic. 
Pleurisy and empyema C:luse dyspnoea and 
exercise intolennce whereas peritonitis results in 
abdominal swelling and palpable masses. The 
serosae arc covered by thick, reddish brown, vel
vety tissue (Fig. 48. 18) and a copious dirty-brown 
to red, serosanguinous fluid is produced which 
may conain the classic 'sulphur' granules. 
Treatment requires surgical drainage and regular 
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Figure 48.18 Parietal pleura from dog with actinomyco
sis. The pleura is covered by an irregularly thick layer of 
haemorrhagic granulation tissue. 

lavage and :antimicrobial therapy for up to 6-8 
weeks. Choice of antibiotic should be based on 
culture and sensitivity tests but most cases of 
actinomycosis respond well to high dose.!l of si m
ple penicillins. Antibiotics such as c1indamycin o r 
erythromycin mOly be lri«i in refractory cases. 
N ocardosis is often mo re intractable; in 1Jitro sen
Silivity may no t reflttt in (lWO response but many 
cases respond to su lphonamides. Antimicrobials 
should be administered sym!mically but may :also 
be included in l:avage fl uids provided care is taken 
to prevent overdos:age. Early pleural infections 
respond much better than late-st:age cases with 
extensive pleural thickening. Pleural stripping C;tll 
be mempted in these cues. 

• Mycobacterlat Intectlons 

Canine tuberculosis is rare. In dc\'elopcd coun
tries. it is ;tlmost always the result of infcrtion 
with Mycobactl!rillm tHb~rculosis from human 
cases. As in hum:alls, the canine disease is ty pified 
by chronic coughing, persistent pyrexi:a :and 
weight loss (Liu ct aI., 1980). There arc cavitating 
pulmonary masses with enlarged bronchial lymph 
nodes and serous pleural and pericardial effusions 
are common. Hypertrophic pulmonary osteo
pathy (Marie's di.!lea.se) may develop. Intestinal 
lesions with enlargtd mesenteric nodes or hepatic 
nodules are uncommon in dogs with human 
tuberculosis but groanulomas are frequentl y found 
in the kidneys and o rganisms may be shed in 
urine. Diagnosis is prim:arily by demonstration 
of :tcid-fast organisms in aspirates :and tissues. 
Tre;ttment of dogs with tuberculosis is rudy 



fluids or wound exudates are inoculated into man 
through abraded skin or puncture wounds, e.g. 
bites. Cases in Northern Europe and North 
Americ;!. almost always involve imported animals 
(Longstaffe and Guy, 1986; Bravo et ai., 1993). 
Infection can become cst:l.bl ished in new areas if 
suitable vectors exist. 

Pathogenesis and pathology 

Leishmania is an obligate intracellular parasite. In 
sandflies, it multiplies in gut cells as fl agellated 
promastigotes which ;!.ccumul:lte in the pharynx. 
These arc inoculated into mammals when the fly 
bites, are taken up by macrophages and undergo 
repeated binary fission as non·flagellated amastig· 
otes. They eventually kill the cell, and are relcased 
to parasitize yet more monocytes. Local multipli· 
cation is followed by spread to local lymph nodes 
and gradu;l.\ dissemination through the body. The 
transmission cyele is completed when other sand· 
fli es arc infected by ingestion of parasitized 
m;!.crophages in blood or tissue fluid . 

Overt disease may not develop for ye;!.rs, 
depending on the effectiveness of the host's cell· 
mediated (f ·edl) immune response. General 
Iymph;l.denopathy is one of the most consistent 
findings. Parasites ;!.re found in swollen mono
nuclear phagocytes in distended lymph node 
sinuses. T-cell areas are generally depleted but 
B·cell areas are expanded due to unregulated 
proliferation partly directed ag;!.inst Leishmania 
antigens but partly caused by non-specific poly
clonal B-cell activation. 

Spread to mononuclear phagocytes throughout 
the body causes splenic and hepatic enlargement, 
bone marrow dysfunction and anaemia, and 
alimentary, respiratory and ocular disease. 
Moreover, the marked B-cell reaction causes 
hyperglobulinaemia and immune complex dis
ease. Glomerulonephritis with progressive renal 
failure is one of the commonest C;l.uses of 
death. Haemopoietic abnormalities also occur. 
Autoantibodies may induce haemolytic anaemia 
and thrombocytopenia whereas hyperglobulin
aemia can interfere with fibrin polymerization 
and induce h:l.emorrhagic diathesis with epistaxis, 
haematuria or melaena. Formation of cryoglobu
Lins can cause precipitation and occlusion of small 
vessels in cold conditions with ischaemic necrosis 
of extremities. 

Clinical signs 

Canine leishmaniasis is a chronic multisystemic 
disease (Kontos and Koutinas, 1993). Skin lesions 
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arc usual. The face, especially round the eyes, nose 
and cars, ;!.nd feet are often affected but lesions 
can be generalized. The hair is thin and brill Ie, 
the skin scaly, thickened and sometimes depig
mented, and the nails arc often long and brittle. 
Cutaneous or mucocutaneous plaques or nodules 
may develop and these may become eroded or 
more extensively ulcerated. Viscenl dise:l.se com
monly :l.ppears as generalized lymphadenopathy, 
weight loss and anorexia but clinic:l.l signs can be 
protean. Vomiting, diarrhoea, polyuria, poly
dipsia, epistax..is, and respiratory and ocular signs 
may all occur. 

Diagnosis 

leishmaniasis should be suspected in dogs with 
skin disease, Iymph;!.denop;!.thy and other evi
dence of systemic disease. In non-endemic areas, 
the condition occurs in imponed dogs, often ;!.fter 
several years, and may be confused with lym
phoid malignancy. Hyperglobulinaemi;!. is ch;!. rac
teristic but other biochemical changes arc very 
variable. Anaemia, thrombocytopenia and lym
phopenia are common. Lymph node and marrow 
aspirates will demOnStr;!'le the ;!.mastigotes in 
macrophagcs although a careful search is required 
in early cases. They are also visible on biopsy of 
skin nodules or lymph nodes (Fig. 48.19). 

Tlllatmsnt 

Early c:l.ses with few viscerals;gns respond well to 
treatment but complete e1imin;!.tion of the organ
ism is unlikely and relapses can be expected. The 
prognosis in cases with significant renal disease is 

.. 
• 

Figure 48.19 leishmania amastigotes in cytoplasm 01 
macrophage. lymph node aspirate. (Giemsa x 1000.) 
Picture by courtesy 01 Dr P.E. McNeil. 
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cause gastrointestinal upset. Sulphonamides or 
synergistic combinations of sulphonamide (sul
phadiazine 30 mg kg-I bid) and pyrimethamine 
.(0.5 mg kg-I bid) by mouth for up to a fortnight 
can also be used. 

infected dogs pose no h3Zard to people pro
vided infected dog tissues or fluids do not conta
minate wounds. Qwnen of infected dogs should, 
however, be warned of the risks of cat faeces and 
uncooked meat for themselves as well as their 
dogs. 

• N.osporosis 

ABlio/OIY 

Neospora caninum is a recently recognized proto
zoal parasite of dogs (Dubey, 1990). It forms tis
sue cysts similar to T. gonJii and has probably 
been mistaken for toxoplasma in the past. A very 
similar, if not identical parasite is increasingly 
~ing recognized as a cause of abortion, and 
neonatal paresis and encephalomyelitis in cattle 
(frees et al., 1994). The life cycle of N. caninllm 
is unknown bur is assumed to be similar to 
Toxoplasma. Only tissue forms have been found 
in dogs and the definitive host in which oocySts 
develop has not been identified. Congenital trans
mission can occur in dogs. Antibody has been 
detected in up to 13% of UK dogs (Trees et aI., 
1993). 

Pathotogy 

As in toxoplasmosis, multiplying tachyzooites 
cause cell necrosis and inflammation. Lesions 
occur mainly in skeletal museles and nervous 
tissues, especially nerve roots, with some foci in 
hean, skin and subcutis, and other organs. Both 
tachyzooites and tissue cysts arc found. 

CllnlC6I signs 

The commonest finding is progressive ascending 
pandysis due to a polyradiculomyosilis in both 
young (2-6 months) ;md older dogs. The hind 
limbs arc often most severely affected. Muscle 
atrophy and stiffness progress to marked muscu
lar rigidity with paralysis. Rigidity is caused 
partly by fibrosis of affected muscles and panly 
by nerve root lesions inducing lower mOto r neu
rone deficits. There may also be areas of dermati
tis with subcutaneous nodules. Ascending lesions 
may cause cervical weakness, dysphagia and 
death. 
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Diagnosis 

In an animal with suspicious clinical signs, a posi
tive antibody test will help confi rm the diagnosis . 
Clinical cases usually have titres .. 800 by indirect 
flu orescent antibody tests. In other animals, the 
presence of antibody indicates exposure rather 
than disease with titres ... 800. There is little cross
reactio n with T. gomiii. Muscle biopsies or CSF 
analysis may reveal thick-waJlrd tissue cysts or 
indi"idual tachyzooites lying frec in cell cyto
plasm. In comparison, toxoplasma cysts are thin
walled and tachyzooites are found in cytoplasmic 
vacuoles. Immunocytochemical stains will con
firm which organism is involved. In fatal cases, 
histological examination of muscle, spinal cord 
and brain will confirm the diagnosis. 

rrtlalmBnl 

Treatment as for toxo plasmosis has been sug
gested but is likely to be effeetive only if under
taken before muscle fibrosis and contraction have 
dc\·eloped. 

I RICKETTSIAL INFECTIONS 

Several fo rms of rickettsial infection may occur in 
the dog. These include: salmon poisoning disease 
of North Western America, in which the causative 
agent Neoricketlsia helmimhoeca is transmitted 
by a canine intestinal trematode which the dog 
acquires from eating raw o r undercooked Pacific 
salmon; tick- transmitted Rocky Mountain spOt
ted fever in Northern America and similar arthro
pod borne infe<:tions in Asia; and Q-fever which, 
although occurring in humans and a variety of 
domestic species worldwide, has only rarely been 
recognized in the dog. Neither salmon poisoning 
disease nor Rocky Mountain spotted f"'cr has 
been recognized in British dogs, but one canine 
rickeusia, Ehrlichia callis, does occur in the 
Mediterranean basin and may be encountered in 
imported animals. 

• Ehrllchlo,ls 

ABliology 

The obligate intracellular microorganism 
Ehrlich;a canis is found in warm temperate and 
tropical areas worldwide and is t ransmitted 
between suspectible dogs by arthropod vectors, 
usually ticks (Woody and Hoskins, 1991). The 
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vinually <III canine infectious distlses :arc 10 be found 
111: 
Greene, e.A. (Ed.) (1990) [l/ftct£oIlS Distam of tlu 

Dog and Cat (1990) W.B. Saunders, Phibdelphia. 
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Infectious Diseases of the Cat 
R. M. Gaskell and M. Bennett 

Feline panleucopenia 959 
Infedious upper respiratory disease complex 960 
Feline leukaemia virus 966 
Feline Immunodeficiency virus 969 
Feline coronavirus infection 971 
Enteric inlectlons 973 

TIt.: aim of this chapter is to review the major 
infectious diseases of cats which afe commonly 
encountered in the UK. Other, less common 
infections 3rc also referred to which may occur in 
impon:d or quarantined :lOim2!S or which arc 
zoonouc. 

I FELINE PANLEUCOPENIA 

Feline panleucopenia is a highly infectious d isease 
found worldwide in domestic and big cats, and in 
some other species such as mink and racoon. 
However, in domestic C;lts in many pan s o f the 
world the disease has now largely been controlled 
by vaccination, and 50 clinical disease tends to 
occur only in animals from. for example. rescue 
catteries. where vaccination may not have been 
carried out. 

Feline panleucopenia is caused by a parvovirus, 
a small, si ngle·stranded DNA virus. Parvoviruses 
are very hardy and can readily survive outside 
their host. They are easily transmi ned by person· 
ne! o r on fo mites and are resistant to many disin· 
fectm ts, They m3Y persist in infected premises for 
up to a yeu, 

• Palhove.esls 

Infection is oronasal and the virus probably mul· 
tiplies initially in o ropharyngeal tissues (G reene 
:md ScOtt, 1990; Gaskell, 1994). The virus then 

Feline cowpox 97' 
Other virus infections 976 
Cellulitis and abscess formation 977 
Other bacterial infections 978 
Miscellaneous Infections 980 

spruds to its main target tissu ~'S. the rapidly 
dividing cells of the bone marrow, lymphoid tis· 
sues, and intestinal epithelium, thus giving rise to 
the characteris tic clinical signs of panleucopenia 
and enteritis. In fetal or newborn kittens, infec· 
tion resul ts in cerebellar hypoplu ia and ataxia, 
whereas infection o f the early embryo may result 
in resorption or abonion, The severity o f disease 
is often made worse by secondary infections, for 
example in the gut, especially since the d isease 
itself is immunosuppressive, 

• Cllnl.al signs 

Classic feline panleucopenia is primarily a disease 
of kiltens. characterized by profound depressio n, 
pyrexia, anorexia. \'omiting, dehydration, diar· 
rhoea and often death (Carpenter, 1971; Greene 
and SCOtt, 1990), Diarrhoea may be a late sign and 
kittens may die before it becomes clinically appar· 
ent. Cats may be described as 'very depressed and 
sitting over 11 water bowl but not drinking'. 
Sometimes, however, the disease is much milder, 
with transient fever and leucopeni:t, and in many 
cases, infection is subclinical. 

Feline 3taxi3, caused by infection of the fetal or 
neonatal cerebellum, is a non · progressive sym· 
metrical ataxia often :lSsoci3tcd with 3n intention 
tremor. It is usually fi rst recognized as kittens 
stan to walk but in some cases may not be appar· 
em until weaning. The severiry varies according to 
the degree of cerebellar damage and not all the 
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964 I INfECTIOUS DISEASES OfTHE CAT 

time. but arc more likely to occur aher a stress, 
such as a change of cnvironrm' llt (for example, 
goi ng to a cat show, to stud, o r into a boarding 
cattery) o r during lactation. Treatment with cor
ticosteroids may also induec virus shl-dding. Virus 
shedding usually does not start until about a week 
after the stressfu l episode, and may then continue 
for up to two weeks. In some C:lses, shedding 
carriers m3.y show mild eliniC3.1 signs. 

Unlike FJ-iV carriers. FCV carriers shed virus 
morc-or-Iess cominuously in o ral sccrctiol1s. 
Such animals arc thcrefore a constam source of 
infection to suscc:ptiblc C:'lts. Aftcr infection. most 
catS slled feline calicivirus for severnl weeks. but 
thc:n, after a ,'ari:lble time, indi.·idual animals 
:lppe3.r to eliminate the virus. Howe\'cr, some :lni
mals rc:main lifelong carriers. [t has bc:en found 
th:1I FIV infection may increase both the :'Imoullt 
and duration of shedding aher FCV challenge 
(D3.wson 1.'1 al., 199 1; Reubel n al., 1994). 

FC V carriers may be classified into high, 
medium or low level carriers, depending on 
the :'Imoullt of virus lhal they normally shed. 
Although all arc infectious, vi rus is more easily 
spread from high level carriers. Low le\'el C3.rriers 
arc not so infectious and may be more d ifficul t to 
detect, requiring several oropharyngeal swabs to 
be taken over a period of 4-6 weeks. FCV carriers 
arc very common in the general cat population; 
bdore \'accination W:lS intnxluced, approximately 
40% of colony cal5. 25% of show cats and 8% of 
household pets were carrying the virus. Recent 
surveys have confi rmed the virus is still wide
spread. Approximately 20"/" of general pr.lctice 
and hospital cases, eX:'Imined for re3.sons other 
th;l.l1 respirntory disease, and 25% of apparently 
healthy show cats arc positi .. e for FCV (Knowles 
rt "/., 1989; H:lrbour /!t al., 1991; CouttS rt al., 
1994). 

Feline C.pslttaci infection 

Although many species of animals :lnd birds arc 
susceptible to C. psiltao inf«lion. there arc 3. 
number of strains of the o rg3.nism with different 
tropisms, p3.thogenicit'Y and host specificity. 
Although somt' art' zoonotic, the fcline strain 
generall y appears to be species sp«ific. Like the 
fclinc respiratory viruses, chlamydiJ.1 infection is 
probably transmitted mainly by direct or fomite 
contact with infcctious discharges fro m acutely or 
chronically infected cats. Clinical signs may per
sist or recur for some time and shedding may per
sist for se\'cral months. The organism is found 
Ill;l.;nl)' ill ocular secretions. Vagin:ll and rectal 

shedding has also been recorded in experimentally 
infected cats but the epidemiological signific;l.nce 
of this is unknown. 

Bordetella bronchlseptica infection 

8. bronchisrptica is widespread in the cat popul:l
tion; sut'veys have shown that the majority of cats 
h:lve antibody 3.nd the org3.l\i5111 has been isolated 
from up to II % of calS with or without respira
tory dise3.se (McArdle et 0.1., 1994; Binns rl al., 
1995). Some of these cats :lppear to be clinically 
healthy carriers. Although infection is wide
spread, disease tends to occur in colony situations 
where other factors, such as stress and o \'cr
crowdi ng 3.nd infection with other respirato ry 
pathogens, m:ly also playa role. Whether or nOt 
interspecies lf3.nsmission (e.g. C3. l S to dogs) occurs 
in the field has nOt yet been establi shed. 

• Prevention and control 

Viral respiralorr disease 

'nlere are three types of v3.ccine aV3.i lable in the 
U K for the protcction of cats against viral respira
tory disease: modified li\'e systemic, modified live 
intranasal and inactivated adjuvanted systemic 
(Gaskell, 1981, 1989; G3.skell and Dawson, 1994). 
Gencrally, such vacci nes arc reasonably effecti\'c 
in providing pro rection against clin ical disease, 
though not necessarily ag:lins[ infection, and ;tIl 
may be used with reason:lblc confidence in rou 
tine \·accination programmes. liowcver. they do 
h:'lve some lim it:'l tions and control is best 
attempted through a combination of vaccination 
and lIlan3.gCnlent. 

All household pC'tS should be regularly vacd
n:lred. Cats are most likely to be exposed to the 
respiratory viruses when entering a boarding 
c:lllery or:l vererinary hospital. Ideally a friend or 
neighbour shou ld feed the cat while the owner is 
on holiday to avoid strcss and cont:lct with other 
cats. If the cat docs go to a boarding cattery, then 
it should be gi\'en a booster vacein:lrioll before 
ellfry unless it h:ls been \'aeci nated within the 
previous 6 months. 

All cats admitted to a boarding cattery should 
h;l\'e :In up-to-date vaccination record. \'(Ihere 
\'accin3.tion has lapsed for longer than 18 months 
it is advisable to gi \'e a full course. In exceptional 
circumsrances, when rapid protection is required, 
intranasal v3.ccine may bc used. Howe\'cr, such 
vacci nes ma)' themsel ves induce mild clinic3.l . 
sIgns. 
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cats (average age 8 years) characterized by the 
presence of :1bdominal m:1sses, mainly between 
duodenum and colon, al though sometimes the 
tulllOUrs are more diffuse. Mesenteric lymph 
nodes :1nd occasionall y the kidneys may also be 
ilwolved. Clinical signs include anorexia, weight 
loss, vomiting (i f there is high obstruction) or 
somctimes diarrhoea. Affected eats arc often 
anaemic. Di!'l j;nosis is based on the clinical signs, 
abdominal palpation, radiography and laparo· 
IOm y. Only 30"/" of cats with alimemary Iym
phosaroma :Ire FeLV positive. 

Lymphoid Icukaemia prim:lrily involves the 
bone l11 :1 rrOW, :lnd hacm:llOgenous spread of 
leukaemic cells ohen resuhs in sceond:lry infihra
tion of other organs such as thc li\'er and spleen. 
The proliferation of neoplaslic lymphocytes and 
lymphobJasts may also affect normal haemo
poiesis. Th us, affected cats often havc a raiscd 
white ccll COUIlt and may be bOlh anaemic and 
th rombocYlOpenic; the LlI1er, if sc\'ere, may cause 
petechial haemorrhages on Ihe skin and mucous 
membranes. Cl in ical signs incl ude pyrexia., weak
ness, loss of appetite, o ften an enlarged spleen but 
rarely enlarged lymph nodes. Blood smears will 
oft en comain neoplastic cells. A bone marrow 
biopsy aspirate may also be useful. Approxi
mately 60% affected cats arc FeLV positi\·e. 

In addition to tile above, lymphosarcoma may 
a. lso im'olve the kidneys, nose, eyes, central 
nen-ous system (CNS) or skin. 

Myeloid leukacmia is relatively unCOtlltll0n and 
may invol ve granulocytes or erythroid cells o r 
both . It arises in bone llIarrow but secondary neo
plastic infiltrat es may be found in the li\'er, spleen 
and lymph nodes. Clinical signs include progres
sive anaemia, illlerm itlent pyrexia and weight 
loss. Th rombocytopenia l11ay result in petechial 
haemorrhage, and leucopenia may cause immuno
suppression and secondar), infections. Diagnosis 
is based on bone m:lrfOW aspiration biopsy and 
haem:llology. The majori ty of a{(ected cats arc 
FeL V positive, the main exception being cats with 
eosi no)'llilic leukaemia wh ich are usually, but not 
alw:lYs, FeL V negative (Swenson et al., 1993). 

Non-neoplastic FeLV related disease 

Anaem ia 
Anaemia is rclati \'cly common in cats compared 
to other species and FcLV infection is probably 
the most importa.JlI cause of anaemia in cats. It 
may be primary or the result of lymphoid o r 
myeloid leukaemia interfering with normal 
haemopoiesis. Primary red cell aplasia causes a. 

rapid onSet, nOflnocytic, normochromic, non
regenerative anaemia. The PC V oft en drops to 
less than 10% but the white cell COUtll is normal. 
More rarely, anaemia may be associated with total 
marrow aplasia, with se\'ere leucopenia and 
thrombocytopenia, weight loss, :lnorexia and 
pyrexia. FeLV-related haemolytic anaemia ma), 
also be common, but is usually mild and therefore 
often goes undiagnosed. 

Immunosuppression 
The pathogenic mechanism underlying FelV
induced immunosuppression is complex :lnd not 
at all well understood. It seems associ:ltcd more 
with some strains of \'irus Ih:ln otllcrs and the 
minor envelope protein plSE l11ay pIa)' a role in 
its de\·elopmenl. Immunosuppressed cats arc sus· 
ceptible to vJrious secondary infections and the 
cli nical signs rna)' therefore be \'ery similar to 
those described for FIV infection. Anaemia asso
ciated with Harmobartoncila f e/is infection is 
more common in FeLV-infec\l·d cats than in 
uninfected c:m and FcLV-infec tt.-d cats :Ire espe
cially susceptible to respiratory and enteric infC{;
tions. They ma}' also he subject 10 non-heali ng 
skill wounds or persistent abscesses. An FcL V
associated 'panleukopenia-like' enteritis has also 
been reported. 

Reproductive lallure 
FeLV is said 10 be the most common C,luse of 
reproducli\'e failure in cats. Resorption of the 
fetus occurs at 3- 5 weeks into pregnancy and Illay 
be accompa nied by a slight 'Iul\'al di scharge. The 
precise lllC{;hanism of fetal damage is nOt known 
but may involve pl acent itis or endometritis. 
Infection of fetuses with FeL V can also be a cause 
of 11eonatal monal it y (fad ing kittens). 

• Treatment 

Treaunem of FeLV· rclated anaernias, irl1lTlUnO
suppression and reproducti\·e failure in\'olves 
non-specific, suppon i\'e ther:lpy only. Lilli e 
success has been repon ed fo r treatment of eilher 
lymphoid o r myeloid IcukaclTli:ls. However, 
remission for 2 years for up to 60% of cats can be 
lchicved by treatment of thymic and multicemric 
lymphosarcomas, l hhough such calS still excrete 
viru s. Several treatment protocols have been 
published. m:linly in \'olving long term treatment 
with cyclophosphamide, vincristine and predni 
solone (Squires and Gorman, 1990). Cats should 
be c!'lrcfull y monito red (o r possible side effects of 
such therapy. 
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• Testing and conlrol 

Scvcr::al comp:mic! market ELISA, C ITE or simi
!:ar ;usafs to test blood, serum, plasma o r saliv;!. 
for FelV antigen and some labor-lloric! usc ;111 

immunofluorescence test 10 dctl.'Ct relV 3n1igcn 
in neutrophils. Some laboratories also off;:r a ,·iru! 
isol:llion service. Although agrccmcm between 
ELISA-type assays, immunofluorcscl.'llcC lests 
and virus isol:uion on plasma or blood is good, 
some ealS (approxim,uely 10%) may be antigen
;lemic by ELISA but ncgalivc by virus isolation or 
immunofluorescence. The reasons for this arc not 
entirdy clear, some kits can give false pos;t;\·/: 
rc$ultS but some C:HS m:ty have:l. focus of infection 
that release! anligcn hut nO[ virus ima the blood. 
ELISA-positive, virus isolation -negative cats arc 
not thought [0 be a significant source of infection 
to other cal5, although one such queen W.1S shown 
to infect her kittens via the milk (Pacitti (·t al. 
1986). Oiscordam cus should be i$olated and re
tested in 11 weeks since some of them may IlJ.ve 
been undergoing a transient infection. 

Control is best done by tcsting all the calS in a 
colony and separating those lhat arc antigenaemie 
from Iho$e that are not. All the ColIS should then 
be tested 12 weeks later to distinguish persistentl y 
infected cats from those which are tr:l115iently 
infected. Any cau which t(,s t posith'(' only on the 
second occ.uion nced 10 be quarant ined for a fur
ther 11 weeks before being retested. Cats which 
test positive on both occasions. i.e. persistently 
infected C;l,I$, shou ld be removed from the colony. 
All the e;l,lS should be re-Iested e\'el")' 6-12 
months. No calS should enter Ihe colony during 
the test period, and thereJ.fter all incoming cats 
shou ld be tested and isobted for 12 weeks. ;l,nd 
then re-tested before being ;l,lIowed to mix with 
the otlu!r cal5. 

Severotl FcLV vaccines arc aV;I,i labl e in the UK 
which require twO initial immuni7.ations three 
weeks ;l,p;l,rI ;l,nd ;l,n nual boosters. Cats can be first 
vaccin;l,led ;1,1 8- 9 weeks old. Under experimental 
conditions:tt least, ;l,vailable vaccines appc;l,r effec
tive ;l,t preventing persistent info:ction in the 
majority of cats, but v')ccination should nOI be 
used as a replacement for a test-and -remo\'e 
policy for control in a colony. 

I FELINE IMMUNOOEFICIENCY VIRUS 

Feline immunodeficiency virus (F IV) is a 
lentivirus of cats related Structurotlly. biochemi" 
cally and genetic;l.lly to human immunodeficiency 
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\'irus (HIV), the c;l,use of AIDS in humans. There 
is, howe\'er. no evidence of human infection with 
FIV. 

• Epidemiology 

FIV is found world-wide. The virus has been 
isolated from domestic cats and closely relaled 
viruses h;;\\'e been found in other fields in zoos Jnd 
tht' wild. The prevJlence of infection in domestic 
cats "aries with their disease su.fUs,life-style ;l,nd 
;age; generally Jbout 10% of random 'sick cats' 
have antibody to FI V comp;l,rro with less than 5% 
of healthy cats (Hopper tt ~/. , 199-1). Many sur
veys have shown that lhe infection rale in nules is 
at least twice that in females, Ihat most infected 
cats are midd le aged or old. and that infection is 
mOSt common in free-roaming calS, feral cals. and 
multiclt households (but not usually breeding or 
pedigree colon), C;l,ts). In feral eolonies and multi 
Cli households the prevalence of antibody rotnges 
from 0 to 100%. with an average of 30% for 
feral cats and 50% for multieat households. 
Approximately 35% of cats in contact with 'In 

infected cat will hJ\'e antibody. 
The main roule of virus transmission is Ihought 

10 be through biting. although some instances of 
apparent ,·crtica! spreJ.d ha"e been reported. Virus 
can be isolated not only from the lymphocytes of 
infected cal's but also from the saliva. especially of 
d inicall)' ill cats. 

• Clinical signs 

FIV infection is associated with a variety of 
clinical signs or syndromes (Hosie et al .• 1989; 
Pedersen I!t al., 1989). partieularly chronic stom
atitis and gingivitis. chronic respiratory disease. 
intermittent pyrexia. depression, lymphadenopa
thy, emaciation and. less frequently, chronic diar
rhoca and chronie skin disease. Many CltS also 
ha\'e ocular lesions or show signs of C NS infee
lion. , .. I;!.em,u ological ch:mscs. espn:ially anacmi;l,. 
leucopeni;l and m;l,rked lymphopenia are common 
and many cats arc hypergammaglobulinaemic. 

Few studies h;:lVe been done on the prevalence 
of FIV in specific disease syndromcs. altllough 
several studies ha\'e suggested ln association 
between FIV and feline c:l.licivirus infection in 
cats with chronic stomatitis and gingivitis 
(Knowles I!t ~/., 1989; Tenorio I!t al .• 199 1; Watcrs 
et al .• 1993). FIV should be Strongly suspected in 
adult cats showing signs of chronic debilitating 
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• Palhogenesls 

The main rout(' of \'irus entry is or:!.1 with prinury 
\·irus rep!ication occurring in the tOllliils and 
entcrocytcs. Transplacental transmission has 
occasionally been reporh."<i but docs nOi appear to 
contribute significantly to the epidemiology of 
the disease. 

The au (corne o f fcline corona\'irus infection 
depends bolh on the cal - its immune Status and 
abi lity 10 mount lin immune response 10 the \'irus 
- and the \·irus itself (Blrlough and StOOdan, 
1990: PWersen, 1995). Somc isol:ues of FoCV 
appc:lr to be Qf lower virulence than mheu, but 
other factors such as the d05(, and route of infec
tion ilia), also plJ)' a role. Thus sOllie e:lts will 
devclop onl)' subdinical infection. whereJs others 
wilt develop mild eruerilis or FlP. J\ complicating 
factor in Ihe p:uhogenesis of Fir is Ihat experi
mellllily the dise:lse has been shown 10 b:lve :In 
immune-rm-dia!Cd componelll. Thus Catli with 
pre-existing antibody seem 10 de,'clop en hanced 
diselSe following challenge with tht' virus. The 
role of this phenomenon in thc pathogenesis of 
n:llurally occurring FIP is not known. but 
enh:lneed dise3se docs not s('ern to occur in the 
ncld (Addie et al., 1995). 

Rather than de\·cloping o\'ert dinic3! diselse or 
eliminating the virus, some ClIS secm to bccome 
virus curiers. The mechanism of this carrier Stlle 
and the rates and times of virus excretion are nOt 
clear, though it has been shown by epidemiologi
cal studies that 3pproxirnltcly one in three 
seroposili\'e queens is likely to b.: a carricr lnd can 
tt;tnsmit virus to her kitl.:ns (Addie and j arrett, 
1995). Such cau un ob\·iously play an impon:ml 
role in the epidemiology of th.: dis':3se in the field. 

• Diagnosis 

The only way of making a definite diagnosis of 
FI P at present is by hislop3tilo logy of tissues 
tlken 3t necropsy or biopsy, fo r eXllllple of liver 
in weI FIP or of olher 3ff«ted orgJns in dry FI P 
(BlTlough and StoddJ.n, 1990). In wet FI P, :lna!y
sis of lScilic fluid is helpful in confirming a diag
n05i$. 11,e fluid ili characteristically yellow 3nd 
Iacky: it dots on sunding and has a high globu!in 
conlcnl. 

Virus isoiJtion. which should provide the ideal 
bboratory confi rmation of diagnosis of FIP, is 
not usually possible frOIll field cases. 111is is p3n ly 
because 1ll3ny in fected. cats only shed low levels of 
virus (m3in!y before cliniCl l signs lppe3r) and 

pan!y bec:luse the \·irus is labile and m3ny nTlins 
arc difficult, if not impossible. to grow in cell 
culture. Ahernati\'e techniques, such as PC R, fo r 
detecting virus have bl'Cn del'eloped but need to 
be interpreted with care. 

A gre3t deal of reliance has been p1"ced on sero
logical techniqucslo di:lgnose FCoV infection but 
Ihe rcsul ts of SUd, tests are difncult to interpret. 
Although high antibody titres ha\'e been Slid 10 
indic31e FIP \'iru5 infection and low tilres to indi
n le enteric infection, this is not n.:cessarily the 
('J.SC. Thus asymptomatic, reco\'ered cals may 
de\'eIop high antibody levels whereu some Clts 
with 3cute, wet FIP m;ty h:l\'e no delecl3ble 3nti
body. 

• Treatment 

Nursin!,; and symplOmatic tre3lnlelll. the usc of 
conicosleroids or cyelophosphamide with antibi
otics, and the rernO\'J.I o f 3bdomina! fluid frolll 
C.l ts wilh wet FIP m3Y provide tempOf3ry rclief in 
somc C.l lli, bUI rarely produces:l complete curc. A 
more pern13nell\ response to such treatments has 
been reported occ:lSion;tUy, but such cucs l re 
\'ery I'Jre l nd lre \'ery likely d ue 10 coi ncidental 
recovery (;1I1,er than a result of treatment. 
Ant;vir31 drugs which arc effectivc :r.gainsl FCoV 
in c~1t culture (e.g. Weiss, 1995) secm not 10 work 
III VIVO. 

• Ep idemiology and contro l 

The m3in source of infection within a colony of 
nlS is probably carrier CllS. From epidemiologi 
c:lI studies it appelTS that one in three seroposil i\'e 
queen! .lre carriers who can infect their offspring 
at around weaning (Addie 3nd j 3rrett , 1')95). 
Other sources of infection arc shedding killen$ or 
other adult Clrriers wi thin or introduced into the 
colony. 

A lemperlture-sensili\'e intrJn3SJ.I \'Jccine is 
mlrketcd in some puts of the world for use in CllS 
16 weeks of 1ge and o\'er (C hristianson tl at .• 
1989; Posterino-Recves el al., 1992 ). 

1 n coloniC'S with endemic eoronavirus illfection, 
:melllpted .:radicJ.tion may only be wonhwhilc in 
the f;lce of;tn outbreak of diniClI diselse or where 
subsequent infection can be kept Out. Queens and 
ki ttens should be isolated for 11 weeks and then 
ti,e kiuens tested for :r.ntibod), before they arc 
allowed to join tire rest of the colony (Addie and 
jlrretl. 1995). Where:l queen is suspected of bei ng 



Cats are the mon commonly recognized host 
of cowpox virus (Bennen et aL, 1990a). They are 
thought to be<:omc infected when hunting. Most 
affe<:ted cats are adult and come from rural 
environments, and almost all arc known by their 
owners to hu nt small mammals. Most fcline cases 
are seen in the autumn, presumably bec:luse small 
mammal populations arc at their maximum size 
and are most active at that time of year. Cat-to-cat 
transmission can occur but generally causes only 
subclinical infection in the recipient cat. Cat-to
human transmission can also occur and approxi
mately one half of human cases arc due to contact 
with infected cats. 

Cowpox virus has also been isolated from, and 
in some cases caused severe disease in, big cats, 
okapi, elephants, rhinoceroses and anteaters in 
European zoos. 

• Clinical signs 

Most cats present with widespread skin lesions 
but many have a history of a recent, single skin 
lesion o n the head, ne<:k or a forel imb. The 
p rimary lesions vary in character from large 
abscesses o r areas o f cellulitis to small, scabbed 
papules or rodent ulcer-like lesions. Many owners 
describe the primary lesion as having developed 
from a small, bite-like wound. 

The secondary skin lesions (sec Fig. 47.25a) 
develop a few days to weeks after the primary 
lesion is first noticed. Secondary lesions fi rst 
appear as small, randomly distributed dermal 
nodules, which over 3-5 days develop into ulcer
ated papules up to I cm diameter. These quickly 
develop scabs which dry and separate after a fur
ther 2-3 weeks. Lesions may be pruritic as they 
heal o r if secondarily infected. New hair soon 
grows and most cats arc completely recovered in 
6-8 weeks. 

Most c:.ltS exhibit no clinical signs other than 
skin lesions and a mild pyrexia but up to 20% may 
also develop a mild, serous nasal discharge, 
conjunctivitis or transient diarrhoea, and some 
cats may be depressed and anorexic. Transient 
systemic illness usually occurs only during the 
viraemic phase. More severe or longstanding sys
temic signs or delayed healing may result from 
se<:ondary bacterial infection or immunodefi 
ciency resulting from corticosteroid trearment, 
severe concurrent disease o r infection with FeL V 
or FlY. Severe systemic signs, panicululy pneu
monia, suggest a poor prognosis and euthanasia 
might be considered. 

FElINE COWPOX I lJ75 

• Diagnosis 

Clinical signs alone may enable diagnosis in some 
cases; d ifferential diagnoses include cat bite 
abscesses, neoplasia, eosinophilic granuloma and 
mi liary eczema. For laboratory confirmation, d ry, 
unfixed scab material can be sent through the post 
without the need for special transport medium. 
Electron microscopy of scabs enables rapid diag
nosis in most cases, whereas virus isolation pro
duces a more sensitive and accurate result but 
make take up to twO weeks. Tissue fixed in 5% 
formo l-salinc can be sent fo r histopathological 
examination (Fig. 47.25b). Serum can be tes ted for 
antibody in several ways; an immunofluo rcscent 
antibody test is now most frequently used in the 
UK. 

• Treatment and control 

There is no specific treatment fo r cowpox. In 
most cats infection is self-limiting so treatmcnt 
usually consists of broad-spectrum antibiotics to 
control secondary and concurrent bactcrial infec
tion. Corticostero ids should be avoided as they 
may exacerbate thc condition. No vaccine is avail
able and contro l of disease therefore relies largely 
on prompt diagnosis, isolation o f affected individ
uals and reduction of contact with wild mammal 

• reservOlNi. 

• Public health aspecls 

About half of all cases of human cowpox can be 
traced to contact with infe<:ted cats (Baxby ct aJ., 
1994). Human disease usually consists of a single 
lesion on the hand or face. Human cowpox may 
also cause systemic illness with ' flu -like symp
toms, and may require hospitali7..ation espe<: ially 
if the patient is immunosuppressed. Smallpox 
vaccination may not provide complete protection 
against primary cowpox virus infe<: tion, although 
it might prevent more severe disease. Prior expo
sure to pseudocowpox o r orf viruses does not, of 
course, provide prote<:tion. 

Cat-to-human transmission is unlikely if basic 
hygienic precautions are taken. Veterinary sur
geons and others handling infected cats should 
wear gloves and take care not to allow infe<:ted 
material into wounds or the eyes. Young children. 
the elderly and those with a pre-existing skin 
conditio n or debilitative or immunosuppressive 
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dise;ue should avoid contact with the cat while it 
remains infecti\'e (i.e. until the scabs have disap
peared). If these elementary proced ures arc fol
lowed then the risk of human infection should be 
small. and it is rarely 11<X'essary to euthanize an 
affected cat o n public heahh grounds. 

I OTHER VIRUS INFECTIONS 

• Rabies 

Rabies occurs world-wide except in countries 
such as the UK where spedfic contro l measures 
ha\'e been taken. It is a disease which can affect 
virtually all mammals. though there arc different 
reservoir hosts in different parts of the world. In 
Western Eu rope, the reservoir host is the fox , and 
domestic animals arc infected through com;tct 
with this reservoir. Human exposure generally 
fo llows contact with infec ted domestic animals. 

Rabies in cats generally has an incub;ttion 
period o f less than 2 months but occasionally may 
be up to six months or e\'en longer. The clinical 
devc:lopmen! of fcl ine rabies typically involves 
prodromal, furious and then paral)'tic stagcs, each 
lasting a few days, but atypical d isease is common. 
The prodromal phase is characterized by behav
ioural changes. Gradually the furio us phase pre
dominates, the cat becomes increasingl)' nervous. 
irritable and \·icious and may sho\\' muscle 
tremors, flaccidity or incoordination. Difficult ), 
in swallowing leads to drooling of saliv3. During 
the fi nal stage, generalized paralysis gradually 
develops ending in coma and death. 

Vaccination is currently only allowed in the 
UK if the animal is to be exported or is to be 
put into quamntine. Permission to vaecinate is 
required froll1 the local divisional \'eterinary 
o fficer (DVO). Rabies control measures in the 
U K arc presently being reassessed. 

If rabies is suspected in a cat, it must be 
reported to the O VO, local anim31 health inspec
tor o r the police. The suspect animal must nc,'er 
be moved from the premises unti l the Ministry o f 
Agriculture. Fisheries and Food has completed 
iu enqui ries. The animal should be isolated in 
esc3pe-proof accommodation and all personnel in 
contact with the animal should wash thoroughly 
in S03P o r detergent and water. All equipment and 
clothing which has been in cont3ct with the ani
mal should bc sterilized . If anyone is bitten o r 
scmtchw by a suspect C:l.Se, the wound should bc 
thoroughly washed with soap or detergent (not 
both) and WJter. and then cleaned with 70% 

ethanol. cctrimide or savlon. Immediate medical 
attention should be sought. The nantcs and 
addresses of ;tny contacts (e.g. animals in the 
waiting room) sho uld be recorded 3nd no further 
animals should cntcr the premises until permis
sion h:l.S been obtained from the OVO. 

• Hantaviru$ 

Hanta'l/irJu antibody in cats was first detected in 
laboratory-housed catS in Belgium, and recent 
surveys in G re3t Brillin and Austria found serum 
antibody to H,mtm;irus in 5-10% of cats from a 
variel)' of disease and environmental backgrounds 
(Bennen et al .• 1990b; Nowotny, 1994). Hanta
viruses arc enzoot ic world-wide in wild and labo
ra tory rodent populJtions and can also infect 
humans. The clinical significance of Hantavirul 
infection in cats is not known, although the 
British survey did suggest a possible association 
between HantavirUl antibody and non-specified 
chronic disease. In man, d iffe rent strains of 
Hantavirus can cause a spectrum of clinical dis
ease which includes mild or inapparent infection 
through 10 haemorrhagic fever and renal syn
drome or acute pulmonary fail ure and death. 
However, there is currently little evidence to link 
cats directly with human infection. 

• Auleszky 's disease 

Aujeszky's d ise;!'se (pseudorabies, mad itch) is 
caused by a herpesvirus. The reservoir host is the 
pig, and cats can become infected by eating raw 
pork. Cats arc not thought to transmit the disease 
themselves al though they may shed virus in their 
oral and nasal secretions. Aujeszky's disease in cats 
is almost always fu-al and often rapidl y so. The fi rst 
clinic;!1 signs seen include restlessness, 3norexia 
3nd hypersalivation. O ften no clinical signs will be 
seen in free roaming cats as they will run off to hide 
early in disease development (Maes and Pcnsean, 
1987). Intense pruri tUS is o ft en described as char
acteristic of Aujeszky's disease, but is often not 
seen in cats. Terminal signs. which develop usually 
within 48 h o f the onset of clinical signs, include 
paralysis and coma. Some cats may die suddenly 
without showing any prior clinical signs. 

• Feline herpesvirus 2 

A herpesvirus (FHV 2) which is serologically dis
tinct from fcl ine herpesvirus I has been isolated 

Avtorsko Las ... ellO gradivo 



from cats in the USA. It has been implicated as a 
possible cause o f fcline urological syndrome 
(Fabricant, 1977) but these claims h:l\'c not been 
subst:l.ntialcd. More recent antigenic and molecu
lar studies on FHV 2 ha\'c shown it to be indistin
guishable from the AmcriC1n type strain of bovid 
herpesvirus -4 (SHV-oi) (Kruger t't aI. , 1989). 
SHV-4 has been isolated from c:mlc with respira
tory and reproductive disease in Europe but the 
EUTopc:l.n type slnin of SHV-.. dOt.'S not appear 
to infect em (fhiry et al., 1991 ). 

• Feline syncyllum-Iormlng virus 

Fdine syncytium-forming virus (FcSFV) is a 
member of the foamy virus group (the spumaviri
nae) in the family RClrovirid:le. Spumaviruscs 
have ~en isolated from many species, but they do 
not appear to be pathogenic; their main impor
tance lies not in clinical medicine but as potential 
contaminanu in research and vaccine production. 

• Olher viruses 

Influenza virus can infect Cilts following experi~ 
mental inoculation and there is some serological 
evidence of natural fcline inflXtion. However, 
there is no evidence that ~t-to~humiln transmis~ 
sion might occur, the reverse being more likely 
during human influenza pandemics. Several 
reports also exist of paramyxovirus inflXtion of 
me eNS in cats; these inflXtions have been associ
ated with demyelinating encephalitis. Canine 
distemper virus (CDV) can induce subclinical 
infection in domestic cats both experiment;\lIy 
and in the field . In big cats, however, natur:ll CDV 
infection has been associated with encephalitis. 
Boma disease virus has also been associated with 
non-suppurative meningoencephil lomyel itis in 
cats. 

I CELLULITIS AND ABSCESS 
FORMATION 

Ab~sses and cellulitis are probably the most 
common infections encountered in cats. They are 
mostly due to bites and scrouches recei\,ed through 
fighting but wounds may also be caused by other 
meilns and the possibility of foreign bodies, 
including grass seed-heads and airgun pelleu, 
should be investigated. Several bacterial species 
may be involved, including Pasuurella mil/lorida, 
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staphylococci, sm:ptococci, Bacteroidcs spp., 
Furobact(:rium spp . .lnd sometimes Actinomyces, 
Nocardia or Rbodoroccus spp. Enteric bacteria 
such as E. coli are also commonly found in wound 
infections. 

The clinical signs vary according to the site and 
scvcrity of the abscess. Bite or scratch wounds are 
gener.llly found on the head, leg, back or base of 
tail .lnd are usually painful and accompanied by 
pyrexia, depression, inappetence and enlarged 
local lymph nodes. Large, mature abscesses can be 
palpated but they may be not so obvious early in 
development and owners often notice only the 
systemic signs or behavioural changes. Diagnosis 
is based on the history and clinical and m.ly be 
aided by haematology. 

Treatment depends on the extent of infection 
and stage of development of the abscess. 
Antibiotics arc generally unable to penetrate 
abscess walls, but may be useful for treating cel
lulitis and help prevent recurrence after drainage 
and other complications. The penicillins and 
their derivatives (ampicillin and amoxycillin) are 
effective against mon abscess-forming bacteria . 
Cephalosporins. lincomycin, clindamycin and 
metronidazole arc good second choices for their 
particular activity 3gainst anaerobes. In addition, 
a single injection of penicillin G given within 24 h 
of being bitten may prevent infection occurring. 
Suq;ical drain3ge should only be undertaken once 
the abscess has matured, a process which can be 
enhanced by the use of warm S.lline compresses. 

If abscesses recur or persist, then .l more thor
ough investigation is called for. An undetected 
fo reign body may still be present or osteomyelitis 
m3Y have developed and further surgery may be 
required. Alternatively, a persistent infection with 
Mycobacteria, Nocardia spp. or fungi may h.l\'e 
developed, or the C3t may be immunosuppressed 
by concurrent infection with feline immuno
defi ciency virus or feline leukaemia \'irus. 

Actillomyces and Nocardia spp. arc Gram posi
tive, pleomorphic, facultative anaerobic bacteria. 
Actinomyces spp. are p;m of the normal fl ora of 
the oral cavi ty and rcspiralOry tr. .. Cl, but Nocardia 
spp. arc common soil S.lprophytcs. Both can cause 
persistent pyogranulomatous lesions in cats and 
are most frequently isolated in association with 
abscesses, cellu li tis and pyothorl...x. Actino
mycosis and nocardiosis can be difficult to treat 
and whatever the site of the lesion, drainage and 
removal of pus is essential if subsequent antibiotic 
therapy is to be effective. Actillomyccs spp. are 
usuall y Susct'ptible to penicillins but, unlike many 
other anaerobes, are not sensitive to metronida-
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zoic. Nocdrdia spp. ;ue often senSItIVe only to 
sulphonamides but, ideally, the choice of anti
biotic would be based on an antibacterial 

• • • 5enslllvtty test. 

I OTHER BACTERIAL INFECTIONS 

• Streptococcal Inlections 

Beta-haemolytic streptococci of lancefie1d group 
G arc part of the normal flol';J. of the mucosae and 
skin of cats and kimns probably become infected 
at birth from their mother's genitaltl';J.ct through 
the umbilicus. In otherwise healthy kimns born 
of older queens, matcrnal antibody protects 
against clinical disease but in kittens born of 
you nger or immunosuppressed queens, septi
caemia and severe systemic disease, oftcn culmi
nating in death, may develop. In older kinens, up 
to :tbout 6 months old, subclinical infection in the 
tonsils m:ty develop imo clinically apparent ton
sillitis and cervical lymphadenopathy, but rarely 
more severe disease unless the cat is immunosup
pressed. In addition, streptococci are frequently 
isolated from wounds and abscesses in adult 
cats and are common opportunist pathogens 
secondary to upper respir.ltory diseases. 

Streptococci arc susceptible to penicillins and 
early treatment with penicillin, together with cleans
ing of abscesses or wounds, is usually effecti\'e. In 
colonies with a history of neonal'al disc.ue, topical 
application of :lntiseptic to the navel and trtatmem 
at birth with a long-lasting penicillin or penicillin 
derivative may help pre\'ent further dise<lSe. 

In addition to group G streptococci, cats can 
also harbour asymptomatic infections of group A 
streptococci in their oropharynx. These infections 
:l.Te acquired from humans and can be transmitted 
back to humans. Hence :l f:lmily pet may become 
:l reservoir for human infection :tnd the source of 
recurrent tonsi llitis or pharyngitis in a famil y. 
lsol:ttion of group A streptococci from a cat's 
oropharynx may be difficult. If a cal is suspected 
of being a source of human infection it may be 
advisable to treat the cat with penicillin or a 
cephalosporin even if isol.:uion is not possible 
(G reene, 1988). 

• Tuberculosis , leline leprosy and other 
mycobaclerlallnlectlons 

Tuberculosis is a rare dise<lSe of cats. 
Mycobacterijlm tIIbercu/of;l :tnd M. b01Jil infec-

tions are usually contracled through coor:tct wilh 
infected humans, although cattle :tnd cert:tin wild 
mammals might be an aitcrnuive source of M. 
bO'tlu infection in some areas. M. a'l/ium is a sapro
phyte fou nd in soil and water and is only a very 
rare opportunist pathogen of cats. 

Infection is usually subclinical and clinical 
signs, if they occur, generally reflect the location 
of granulomas. Chronic ulcer.ltivc infections of 
the oropharynx or respiratory tract may cause 
relching, a non-productive cough or dysph:tgia. 
Anorexia, wasting, vomiting or diarrhoea may 
accompany intestin:tl malabsorption owing to 
granuloma formuio n in the alimelllary tract. 
Pleural or peritoneal effusions may also be pre
sent and intestinal infection often causes palpably 
enlarged mesenteric lymph nodes. Diagnosis is 
based on Ihe history and demonstr.nion of acid
fasl organisms in biopsies of affected tissues or in 
smears of exudates. Isobtion m:ty be possible on 
special medi:t but this can be :t lengthy process. 
Radiogr.lphy may revea.l large granulom<lS in the 
respiratory tn.Ct or abdomen. Skin teSIS are 
usually ineffective in cats. 

Although zoonotic spread from c:tts :tnd dogs 
has not been reponed, cats can excrete M. tuber
OI /OIU and M. b01lis in exudates and faeces. 
Elderly or immunosuppressed owners might be 
particul:trly :tt risk and euthanasia should there
forc be considered on public health grounds. 
Ther:lpy is unlikely to be successful in cats. 

Fc:line leprosy is c:tused by M. ieprdem"rillm 
('rat leprosy'). It is an uncommon condition 
Ihought to be contracted from rat bites. The 
lesions consist of nodular, sometimes ulcerated 
skin lesions on the head or extremities. Spread of 
the infection up a limb may be accompanied by 
swollen lymphatic vessels and draining lymph 
nodes. Diagnosis depends on finding acid-fast 
organisms in impression smt:ars or biopsies. 
Treatment is by surgical removal, but dapsone al 
SO mg (Wice a day for 2 weeks m:ty be worth try
ing when complele surgical excision is not possi
blc, although some loxic side effects have been 
reported with Ihis drug in cats. 

Various saprophytic mycobacteria have been 
isolated from superficial or, morc rarely, deeper, 
persistent abscesses or granulomatous lesions 
of cats. Species isolated from these 'alypic:tl' 
mycobacterial infections of c:tts include M. fortH
itum- Af. che/one; complex, M. smegmatis :tnd M. 
pMei. The mycobacleria obtain entry Ihrough :t 
wound into already damaged or infected tissue, 
and infection may be associaled with immuno
suppression. Diagnosis depends on the demon-
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chronic, bl,.,'lCiy diarrh~;l., weight loss ;md signs 
of CNS and eye inf«tion. Di;l.gnosis depends on 
demonstn.tion of the organism in biopsies or in 
smears of vitreous fluid, CSF or urine and by iso
lauon on Saban.ud's media. Treatment is by surgi
cal excision of skin lesions. There is no known 
effective treatment for systemic inf«tion. 

• a lever 

Q (ever is caused by CoxielLt burnet;i , a rickettsia 
which in Britain is maintained in wild ;l.nd domcs
tic animal populations by ingestion ;l.nd inh;l.lation 
of inf« tive material such ;J.S pl;l.ccntas, urine and 
fa«cI. C. burneti; usually causes no disease in 
most of its hosts, the m;l.;n exceptions being abor
tion in sh«p and gcner:l. l malaise, pyrexia and 
pneumonia in humans. There have been several 
reports from North America of human Q fever 
contracted from p:murient and aborting cats 
(Kosatsky, 1984). 

• Feline sponglform encephalopathy 

This is a recently described condition of domestic 
and big cats involving slow, progressive degenera
tion of the CNS similar to that seen in scrapie in 
sheep and bovine spongiform encephalopathy 
(BSE) in cattle. Affected cats may show a range of 
Mhavioural and neurological signs includ ing 
incoordination, loss of balance. hyperaesthesia. 
hyperulivation, intention tremor, muscle fascicu
lauon and fi tting (Gruffydd-Jones rt al., 1991; 
Peel and Curran, 1992; Willoughby et al., 1992). 
The condition ;l.ppears to be rare. The source of 
infection for cats is ;l lmosl cert2inly bovine mate
rial: FSE has only been seen since the epidemic of 
BSE in cattle, and in mice behaves identically to 
BSE (Fraser et al., 1994). In the UK, all naturally 
occurring spongiform encephalopathies, includ
ing FSE, arc notifiable dise2ses. 
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The diagnosis :lnd management of Clneer repre
sents onc of the major challcnges facing the 
modem small animal veterinarian. There are many 
interrelated factors which have contributed to the 
increasing import:l.ncc of cancer in companion 
animals over the past 10-20 years. Improved stan
duds of wdf:uc and hc:tlth care have decreased 
death rates from infectious and OIhcr non
neoplastic diseases such that many anim:lls now 
live to enjoy o ld age and suffer from a higher 
incidence of age-related disease, especially cancer. 
The pcrcdvcd incidence of cancer in animals has 
also increased through advances in diagnostic 
techniques and the increasing use of cytology and 
histopathology. The actual incidence of tumours 
in companion animals is difficult to ascertain. In a 
major study on a defined population of animals 
the Tulsa Registry reported an incidence of 1126 
c.ascs of c.ancer per 100 000 dogs per .annum and 
470 cancers per 100 000 cats per annum (MacVean 
et al., 1978). Signi6c.ant advances have been made 
in the treatment of cancer in animals, particularly 
in the development of techniques to improve the 
efficacy of surgical management o f tumours, in 
the application of radiation therapy and in thc usc 
o f cytotoxic drug therapy. Finally, the P:lS[ 10-20 
years have also seen a change in attitude of both 
the veterinary profession and the pet-owning 
public towards the problem of c:tocer in :tnimals. 
Until recently a diagnosis of 'cancer' resulted in 
euthanasia of the patient. Tod:ty, many types of 
cancer can be m:tn.aged successfully and, :tlthough 
a cure is not always possible, treatment can enablc 

Principles 01 radiation therapy 
Principles 01 anticancer chemotherapy 
Appendix [ 
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an animal to live a good quality of life for many 
months or years following the di.agnosis of cancer. 

The successful management of any diseasc 
depends o n a basic understanding of the nature of 
that disease and this is especially important in the 
treatment of cancer. A great de:ll hu been learnt 
about the biology, growth characteristics and 
C:luses of human :md animal cancers during rccent 
ye:lfS, en.abling more rational and effective treat
ments to be designed. Although the main purpose 
of this chapter is to discuss the principles of can
cer therapy by surgery, r2diation and chcmother
:tpy, it is necesury to first considcr the biology 
and behaviour of tumours. 

I TUMOUR BIOLOGY 

It is generally accepted that the m:ljority of n:ltu
rally occurring cancers arise from the neoplastic 
transformation of :l single precursor or stem cell. 
Although the events that lead to this neoplastic 
tf:lnsformation arc not full y understood. the basic 
change is rdated 10 disruption of the genetic 
mech:tnisms which no rmally cOOirol cell growlil 
and differentiation. A number of regulatory Cellu
lar genes with oncogenic potential havc been 
identified, these genes :lre termed oncogenes or 
tumour suppressor genes depending on their 
mode of action. External agencies. e.g. certa.in 
viruses, r.adiation. UV light, chemical carcinogens, 
may all act to cause cancer through inter2ctions 
with these cellular genes, le:lding either to their 
up-gr:tding (switching on) in the case of onco 
genes or down-regulation (switching off) in the 
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CU<' of tumour suppressor genes. In the m;ljority 
of cancers a sequence of several such gtnclie 
C\'tnu or intC'r.lclions, ofll~n occurring over a 
number of ycars, may be n«('sury before nl!O
plaStic tr.1nSfOrmalion occurs CWynford-Thomas, 
1991 ). 

• Tumour cell populallons 

A tumour (;lnnOI be dC:lttl«i by palp:uion or 
radiography until it rcaches approxim;ndy 1 em 
in diamt'lI:r o r O.S-I g in weight. by which time: it 
cont:tins :tpproximJlcly 10'-10' cells (Fig. 50.1). 
Canecr cells continu;I, lly modify their properties 
during the proccss of growth, largely by small 
mUI:nion$ occurring during cell division, Hence, 
although the cells in the tumour mass may share 
some f(aturn of the origi n:!.1 precursor cdl, they 
are heterogeneous in other properties such as thc 
;l.bility to mct:lSt:lsizc. This hcterogenicity is 
impomnt in thcrapy bCC;l.U5e different cells 
within the tumour mus m;l.y be inherendy morc 
or Icss sensitive to cytotoxic drugs or to radi:nion. 

• Growth kinetics 01 a lumour 

The dyn;l.mics of tumour growth arc of consider· 
able importance: in tumour therapy. In the carly 
5U:ges of development most tumours grow 
rapidly, bUI, as with cells or NetC"a in culture:, 
the growth r:lte tends to slow down ;l.nd r(';l.c" a 
plateau aJ the lumour reachc. largcr proportions. 
For most lumours this pbtc;l.u ph:lS<' of growth is 
achic\'cd at aboul Ihe time th;l.I the tumour 
becomcs clinically delectable (Fig. 50.1 ). 

PLATEAU PHASE OF GROWTH 
low OF, long or 

Growth Imellon and doubling lim, (OT) 

The growth characleriSli('J 01 ;I. tumour arc 
usu:tlly described in terms of the 'tumour 
doubling time', i.e. the lime it ukes for:a tumour 
to double in size, In carly phues of growth the 
lumour doubling time is short, later, u the 
tumour becomes larger, doubling limeslenglhen. 
Tumour doubling time is :a function of Ihe num· 
ber of :actively dividing cells within the tumour, 
termed. 'the growth fraction ' (GF), ;l.nd thc time it 
takes for the dividing cclls to complete the process 
of cell division, the 'cell cycle time'. During the 
carly Stages of tumOur growth ;I. high proportion 
of tumour cells are actively dividing, j,e. the 
growth fraction is high, but, by the time most 
solid rumours e:an be detected clinic:ally, only ;I. 

small proponion of the cells ;l.re dividing, i.e, the 
growth fraction is low. The growth fuction is 
import:ant bec:ause most cytotoxic drugs ;l.ct by 
interfering with the processes of cdl division ;l.nd 
are therefore only :active ;l.gainst dividing cells, 

Th' cell eycl' 
Cdl division is ;I. cyclical process with cells pro· 
gressing through ;I. series of well-defined stages of 
mitosis, growth, synthe-sis of DNA and funher 
growth including preparation of Ihe mitotic spin
dIe- (Fig. 50.2), Cdls which are not actively divid· 
ing enter the 'Gg' or resting phue- and may rc·enter 
the cycle in response to a number of stimuli. Cells 
may bee more or IC55 sensitive to dil(e:rent drugs or 
to radi:ation ;l.t diffe-rent st;l.ges of the cell cycle, For 
c-x:ample, the vinca ;l. lk:aloid drugs aCI by interfer· 
ing with the formation of the mitotic spindle :and 
;l.re- therefore 'cell cycle specific' agents acting on 
ce-lls in the M (mitotic) phase of the cell cycle. The 

death 01 pali&nt 
~titsl -~:::::====== "Pllpilbie (mass 1 g) 

;I • ....I~ ~ delectable 
byf"'*9~ 

Figutl 50.1 Growth kinetics 01 a tumour, Most 
lumours exhibit high rates of cell division In the 
early stages of growth, As the mass enlarges the 
growth rate and rate 01 cell division tend 10 be 
slowed by inhibitory factors until a plaleau 
phase is reached, Tumours are not clinically 
detectable until relatively late in this sequence 01 
events. 

lOO PHASE OF GROWTH 
high OF, Ihort or 

Tlmo 
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Figure 50.2 Cell growth ane! aivision follow an orderly 
sequence of events, described by the 'Cell Cycle'. The cell 
cycle is divided into five major stages: Go' the resting 
phase: Gp the Intermitolic interval : S, the DNA synthesis 
phase; G2, the premilotic interval and M, the mitotic 
phase. 

alkylating agcnts, e.g. cyclophosphamide, arc not 
cdl cycle specific and act on all dividing cells. Cdls 
also vary in their sensitivity to radiation according 
to the phase of the cell cycle. Cells in the M ph:tSc 
being most radiosensitive and those in the S (DNA 
synthesis) phase being most radioresistant. The 
resting (GJ cells arc also imponant in this context. 
Resting cells arc relatively resistant to the actions 
of n.diation and cyto[Oxic drugs and therefore 
form an import:lnt reservoir of cells from which 
the tumour may repopulate. 

In summary, the popular concept of a tumour 
as a mass of homogeneous, rapidly dividing cells 
is incorreet. In reality the tumour cell population 
is quite heterogeneous and, by the time most 
tumours can be detected by palpation, the pro-
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portion of dividing cells is often less than that of 
normal body tissues such a5 skin, bo ne marrow 
or the gastrointestinal epithelium. The notable 
exception are tumours of the Iymphoreticular 
system which maintain a high growth fraction 
despite :llarge tumour burden . 

• Tumour blood supply 

One important factor influencing the growth 
pattern of a tumour is its blood supply. Most 
tumours derive their blood supply from vessels 
already present in adjacent host tissues by pro
moting growth of new vessels through the 
secretion of fa ctors which promote angiogenesis. 
Although tumours may appear to be well vascu
larized and even haemorrhagic, in fact. tumour 
vasculature is generally inferior to that of normal 
tissues in terms of capillary density and ability to 
respond to physiological stimuli. For this reason 
many tumour cells exist in an enviro nment of low 
oxygen tension and low pH, the latter resulting 
from build up of metabolic products. The nature 
of tumour vasculature has important implications 
in the delivery of drugs to a tumour and in radia
tion response. 

• Tumour behaviour 

Neoplasms are traditionally classified according 
to their growth and behavioural characteristics as 
being benign o r malignant (fable 50. 1). Although 

Table SO.1 Behavioural characteristics 01 benign and malignant neoplasms 

Benign 

Rate 01 growth RelatIVely slow 
GroWlh may cease in some cases 

Manner 01 growth Expansive 
Usually wen'defined boundary betmen 
neoplastic and nOfmaltissues. May 
become encapsulated. 

Effects on adjacent tissues OIten minimal 
May cause pressure necrosis and 
anatomical delormlty 

Metaslasis Does not occur 

Effect on hOst Offen minimal 
(can be Iile threa tening iltumour develops 
in a Vital organ. e g. brain) 

Malign.nl 

Otten ICIpid 
Rarely ceases growing 

Invasive 
Poorly delined borders. tumour cells exteml into 
and may be scanered throoghout adjacent 
normal tlssues 

Olten seriOus 
Tumour growth and invasion results In 
destruction 01 adjaCent oormal tissues. manifest 
as ulceration 01 superliclal tlSSues, lysIS 01 bone 

Metastasis by lymphatic. I1aematogenous routes 
and transcoelomlc spread 

OHen hf!' threatening by virtue 01 destructIVe 
nature of growth and metastatic dissemination 
to other, vital organs 

AvhrSKO zasl!l 10 gradivo 
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the case in order to meet these objectives. The 
temptation to concentrate only on the presenting 
mass must be avoided as (his may le:l.d to me(3S(:I.
tic dise;l.sc, tumour-reLued complic;uions or con
current dise:l.se being overlooked. 

• Investigative techniques 

AltllOugh one c;l.n sometimes l1l;l.ke ;l.n informed 
guess;l.S to the likely nature of a tumour according 
to its site, gross appear-mce and history, an accu
rare diagnQsis can only be made upon microscopi
cal eXiHlIinarioll of representative tissue or cells 
collected from the tumour. HistOlogical examina
tion of needle, incisional or c"cisional biopsy 
samples is the most ;tCCUf'3te method of cancer 
diagnosis. A biopsy provides the pathologist with 
the opponunit}' to e"ami ne the cellular compo
nents of the tumour, its architecture and its 
relationship to adjacent normal tissues. Careful 
thought must be given to the biopsy procedure. 
T he technique used should provide a representa
tive sample of tissue yet not pTl-dipose to local 
spread of the tumou r nor complicate the subse
quent treatment of the case (Table 50.3) (Else. 
1989; White, 1991a). Cytology is increasing in 
popub rity as a diagnostic technique ;l.nd is useful 
in the investigation of ncoplasia. Fine needle ;upi
ra tes or impression smears from solid tumours 
and the cellular content of fluids collected fro m 
organs or body cavities can provide a great deal of 
information abou t the lesion and will often differ
entiate beN'een inflammatory and neoplastic 
processcs. The morphology of neopl;utic cells 
will also o ften provide :10 indication o f the likely 
histiogenesis of;l. tumour and its degree of malig
nancy. Fine needle ;upiration is :t quick ;tnd sim
ple technique requiring a minimum of equipment 
which C.:l.n easil y be performed in practice (Figs 
50.3a-d), however, eytologic:tl interpretation 

Table 50.3 Considerations lor biopsy 

requires considerable skill and cxpenise. M:tny 
commerci:tl clinical pathology laboratories will 
report on cytological samples and with practice 
most veterinarians should be able to use cytology 
to discrimi nate between relctive and neoplastic 
lesions and e\'en to diagnose some particularly 
characteristic tumours, for example mast cell 
tumours. 

In the cancer patient it is alw:tys preferable to 
achieve :t di:tgnosis of tumour type :tnd grade 
before embarking on therapy because only when 
the nature of the disease is known can the most 
effenive therapy be prescribed. 

• Clinical staging 

The stage or extent of a tumour is of equal 
import:tnce to its histological type in determin
ing prognosis and the feasib ility of therapy. 
Successful treatment depends on eradication o f 
all tumour stem cells. this can only be lehievccl if 
the extent o f the disease is fully appreciated. It is. 
therefore, imponlnt to determine both the loe:tl 
e"tent of a tumour ;l.nd to investig;ue the possi
bility of lymphatic or haematogenous metastasis 
as pan of thc init;;tl ev;tluation o f the cancer 
patient, prior to staning therapy. A number of 
cliniC;l.1 staging systems have been described and 
arc widely used in human oncology. A TNM 
(T - tumour, N - nodes, M - metast;ues) system 
o f clinical staging o f animal tumours h;u been 
devised and is used at some centres (Fig. 50.4) 
(Owen, 1980). Whether or not such staging 
no menclature is used. the underlying principles 
of assessing the extent of the primary tumour, 
the drainage lymph nodes and ev;tluating the 
patient for the presence of d ist:tnt me[;l.s t3Ses ;t re 
of paramount importancc and :t logical system 
for e\·aIU.:l.tion of the c:tneer p:.Ilierll must be 
followed (fable 5004). 

• Procure a representalMl sample 01 the tumouf Avoid super/ltlal ulcerations. areas 01 inflammation or necrOSIS 
EnSOIe adequale deplh 01 bIOPSY. par1lCularly 101 olal tumours 

• Procedure should not pledlSpose 10 local 
tumour rec.urrenct! or local spread 

• 00 not compromise subsequent therapy 

Try to include tumour-norrnalllssue boundary in the biOPSY sample 

Minimize handllllg ollumOUf by adequate surgical exposure 
Ensure adequate lIaemostasr.; 
Mmimize tlauma to tumour and normallissues 
Avoid contamination of normal tIssue by surgicallnstrunwnts 

Any biopsy procedule should be sited WIlli Wlthm tlie marllins 01 lutOle 
excISion 
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• , 
Flgur& SO.3 Oiagrams depicting the sequence of events involved in collection of fine needle aspirate from an enlarged 
prescapular lymph node. (a) Following preparation of skin (as per venepuncture) the lymph node is loealeel and 
immobilized in one hand. A 23G, 1 in hypodermic needle is introduced into the node. (b) A sample of cells is collected 
in the bore of the needle by stabbing the needle into the lesion several times, the needle being relocated in the lesion 
between 'stabs'. (c) The needle is withdrawn from the lesion and connected to an air lillet! syringe. The contents 01 the 
needle are blown onto a clean glass microscope slide. (d) A smear 01 the sample is made by gently drawing a second 
clean glass slide across the first. 

M 

T 

Flgur& 50.4 Schematic representatiOn of the TNM 
system of tumour staging. 'T' represents the primary 
tumour mass, the size and degree 01 invasion 01 adjacent 
tissues must be assessed. 'N' represents Ihe loeal and 
regional lymph nodes. 'M' represents potential sites of 
metastasis in distant organs. Redrawn from BSAVA 
Manual of Oncology. 

Primary tumour 
Malignant tumours tend 10 grow by invasion and 
many have microscopic extcnsions into adjacent 
norm:al tissues which cannot be 3ppreci;lIcd by 
eye. Physical signs of local invasion are: diffuse, 
indistinct boundaries between nor~a l lissue lnd 
IUmour, fixation of the tumour mass in one or 
more planes and thickening of 3dj3cent tissues. 
Some lumours, p:micubrly soft tissue sarcomas, 
0l3y. however, give the appe3r3nce of being well 
circumscribed and discrete due 10 Ihe presence of 
:a 'pseudoc2psule' which is infiltrated by tumour 
cells. Hence, although the physical appearance of 
:a IUmour is important in determining its local 
extent, the information gl incd has to be taken in 
the context of the known growdl behaviour of 
that type o f tumour. 

Other di:agnostic techniques should be consid
ered to aid in the e"aluation of the primary 
tumour. Radiography can be useful in the :assess-

AYDrS ozasc clOgradivo 
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Table 511.4 Methods for clinical staging 01 neoplasms 

h chniqui 

Physical wmlnatlon 

Radiography 

Ultrasonography 

Endoscopy 

Haematologlcall 
biochemical 
Invl!SlIgations 

Primary tumour 
T 

To assess borders, mobility 
and depth 
Important when tumour Is 
adjacef1110 or involving bone, 
or lor deeper tumours 

Uselul in assessment of 
deeper tumours. especially 
ltIose In thoracic or 
abdominal caVities 

Assessment 01 tumours 
Involving Ilollow organs 
Well-oriented biopSIes may 
01'0'1 mlomlalillfl on depth 
ollnvaslon 01 pnmary 
tumours 
limited value In Slaglng 
primary sohd tumours, but 
essential lor mvesligauon 01 
tymplloprolrlerallV! and 
myeloprohlerauve disease 

ment of tumours :ldjacent to bone, part icularly 
those in the oral cavity where the majority of 
malign:lnl tumours invade (he underlying bone. 
Conrnst :lnd plain radiography can also be useful 
in ilSsessing less accessible tumours, e.g. those 
within nilSal ch:lmbers or body ca\·ities. 
Ulrnsonography can be used to asst.'SS the extent 
of bmh superficial and deeper tumours and 
endoscopy C:ln be useful in visual assessment of 
tumours involving hollo w organs. 

Lymph nodes 

Local :lnd region:lllymph nodes must :llways be 
evalu;ucd. Physical eX:lminalion of the sizc and 
U!J[(ure of supcrflci:ll lymph nodes may indic:lle 
the presence of met:lStases (Fig. 50.5; Table 50.5) 
:lnd radiogr.l.phy can assist in evaluating deeper 
nodes. Loc:ll lymph nodes m:ly be enl:lrgcd as a 
result of reactive hyperplilSia :lnd cytological or 
his tologic:ll cV:lluation of suspicious nodes m:ly 
be required to dis tinguish between reactive 
hyperplasia and early nodal metastasis. It should 
be nOied that focal metastatic deposits within a 
lymph node may be associated with secondary 
reactive changes in the rest of the node. 

local anll reliional lymph nalles Distant mltastaSls 
N M 

To assess size. texture, shape 
and mobility 

Uselul to assess Internal lymph 
lIOdes, especlalty mediastinal 
and internal Uiac 
(lymphangk)graphy) 

Uselulln assessment 01 
deeper nodes 

Cytology/luSIOlogy may be 
requIred to distinguiSh between 
reactrve and neoplastic lymph 
oode enlargement 
umrted value 

Thorough physical examination 
01 all systems - essential 

Right and lel t lateral thoraciC 
lilms. Abdomlnal lilms may be 
useful to assess hver and 
spleen 

U1trasonlc assessment 01 Hver. 
spleen and kidneys may deted 
nodular or dilluse neoplashc 
Infi ltratIOns 

Cy!oIogylhistOlogy 01 any 
suspicious lesion to confirm or 
eXClude metastasiS tumour 

No Specific t!!SiS or tumour 
markers to indicate metastases 

Figure 50.5 German shepherd bitch, presented with a 
grossly enlarged submandibular lymph node due to 
nodal metastasis of a mast cell tumour. The primary 
(poorly differentiated) mast cell tumour was located on 
the lower tip. See colour plate. 

Metastases 
Every allempt should be made to dClec! thc pres
ence of distant mctastases during the ini tial evalu
ation of the cancer paticnt. Thc history, physical 
examination, thoracic radiographs and, where 
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Table5G.8 Paraneoplastic syndromes resulting from non·endocrine tumours 

Syndrome Tumourjsj Clinical signs 

Hypercalcaemia Lymphoid lumours, myeloid lumours 
Anal gland adenocarcinoma 

Polyuria/polydiPSIa 
Anorexia, vomiting 
Dellydration Solid tumours Wllh skeletal metastas~ 

Other sohd tumours Muscular weakness.lremor 
Bradycardia 

Hypoglycaemia Hepatic tumours. ~~aJIy hepatocelluar 
carcinoma 

EpISodIC weakoess, collapse, 
dlsorientalJon and seizures 

Other tumours, especially large 
Inlra'abdominal tumours 

Hyperhistamlnaemia Mast cell tumours Gastroduodenal ulceration 
Anorexia 
Vomiting, llaematemesis, 
Melaena. anaemia 

Syndrome ot lnapproprtate 
ADH secretion 

Associated willi prImary tung tumours 
In humans 

Oedemaihyponatraemla 

al. , 1988). In many cases, however. the active sub
stance is not known. In the dog, hypercllcaemia 
is most commonly associated with Iymphoprolif
erative disorders (e.g, lymphoma), adenocarci
noma of the apocrine glands of the anal sac, o ther 
solid tumours with or without bone metastases 
and a functional adenoma of the parathyroid 
gland. 

The clinical signs of hypercalcaemia arc non
specific, reflecting the physiological importance 
of calcium in the function of many organ systems. 
The predominant clinical signs arc polydipsial 
polyuria. anorexia. vomiting, lethargy, depression 
and muscular weakness. These signs can be attrib
uted to the effects of hypercalcaemia on the renal, 
gastrointestinal and neuromuscular systems, 
respectively. Hyperc ... lc ... emi ... c ... n also affect the 
heart, re5ulting in bradycardi ... and arrhythmias. 
The ren ... l effectS of hyperc ... lcaemia arc of gre ... test 
import ... nce. In thc early stages hypcrcalcaemia 
... ffects the renal tubules causing an inabiliry to 
concentrate urine which le ... ds to hyposthenuria 
... nd polyuria with second ... ry polydipsia. The 
ren ... 1 nephrop ... thy is initi ... lly reversible but if the 
hyperc ... lc ... emi ... persists the renal dlmage becomcs 
irreversible ... nd eventually metastl tic u lcification 
of the ren ... 1 tubulu epithelium and b ... sement 
membf<lnes occurs (Osborne ... nd Stevens, 1977). 
The renal effects of hyperc ... lcaemia cause the 
anim ... 1 to become dehydrnted and hypo\'olaemic, 
funher fluid loss may occur from vomiting. Renal 
failure u used by hypercalcaemia is therefore 
exacerbated by prcrenal failure duc to hypo
volaemia and the animal becomes azotaemic. 

Death duc to renal or c ... rdiac failurc will follow 
unless the situation is corrected rapidly. 

Trealment of hypercalcaemi' 
Immediate managemcnt of hyperc ... luemia is 
aimed at rehydr ... ting the p ... tient. Sodium chloride 
(0.9%) is the fluid of choice. Restoration of circu
Ilti ng volume aids the lowering of the seru m cal
cium by improving the glomerular filtrntion ratc 
and assisting renal excretion of calcium, O nce the 
:mimal is rehydr:ned, calcium excretion can bc 
fu rther promoted by saline diuresis (0.9% sod ium 
chloride at 2-3 times maintenance rate) assisted 
by frusemide (Lasix r~, Hocchst), intravenously, 
at a dose rate of 2 mg kg- ' bid or tid. 

In hypercalcaemil ... ssociated with lymphopro
liferative ncoplasms, lowering of serum calcium 
c ... n also be assisted by the use of glucocorticoids 
(prednisolone 2 mg kgo' daily). These ... gents arc 
cytOlOx ic to lymphoid cells ... nd also reduce serum 
c ... lcium by limiting bone resorption, reducing 
intestinal calcium absorption and enhanci ng rcn ... 1 
excretion of calcium. The value of glucocorticoids 
in the treatment of hyperc:ale ... emi... ...ssoc:i ... ted 
with non-lymphoid neoplasms is debatable. Once 
the lnimal's condition is stabilized, treatment of 
the inciting cause of the hypercalcaemia is essen
ti ... 1 for long-term control. 

There arc a number of other ... gents which have 
been used in humans for the tre ... tment of refrac
tOry hyperc ... lcaemi .... these include: mithramycin 
(25 J.lg kgo" single dose), c ... leitonin, i.\'. infusion of 
phosphate solutions, phosph ... te enemn, sodiu m 
EDT A lnd peritoneal dialysis. More recently 

A 10' (0 Las. 
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CANCER THERAPY 

The demand for cancer therapy in small animals 
is undoubtedly increasing and, as a ft."5Ult of 
advances in therapeutic techniques, rcmarklblc 
impro\'cmcnls in the survival r.llc of animals with 
malignant tumours can be l chicvcd. The three 
main methods of cancer treatment in animals, as is 
the case in humans, arc surgery, radiation and 
anticancer chemotherapy. Cancer therapy muS! 
always by tailored to suit the indi\·jdual case, tak
ing account of the biology, histology, grade and 
extent o f that tumour. Clearl y a cure. i.e. lotal 
cra<i ic;l.Iion of all tumour stem cells, is the ultimate 
aim of (:tnter therapy but even the most effective 
methods of treatment currently available cannol 
be cxpc<:ted to achieve this aim in every case. TIle 
decision to Irca! :tn :tnimal with canct'r is one 
which must be m:tde jointly by the veterinarian 
(be:tring in mind the type of tumour, its extent. 
the fac ili ties and cxperience avail:tble) and thc 
owncr. Owncrs must be cou nselled thoroughly in 
the nature of the dise;tse, the prognosis, the 
options for tre;ttlllcllt and the expt'Ctations of such 
treatlllt'nt and should be givcn time to consider 
thc options and re:tch a decision rcgarding their 
pets. Thc methods of c;tncer thet;lpy which will be 
described in the remainder of this chapter arc 
generally tolerated ,'ery well by animal patients 
provided that there are no pre-existing complica
tiol~s. which make the patient more susct'ptible to 
tOXICIty. 

I PRINCIPLES OF ONCOLOGICAL 
SURGERY 

Surgery is the most t'ffecti ve means of treatmelll 
for the majority of solid neoplasms in animals. 
The primary objective of surgical treatment of 
any tumour, be it benign or malignant, is to phys
iC3Uy remove all the tumour cells. In most cases it 
will bt' necess;try to include a margin of normal 
tissue in the surgical excision in order to achieve 
this aim. Failure of sUJ'1;ical trcatmelll results 
ei ther froll1 the tumour being incompletely 
resected at the first auempt, in which u sc the 
tumou r will regrow at or adjacent to the primary 
site, or from the tumour having metastasized to 
distan! organs prior to surgical treatmen!. in 
which case the animal will subs~uent ly develop 
funher problems relating to metast:tlic tumour 
elsewhere. Surgery is rarely an cffectivt' or fe:uiblt' 
means of managing disseminatl'ti disease and 
adjuvant chemothet;lpy is more appropriate in 
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such cases. Local tumour recurrence is strongl y 
influenced by the surgical approach and the main 
ad\·3.ncC$ in surgical oncology have been in defin
ing the margins of excision which are necessary to 
achieve eradication of different tumours and in 
developing techniques wht'reby such margins can 
be aehit'ved. It is not the intt'nI of this section to 
cover the surgical and reconstructi\'e techniques 
used in oncology in detail, as these have been 
described elsewhere (White, 1991b). The follow
ing is a brief description of surgic3.1 techniques 
which have proved effi cacious in the management 
of ccrt3.in tumours. 

• Surgical apprDache. 

LaClI exclslan 

Truly benign tumours, c.g. fib roma. lipoma, 
mammary adenoma, can be cured by local surgic3.1 
resection with a minimal margin of normal lissue 
(Fig. 50.9). Locdl surgical resection is a simple 3.nd 
straightforward procedure when lesions are small. 
A tumour which is left to enlarge will require ;t 
more major procedure at a later date. 

Wide local excision 

Locally invasive tumours, e.g. acant homatous 
epulis, basal cell c.trcinoma, squamous cell c;trci
nom;t, ;are chuactcrized by local extension of the 
tumour into adjacent normallissues. I n such C3.st's 

Figure 50.9 local surgical excision (excisional biopsy). 
The tumour is excised through its immediate boundaries 
with a minima! border 01 surrounding tissue. Redrawn 
lrom BSAVA Manual of Oncology courtesy of Or R.A.S. 
White. 
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Filiure 50.12 linear accelerator. 

tion of the radiation and permits the delivery of 
high doses of radiation to the tumour with mini
mal no rmal tissue IOxici t'Y' H owever, the' implant 
and the implanted patient present a radiation haz
ard for the operator and any staff caring for the 
patient . Radioactive isoto pes can only be used on 
licensed premises and strict local rules fo r han
dling the isotope and patient must be applied. 
8 0th techniques require careful planning in con
sultation with medical physicists to ensure the 
required dose o f radialion is del iveTl-d to the 
tumo ur (fhrall et al., \989). 

I The effects of rad iation on IIving
tissues 

The response of li\·ing cells and t issues to radia
tion depends o n the applied dose o f rad iat ion and 
the rad iosensiti\' ity of the cell populat io n. Most 
normal and neoplastic cell populations show a 
typical cell survival curve with increasing cell 
death in response to increasing doses of radiatio n 
(Fig. 50. 13). Thc shoulder at the start of the curve 
indicates that some radia tion-induced cellular 
damage may be replired. Radiosensitivi ty v3.ries 
according to 3. number of fa ctors, one o f the most 
important being the growth frac tion of the cell 
po pul3.tion. Dividing cells arc gener.llly more sen
sitive to radiation Ihal non-di\·iding, differenti
ated cells. Thus tissues with a high proportion of 
dividing cells, e.g. bone marrow. IPstro intestinl l 
epithel ium, are more radiosensiti\'e thlll non-pro
liferating tissues, e.g. fib rous tissue lnd skeletal 
muscle. The same applies to tumours; those with a 
high growth fraction tend to be more sensitive to 

Dose 01 radiation 

Filiure 50.13 Mammalian cell survival curve postradia
tion (in vitro) . Following a single exposure to radiation 
the number of surviving cells is proportional to the 
applied dose of rad ialion. (The shoulder at the start of 
the curve indicates that some radialion damage can 
be repaired.) 

radi:uion th:ln those with low growth fracl ions. 
Individu:ll cells vary in their radiosensitivity as 
they P :lSS through the ph:lses o f the cell cycle. 
Cells in the M (mitOlic) phase of Ihe cycle being 
most radioscnsilive and those in the S (DNA syn
tllcsis) phase being 1110st rcsiSl':l.n t. The rcning 
(GJ cells :lre also rad ioresistant. The o xygen:lt ion 
of cells is also thoughl to be s ignificalll in deter
mini ng rad iosensili \' it)'. T umour cells which exist 
at a low oxygen tension, i.e. hypoxic cells, may 
be 2.5-3 limes less sensitive to radiation than 
normally oxygenated cells. 

h is cle:lr fro m the above that, although radia
tion is a potent means of clusing cell dcath. it is 
not selecti\'e with respect to neoplastic cells, 
Radiat ion can be equally damaging to normal lis
sues, indeed, certain normal tissues may be more 
sensitive to radiation th:m many lumours. In 
order 10 be o f therapeutic benefit , radia tion must 
be used in such a way as to minimi7.e normal tis
sue injury while achieving maximum tumour cell 
kill. One W3y in which this m3Y be approached is 
by attempting to localize the radiation to the 
tumour. Radioacti\'e implants and radiobbelled 
substances which arc taken up by tumour cells 
(e.g. radioactive iodine fo r thyroid tumou rs) 
afford a degree of se!ecti\·ity. W ith external beam 
radiation, the beam can be collimated to the area 
of the tumour and sever31 treatment ports used in 



In order to avoid such side effects, radialion is 
rarely used in this manner in Ihe IreatmeO! of :tni
m:tls. Tumours mosl suiu.ble for irradiation tend 
10 be superflci:tl o r those sited on Ihe extremities 
of the body. The skin, 5uperfici:t1 connective 
tissues, mucous membranes (oral tumours) and 
bone are therefore the tissues most commonly 
includcd in the treatmeO! fiel d and some radia
tion-induced ch:tnges will occur in these tissues. 

R:tdiation toxicity is usually d i\'ided into ':tcute ' 
re:tctions occurring during :tnd shortly ;aher the 
r-adiuion trea tment :tnd '\:tIC' re;actions which ue 
no t observw for weeks or even months ;after 
t re:ttment. This division is not absolute. 

Acute radilllon toxicity 
Acute radia tion re:tctions result from the death of 
actively d ividing ccll populations, e.g. epithelium 
of the skin and mucous membranes. Acute reac
lions n.nge from:t mild reddening or erythema of 
the skin/mucosa to vesicuJ:r,tion, desqu;am;ation and 
severe exfoliuive derm;atitis/ necrosis. The latter is 
rarely sccn with sl2.ndud ndi;ation schedules. In 
most cues erythem;a ;and a mild, superflci:tl desq u;a
m;ation will occur and m.ay c:tuS(' the puient tem
ponry discomfon (Fig. 50.16). These remions 
usu;ally resolve spontaneously u the normal cdl 
popub.tion regenerates. Localized hair loss is a 
common result of irradiation of the skin in animals. 
This results from damage to the hair follicl e epithe
liu m at the time of treatment bu t t he resu II ingalopc
ci:t docs not usually occur until the existing hair ;s 
shed and not replaced (Fig. 50. 17). Ultimately somc 
hair usu;a lly regrows but Ihis may be patchy and 
lacking pigmentalion (Fig. 50.18). 

Figutl SO.16 Acute radiation skin reaction: erythema 
and superficial desquamation of the skin may occur 
towards the end of a course of radiation treatment and in 
the Immediate post-treatment period. These effects may 
cause temporary discomfort but usually resolve sponta· 
neously as the normal tissues regenerate. See colour 
plate. 
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Figutl SO.17 Post-radiation Ilair loss: alopecia is com
mon in irrad iated skin occurring weeks to months alter 
radiation exposure. See colour plate. 

Figutl SO.18 Patchy regrowth 01 hair: In many cases the 
hair will eventually regrow but this regrowth may be 
patchy and. as in the example shown. the hair may be 
greyJwhite. See colour plate. 

lite t1dlatlon toxici ty 
Late radiation reactions arc less predietllble and 
more serious. L:tte reactions tend to occur in 
slowly proliferating tissues, e.g. connective t issues 
and bone. In the skin, radiation induces fibrosis in 
the dermal connective tissues resul ting in a thick
ened, rubbery texture :tnd subsequently corllr"c
tion of the skin and subcutis can occur. As a resul t 
of the fibrosis and v:tSCulu changes, irr.1diated 
skin and soft tissues a n be very s lo w to hc.al and 
even the most minor surgic.al procedure nn rcsult 
in a non-healing, ncerotic wound. 

Osteonecrosis is a major concern in fields can
t:lining bone, p:tnicularly in cases where the bone 
is already compromised by tumour invasion. Lue 
reactions in nervous tissues can also be:l problem, 
irr:ldiation o f the spine should bc :tvoided if al all 



specific, acting during thc M phasc. Vinca alka
loids may hlve OIher cytOioxic cffects on the cell 
which arc Icss well documented, for examplc they 
may cause cnzyme inhibition. Tubulin micro
tubules arc also imponlnt in ncurOiransmission 
thcreforc ncurologiclltoxicity can occur. 

Hormones 

Hormonal manipulation has an impon;mt ro le in 
thc management of breut. prostatic and endome
trial carcinomu in humans. Although hormones 
clearly play a role in the de\'clopmem and growth 
of similar tumo urs in lni mlls, the therapeutic 
value of hormonal manipulation has yct to bc 
clearly dcmonstn.ted. Oestrogens and androgen 
anlagonisu may be of valuc in the management of 
cem.in hyperphstic or bcnign neoplastic cond i
tions of thc prostate and perianal hcpatoid glands 
in thc dog. 

The con ieostcroids prednisonc and pred
nisolonc are widely uscd in oncology. They have a 
crtOioxic action on haematological mllignancies, 
panicularly lymphomas. Thci r immunosuprres
sive activity is vlluable in the management 0 cer
uin tumour-rcllted complications l nd finally, 
thcy havc a role in the palliation of ad\'anced 
disease. 

M/scell,neDus,genls 

There are a numbcr of other agcnu with anti
rumour lctivilY which do not fit into the pre\'ious 
groups. These includc L-asplrlgin;I.SC (Cristan
wpue) and plltinum coord inltion compounds. 

Doses of cytotoxic drugs :uc usually calculated 
as a function of body surfilce arCl (in M

j
) rather 

than body wcight beclUSC Ihc blood supp y to the 
organs responsiblc for detoxificltion and clI"crc
tion (liver and kidneys) is more closdy rel3tW to 
surface area than body weight. The cllcul:ltion of 
body surface are;!. from bod y weight and con
version tables for cats l nd dogs arc provided 
in Appendix I. Detai ls of aU cytotoxic drugs 
included in the following text and tables arc pro
vided in :m e;!.Sy reference formlt in Appendix II . 
The dose r:ltes, indiutions and side effccu for 
these 1gents 1fe only intcnded as an approximlte 
guide to the use of these agenu :md morc dctailed 
information should ~ sought prior to their usc. 
In the individual paticnt, the severity of the dis
ease, haematological o r meubolic complications 
and thc presence of concurrent health problems 
must be fully addressed since all may inOuencc the 
prognosis and the ability of the puient to tolcratc 
cytotoxic drug therapy. Carc must ~ taken in 
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p3tients with compromised renal or hepatic f!.lnt 
tion as impaired metabolism and excretion of the 
drug mly result in increased I'Oxicity. 

I The rationale 01 cytotollc drug 
administration 

The theoretical buis for cytotoxic drug regiml.·s 
used in clinical practicc has been csublished 
through yeaTS of boomory lnd clinical research 
conccrning the interaction of cytOioxic drugs and 
cancer cells in vitro and in vivo. Such work has Icd 
to the rcalization thlt the succcssful clinical l ppli
cation of cytotoxic drugs demands a differcnt 
approach to that governing the administration of 
antibiotics and OIher pharmacologicll 1genu 
commonly used in practice. 

The cell kill hypothel/S 

One of the most imponant and basic principlcs of 
;l.nticancer chemotherapy is described by thc 'Cell 
Kill Hypothesis' (Skipper ct al., I %4). This states 
that cytotOxic drugs kill tumo ur cells by first
order kinetics: that is to uy that 3 given dose of 1 
cytotoxic drug kills a fixed percent;!.ge of ,he total 
tumour population as opposed to 3 set num~r of 
tumour cells. For eumple. if 1 givcn dose of 1 
drug A kills 90% o f tumour cells then it will 
reduce a tumour cdl populnion of 100 millio n to 
10 million, but if thcre 1fe only 100 cells in a 
tumour the samc dose o f drug A will only reduce 
the number of tumo ur cells from 100 to 10. This 
theory thcrefore infers thaI, evcn a highly effec
tive drug acting o n a highly sensitive tumo ur cell 
popul;!'lion is unlikely to eradicate thc tumour cell 
population in a singlc dose. In most cliniC3lsitua
tions where tumours are known to ~ chemo
scnsiti\'e, a single trcatment will lchieYe :I. log kill 
0(2[04. 

Thc Cell Ki ll Hypothesis is essemil l1y 1 theo
retical model, it assumes a constant rale of growth 
for 111 tumour cells, Ihl1 111 tumour cclls arc 
equally chemosensitive lnd th;l.t the d rug is 
equally distributed to 111 tumour cells. In the clin
ical setting thesc usumptions are not cntirely 
accurate for reuons discussed culier in this chap
ter. Funhcnnorc. the toxicity of thc drug to the 
patient is 3 m3jor factor govcrning thc dosc of 
drug which can ~ ldministered. Nevenheless thc 
Cdl Kill Hypothesis docs form the basis of tWO 
importam principles o f chemotherapy: 

1. Maximum doses o f anticancer drugs should 
always ~ used whcrc possible. 

'lO adrvo 
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2. Chemotherapy should be instituted when the 
tumour burden is at its lowest, i.e. when the 
tumour is first detected or, in the treatment of 
mieromCt:lstases. following surgical removal of 
the primlry tumour. 

ChrmotiJerap), illmlikely to be effl.'ctitJe if Ilud as 
a last resorl for tiJe treatment of extensive and 
atival/ceti disease. 

In diniC3.1 practice 3. single dose of a single 
chcmother3.peutic ageot is delrly insufficieot 
to er.1dic3. te 3. tumour. The most rffcctive 
chcmother.1peutic protocols employ l combina
tion of cytoto:>;ic agents delivered at timed inter
vals. 

Single agent rersus comb/nal/on therapy 

In moS( circumstances a combinnion of cytoto:>;ic 
agents has pro\'ed to bc more effective in the m3.n
agement of C3.ncers than the use of l single agent. 
As a resu lt of tumour cd l heterogenrity many 
tuntours cont3in cel1.s which are inherently resis
tant to the actions of cenain agents. By bombard
ing the tumour with a combin3.tion of agents 
which employ differcnt nu.'chanisms of action, the 
overall response can be enhanced. In 3ddition, 
3hhough all cytolOltic drugs ha" e some dam3ging 
effects on normal tissues. different 3gentS affcet 
different norm31 tissues to v3rying degrees. 
Hence. if it is possible to combine drugs with dif
ferent actions 3nd toxicities. an addili\'e tumorici
d3.1 effect can be achi eved without an increase in 
toxicity. Most combination drug protocols have 
been designcd lccording to these criteria, for 
eXlmplc the COA P protocol, widely used in the 
treatment of multicentric lymphoma, employs: 

Cyclophosph~miJe: alkylating agent 
Vincristine: "inca alkaloid 
Cytanbine: antimetabolite 
Prednisolone: conicosteroid 

Dosage and timing of treatments 

The Ceil Kill Hypothesis infers that it is desirable 
to admin ister the maximum possible dose of 3 
drug 10 the patient. In practice. however. the dose 
of drug which C3.n be administered is usually lim
ited by normll tissue toxicity. In most circum 
stances the critical normal tissuc is the OO l1c 
marrow and, to a lesser extent the gastrointcstiual 
epithelium. Fortunately, these normal tissues have 
a tremendous c3pacity {or recovery from cyto
IOxic drug d3.mage through processes of cellular 
repair and repopulation from recruitment of rest
ing stem cells. In comparison, tumour cel l popula-

lions have a reduced capacity for these reparative 
processes. Therefore, it is more beneficial to 
administer a cytotoxic drug I t repeated inten'als, 
allowing the normal tissues to recover between 
treatments than to usc continuous thcr3py where 
the normal tissues arc constandy exposed to the 
drug "and unable to repair or repopulate (Fig. 
50,21 ). The interval between trcatments has to be 
carefully timed 10 allow for recovery of the 
normal tissues without expansion of the residu31 
tumour populltion. If the time illlerval is too 
short, cumulati\'e toxicit), will oceur resulting in 
leucopenia and thrombocytopenia, vomiting 3.nd 
diarrhoea. If the time interval is too long the 
tumour will repopubte lnd the benefit of the pre
ceding treatment will ha\'c been lost. 

The splining of cytotoxic drug treatment into 
short intensive illlerv3.1s is termed 'pulse' dosing 
3nd pulsed combin3tion chemotherapy is now the 
most com monly used technique in the drug ncat
ment of C3.ncer. Certain chemosensitive tumOUrs, 
for example lymphomas, often show a remlrkablc 
response following one or twO courses of such 
thcr3py. Clinically this may be seen as a complete 
regression of the tumour and remission of any 
associated signs. It is important to appreci3.tc that 
a clinical remission is not synonymous with cure. 
A complete clinical rcmission merely reflects a 
reduction in the tumour cell popubtion from 10" 
to 10' cells and unless I.reatment is continued therc 
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Figure 50.21 Theorelical basis lor adminislration 01 
cytolo:>;ic drugs. II drug Ireatments can be sequenced to 
allow lull recovery 01 nOlmal tissues between treatments 
the reduced capacity lor repair/recovery in Ihe tumour 
results in increasing tumour cell kill. 
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muhicemric lymphoma have met:lbolic or haema
tOlogical complications, includ ing dehydration, 
hypercalc;lemia, anaemia, thrombocytopenia or 
while blood cd l abnormalities. Approximately 
10% of animals arc presented in Stage V with 
bone marrow in\'oh'emem (Dobson and Gorman, 
1993). 

Figure 50.22 Canine multicentric lymphoma. This 
Oobermann was presented with generalized lympha
denopathy. The gross enlargement of submandibular 
lymph nodes is typical of that commonly seen in canine 
multicentric lymphoma. See colour plate. 

Lymphoma is a conHllon problem in the cal and 
the association wilh the fcline re trovirus fcli ne 
leukaemia virus (f el V) is well docunlented 
(Hardy, 1981 ; j :lrretl , 1994). Not all cats present
ing with lymphoma arc Fel V positive although 
serological and epidemiological evidence suggests 
that Fel V infection and rctroviral transformation 
is an import:mt causali\'e agent in Ihe \'ast major
ity of cases. The multicentric form of lymphoma 
is most common in middle-aged cats and approx
imately 50% o f these cases will be Fel V positive. 
Thymic lymphoma is mosl common in young 
cars, aged 1- 1 years, and 90% of such cases arc 
FelV positive. In elderly cats. the al imentar)' 
form o f the disease is more common and a smaller 

TllbleSO.15 Diagnostic investigation of multicentric lymphoma 

Procedure Comment 

Lymph node aspirate or biOPSY Essential 
lor diagnosis and classrlicat(on 01 disease 

Iia(!matolOglcal evaluatjon Essential 
tulll\aemalological evaluallon Includes: 
RBC. wec and platelet counts 
R8C parameters 
differential wac count 

Biochemical 'screen' Essential 

RadlOglaphy 
thorax and abdomen 

Ultrasonography 
I""~ and spleen 

Bone marrow aspIrate or biOpsy 

FelVlftv status 

screen slOuld Include: 
urea., creatinine, 
alkaline ph05phatase. alanlfl8 
amlnotranslerase (AU). aspartate 
aminotransferase (AST). & gamma 
glutamyl translerase (GGT). 
glucose and 
electrolytes INa. K, cal 
Important 
II animal has respiratory signs or II there Is 
evidence 01 organomegaly 

Usetul 
If animal has IIepato{splenomeoaly 

Indicated 
In the case of ttaematologJCaI abnormalities 

hsential 
In cats 
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poorlr diffcrentiatM or 'blas t' cells wllcrcas 
'chronic' reflects ;I. leukaemia of well -differenti
ated, m3IUre cells. The degree of maturity also 
rcfle<:ts the course of the disC'ase. Acute leukacmiu 
arc aggressive. life-threatening conditions which 
frequentl), fo llow a r:apid course. C hronic 
leukaemias. although ult imately life- threatening. 
tend to follow a much morc protractw course, and 
in some cases the initial diagnosis results from an 
incidental finding of a haem:u ological abnormal 
ity. The most common forms of leukaemia 
diagnosed in the dog arc acute lymphoblastic 
leukaemia (ALL), acut e' myclomonocytic 
leukaemia. acute mydoid leukaemia (AML). 
chronic granulocytic leukaemia (CG L) and 
chronic lymphoC),tic leukaemia (ell). In the cal 
ALL, often associated with FeLV, is the most 
common (Gorm:m and Evans, 1987). 

T he clinical presentation and diagnosis of these 
cond itions arc descrilx-d and discussed in 
C hlpter 45. 

Therapy 01 acute leukaemia 
The treatment of animals with acute leukacmi3S is 
fraught with difficulties 3nd is gener;l lly unsuc
cessful. In most cases the leukaemic destruction of 
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the normal marrow clements resu lts in se\fere 
hlematological disturblnces. Most patients pre
senting with either A LL or AML have v;l rying 
degrees of lnlemia, thrombocytopenia lnd leuco
penia (neutropenia) either singly or in combina
tion. In m3ny C;lSes there is :1150 extensive 
infi hrat ion of other organs, e.g. liver, resulting in 
metabolic disturbances. Although the neoplastic 
cells arc often very chemosensitive, so too arc any 
remaining normal myeloid cells and concurrent 
metabolic problems mly funher enhance the 
toxiciry of chemotherapeutic agents. Unless the 
h;tematologic:tl :tnd o ther problems c:tn be man
aged eff~tivcly, the p:tt iem is likely to succumb 
to o verwhelming infection, internal bleeding o r 
organ flilure. 

C hemotherapeutic protocols which have been 
used in the treltment o f ALL and AML lre listed 
in Table 50.1 8. Vincrist ine is plnieularly useful 
because it causes miniml\ myelosuppression but 
is eff~t i \'e 19linst a range of myeloid lnd lym
phoid neoplasms. Amimetlboliles lnd alkylating 
agents hl\'C lisa been used in VlOOUS combinl
tions but the doses of these myclosuppressi\'e 
;lgems m;ly require :tdjuSlmcm fo r individual 
patients. Intensive monitoring ;lnd medical 

Table SO.18 Chemotherapeutic protocols used in the treatment of acute 
leukaemia 

Acule lymphoblnU, leukaemia 
Basic protOCOl 
Vincristine: 0.5-0 75 mil m'l Lv. every 7 days 
Prednisolone: 46-50 mil m-1 P,o,. daily lor 7 days then 20 mil rrrl evelY 48 h 

Addltionai agents/combinations: 
Cyclophosphamide: 50 mg m·1 p,o. every 48 h 

" Cylarablne: 100 mg m 1 i,v, dally lor 2-4 days 

" Cyclophosphamide: 50 mil m-I p.o. every 48 h 

00' 
Cytarabine: 100 mg m': i. v. daily lor 2-<1 days 

" L-Asparallinase: 10 0I)()--2O 000 IU mol I,m, every 2-3 weeks 

Acut. myeloid laukuml. 
Cytarablne: 100 mg m·ll.v. III divided doses dally lor 2-9 clays .,.. 
Prednisolone: 46-50 mo m~ p.o,. daily 10f 7 days then 20 mo mot every 48 h .-
Thloouanine: 50 mg m 1 p,o daily or Mry 48 h 

" Mercaptopurine: 50 mil m-t p.o. dally or evillY 48 h 

Doxorubicin: 30 mo mol! Lv. every 3 weeks 
or lOmgm-1 iv.MfY7days 
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support arc required for these pallcnts. Blood 
transfusions can be used to manage severe 
anaemias and assist in the management of throm
bocytopenia. Broad-spectrum antibiOlic tre:u
ment. e.g. potentiated sulphonamides, should be 
administered to all neutropenic patients. 

Most animals with acute leukaemias do nOi 
respond well to therapy and any remission or 
clinical improvement achieved is usually of shon 
duration. The a\'erage survival time for both cats 
and dogs treated for acute leukaemias is in the 
order of 3-8 weeks. ~'I atus rl al. (1983) reported a 
serics of 30 dogs with All treated with vin
cristine and prednisolone, the mean and median 
survival times were 68 and 19 days respectively. 

Therapy 01 chronic leukaemia 
Chronic leukaemias (Cll and CGl) carry a 
much more favourab le prognosis than the acute 
forms of the disease. Indeed, chronic leukaemias 
are often detected as incidental findings following 
routine haematological examination fo r im'estiga
tion of non-specific problems, e.g. letharg)'. 

weight loss etc. In cases where the chronic 
leukaemia is not associated with any clinical signs. 
the question as to whether any treatment is indi 
cated often arises and there may be justification 
for mertly keeping the animal under observation 
with regular monitoring of haemawlogical para
meters. In many cases, however, the chronic 
leukaemia is associated with \'ague. non-specific 
signs of lethargy. mild anaemia or splenomegaly 
and in such cases or where the disease is associated 
with a monoclonal gammopathy. treatment is 
indicated. In animals the aim of tre;'IImel1l of 
chronic leukacmia is to restorc the blood cdl 
counts to the region of normality and to maintain 
this b ·d by long-tcrm maintenance therapy. The 
agents used and therapeutic approach are gener
ally much less aggressive than in the management 
of other mydoproliferati\'e or lymphoprolifera
live conditions. The alkylating agent chlorambu
cil is of len cited as the drug of choice in the 
treatment of Cll and busulphan in CGL. 
Protocols used ill the treaUllent o f chronic 
lcukaemias are listed in Table 50. 19. Mean and 

Table 50.19 Chemotherapeutic protocols used in the treatment of chronic 
leukaemia 

Chronic I~mphocyllc leukaemia 
Drull of ChOICe 
ChlorambUCIl 

dose: 2-5 rng m-'. p.o_. dally lor 7-1 4 days. then 2 mil m~ every 48 h 
or (20 mil m 1. po .. every 2 weeks) 

. / 
Prednisolone: 

40--50 mg m', p_o, dally for 7 days then 20 !'nO m~ every 48 h 

Alternatwe InduclJan protOCOl: 
Cyclophosphamide: 200-300 mil m-I om every lwe weeks (weeks 1 and 3) 
VincristJne 0,5-{l.75!'nO m": once every two weeks (weeks 2 and 4) 
PrednlSlllone 40-50 mllll\-'. po .• daily for 7 days then 20 mil m 1 every 48 h 
Malnlenance: aller 8 weeks. chlorambUCil as above 

Chronic IIranulocylic lellkumla 
HydrO~lIrea: 

dose 40-50 mo kll ' P o. diVided dally lor 1-2 we!ks then every 48 h 
(or: 80 mil kll ' p,o. !Nery 3 days to eltecl' then ledUce lor maintenance) 
(or 1 II mo' daily p.o. to eHeet' then reduce 101 maintenance) 

./ 
Predfllsolone. 

40--50 mil m " p.o" daily lor 7 days then 20 filii m-l every 48 h 
Susulphan: 

dose' 2~ mo m-~ p.o. dally to eneet.' then leduce dally dosalle 101 
maintenance 

./ 
PrednisolOlMl. 

40-50 mil m,l, po" dally lor 7 days then 20 mil m-1 every 48 h 

rto tflect' . until wac count 3ptlroaches lhe upper limit 01 normal. Malnlenance therapy 
slKluld aim 10 maintain the WBC count within 20--25)( 10' '-'. 
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Figure 50.25 limb salvage as a method of treatment for 
osteosarcoma 01 tile distal radius in Ihe dog. (a) 
Radiograph of a localized, earty osteosarcoma of Ihe 
distal radius. (b) The tumour and distal radius have been 
resected and replaced with a cortical bone graft, secured 
by a dynamic compression plate with carpal arthrodesis. 

significantly increased by the usc of doxorubicin 
2nd/or cisplatin (Shapiro el al., 1988; Maudl in t't 
al., 1988). Amputation is very much a laSI rcson, 
particularly in large breed dogs with limited life 
exp«uncy. More recently :l number of surgical 
techniques have been developed to salvage the 
limb in these patients. This involves surgical 
resection of the affected bone and rcswr.uion of 
the li mb by a \'aricty of bone grafting techniques , 
(Fig. 50.25) (LaRue et aI., 1989). This approach 
may not be applicable in every case, but limb 
salvage has been relatively successful when 
combined with chemotherapy in selected cases. 

Trlltment 01 soft tissue sarcoma 
Malignant tumours arising from mesenchymal 
connectivc tissues share a number of features in 
common irrespecti,'e of whether their origi n is 
fibrous tissue, vascular tissues or adipose tissue. 
All are locally invasive and infihrate widely into 
adjacent normal tissues. In this respect they 
require vcry wide margins of surgical excision. 
Malignancy varies throughout the group, some 
tumours, for example the ~nine haemangioperi
cyto ma and well-differentiated fi brosarcoma, arc 
slow growing and rarely if ever metastasize. 
Other members of the group are much more 
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aggrcssive, they grow rapidly and have a high ra te 
of distant metas tasis, this is particularly true o f 
haemangiosarcoma and poorly differentiated or 
anaplastic sarcomas. Ahhough surgery andlor 
radiation is usually the treatment of choice for 
the primary tumour, adjunctive chemotherapy 
should be considered for the control of metastases 
in Ihesc aggressive tumours. Doxorubicin has 
proven activi ty against such tumours and may be 
used alone or in combination with vincristine and 
cyclophosphamide (the 'VAC' protocol, Tablc 
50.21; Hammer et ai., 1991 ) for this purpose. 
Indeed, doxorubicin o r VAC may have some 
effect against the primary tumour in cases where 
surgery is not possible and, although a complete 
regression of the tumo ur may not be achieved, 
this combination can be " cry effcctive in the palli 
ation of soft tissue sarcoma. 

Trtatment 01 mast cell tumours 
Mast cell tumours present the clinician with great 
problems in both diagnosis and management 
because o f their diverse and variable appearance 
and behaviour. Histological features, e.g. degree 
of cellular differenti;uion, mitotic rate, local inva
sio n, can be used to grade mast cell tumours and 
this grading system does bear some relationship 
to the clinicJ.1 behaviou r of the tumour and prog
nosis. Well-differentiated tumours tend to be low 
grade and rarely metastasize whereas poorly dif
ferentiated tu mours arc usually locally aggressive 
rumours which disseminate widely. Intermediate 
grade tumo urs arc usually only locally aggressive 
although metas tasis can occur. Cleuly there is 
an indication for systemic chemotherapy in the 
management of poorly differentiated mast cdl 
tumou rs, however, the value of cytotoxic drugs 
for this purpose is the subject of cont inuing 
controversy. A favoun.ble response may be seen 
after treatment with a combination of vincristine, 
cyclophosphamide and prednisolone but pred 
nisolone alone may be equally effective in 

Table 50.21 'VAC' protocol used in the treatment of soft 
tissue sarcoma 

Day 1. Doxorubicin: 
Cyclophosphamide 

Days 8 and 15 Vincrisllne: 

Repeal 3 weekly cytles 

30mgm '. lv 
lOll-ISO mg m ll.v. 

075mgm ~.I. v. 

Prophylactic antibiotic therapy with potentiated sulphonamldes is 
advised. 

'0 10 rad 0 
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cytotoxic drugs and the marrow can, therefore, 
recover from cytotoxic damage once the agent is 
withdrawn. In practice, anaemia resulting from 
cytotoxic drug therapy is l',1re. A mild to moder+ 
ate thrombocytopenia often occurs but is !';lrdy 
severe enough to cause bleeding and neutropenia 
is the most common and the most serious compli+ 
cation of chemotherapy. 

h is import'ant that all animals receiving cyto
toxic drugs have their blood cell counts moni
tored regularly. After a single infusion of a drug 
such as doxorubicin. the g!';lnulocyte COUnt would 
be expected to fall to a nadir at 5-10 days and 
recover by 21 days. In this case a white blood cell 
COUnt should be t:lkcn on d:lY 21 , to check that 
recovcry has occurred prior to lhe next infusion 
of the drug. The duration of myelosuppression 
may bc 10llger in drugs whit:h do not have cell 
cycle specificity. for example. dacarb:lzine C:luses 
m:lximum myelosuppression at 2--4 weeks. If lhe 
patient is receiving :l low-dose continuous (rC:l t
ment, the cell counts should be me3Sured every 2 
weeks where possiblc. Myelosuppression is con
sidered to be scvere when the total white blood 
cell count is le.!iS than J.O x 10' 1-1 :lnd patients with 
neutrophil counlS less th:1I1 1.0)( 10' 1-1 arc at high 
risk for sepsis. In patients where the neutrophil 
count is less th:1Il 2.0 )( 10' 1-', cytotoxic trcatmem 
should be discontinued umilthe cell coum recov
ers after which therapy may be re-instituted using 
75% of the initial dose. In patients where the neu
trophil count is of the order of 2- J x 10' 1-', the 
dose of cytOioxic drug should be reduced by 
50% and the white! blood cell count monitored 
carefully. 

Neutropenia predispost.-s the cancer patient to 
infection which can ilave serious and life-threat
ening consequences. Infectious organisms may 
gain entry to the body through the respiratory, 
urogenital or gastrointestinal tracts, or through 
disruption of normal barriers (e.g. skin and 
mucosa) by the tumou r. Absorption of enteric 
bacteria through damaged intestinal mucosa is the 
mon common source of infection in animal 
cancer patients and £$Cbuicbia coli and Klebsiella 
pnrul1Ionim' arc two of the most common patho· 

• • gelllc organ15I11S. 
Ident ification or detcction of sepsis c:m be dif

ficult in the neutropenic patient because the 
inflammatory response is altered by thc ncu
tropenia. Pyrexia is the most consistent sign of 
sepsis and although pyrcxia may be due to 
tumour necrosis or other causes, in a neutropenic 
patient it silould always be assumed that pyrexia 
is due to sepsis. Since defence mechanisms of the 

host arc severely compromised, immediate treat
ment is rC<juired to prevent overwhelming infec~ 
tion and death. All cytotoxic drugs should be 
discontinued immediately, aggressi\'e intra\'cnous 
antibiOlic therapy should be commenced with :l 
combination of agents providing a broad spec
trum of bacteriocidal activity. e.g. gentamycin 
and a ceph:llosporin or enrofloxacin. The patient 
should be maintained on intravcnous fluids as 
necessar),. Blood shou ld be takrn for aerobic and 
anaerobic culturc and ant ibiotic thcrap)' c:ln sub
sequently be adjusted according to the results of 
culture and sensiti\·ity. 

Prophylactic antibiotic therapy is recom
mendt.'<i in any neutropenic patiem recei"ing 
chemotherapy or if thrre is an existing predisposi
tion for infection. e.g. an C'xposed necrotic 
tumour. Care has to be taken in the selection of 
antibiotics for these patients. The nornlal imesti
nal flora affords a degree of protection against 
opportunist p:lthogens and disruption of this nor
mal fl ora can predispose to bacH'rial overgrowth 
and systemic infection. Antimicrobial agents such 
as potemiated sulphonamides which have mini
mal effects on the gastrointcstinal flora should be 
used in these circumstances. 

Anorex/a, vomiting and gaslroinlestinalloxicity 

M:lny cytotoxic drugs can cause anorexia. \'omit
ing and diarrhoea. This may occur as a direct 
result of the action of the drug on the: oral. gastric 
:lnd intestinal epithelium or as:l result of non-spe
cific myelosuppression. Death and desquamation 
of alimentary epithelium usually occurs 5-10 days 
after administration of the drug and leads to stom
atitis, vomiting and mucoid or haemorrhagic diar
rhoea. In the majority of cases such problems arc 
self-limiting and the animal rt.'Covcrs spont:l+ 
neousl)' as the normal ali mentary epithelium 
regenerates. Vomiting and diarrhoea can lead to 
dehydration and electrolyte imbalances and intra
venous fluid therapy should be gi"en in cases 
where the vomiting/d iarrhoea is se\'cr(' or pro
longed. Mucosal injury can also predispose to 
systemic infection and parenteral antibiotics may 
be indicated. as dist:ussed above. 

Some drugs induce nausea and "omiting by 
stimulation of the chemoreceptor trigger zone. 
thesc include cisplatin and doxorubit:in. Salivation 
and vomiting may occur during administration of 
these drugs but :1re more frequent within thc first 
24 hours of administration. Antiemetics, e.g. 
metacloprarnide, arc useful in Ihe prevention or 
cont rol of drug-induced vomiting and pretreat-
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ment with such agents is recommended before the 
administr:uion of cispbtin. 

Sp,,'fIc loxlclty ollndirldu, ' ,geniI 

Several cytotoxic drugs which :m:: regularly used 
in veterinary cancer medicinc havc specific [Oxic 
cffects. 

Cyclophosphamide-Induced hl lmorrh. glc qltllis 
Haemorrhagic eysti tis is a serious complication 
of cyclophosphamide therapy. Met:l.bolitcs of 
cyclophosphamide (in puticubr acrolein) are 
excreted in the urine and have an irritant effect on 
the bladder mucosa. They causc an acute infiJ.mma
tion,often with profuscblecding, and result in a ster
ile haemorrhagic cY5litis. Haemorrhagic cystitis can 
occur :u any time during cyclophosphamide ther
apy hut is morc common after administration of 
high doscs of the drug or after long-term, continu
ouslow-dose therapy. Haemorrh:tgic cystitis is also 
more common in patients with reduced urine out
put. The risk ofhaemorrhagic cystitis c:tn be reduced 
by minimiz.ing conuct of the metabolites with the 
bladder q>i thdium through eNuring the p:ttient is 
adequalcly hydr:ucd, promoting flu id inlake and 
encouraging the animal to empty Ihe bladder 
frequently. 

There is no specific therapy for cyclo
phosphamide-induced hlernorrhlgic cystitis. 
Cyclophosphlmide therlpy should be cel5ed 
immooil tdy, supportive meuures such lS ensur
ing adequlte hydration and the usc of l nli-infll m
mltory and antispasmodic agents may be hel pful. 
ungeof the bbdder wall with cold saline may be 
beneficial and surgical debridemenl of mucosal 
deficiu may be w;unnted in scvere cases. A 
favou",ble response to intravesicu lar insti IIllion of 
dimethyl sulphoxide (DMSO) has been reported 
in a small number of cases (Laing rt al., 1988). The 
drug Mesna (Uromirexan nI, Boehringer), reduces 
the production of acrolei n and acu specifically 
with this metabolite in thc urinary tract. Mesna 
may be administered simuhancously with cyclo
phosphamide to prevent haemorrhagic cystitis in 
human cancer patients. There is lillie experience of 
the value of this agent in animals. 

Prolonged cyclophosphamide the:tlpy may 
lead to an insidious and irreversible: fibros is of the 
bladder wall resulting in conttlction of the: blld
der and urinary frequency or incontine:nce. 

Doxorubicin-Induced clrdlomyopl thy 
Doxorubicin can cause: both lCotc and chronic 
cardiac toxicity through cffeCI5 on myocardial 
calcium melabolism. 
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Acute toxicity 
Cardiac arrhythmias :lOcl ECG abnormalities 
often occu r during and immedi.lIel)· following 
infusion of doxorubicin. In moS! cases these 
abnorm:tl ilies arc not associated with clinical 
signs, the heart reverts to normal rhythm shon l)' 
after the infusion and anti:trrhythmie therapy is 
not required. On rare: occuions ventricular arry
thmiu can occur and patients should :tlways be 
carefully monitored throughout the infusion of 
the drug for this re:lSon. 

Chronic toxlctty 
Doxorubicin-induced cardiomyopathy is the 
result of 3. cumulative toxicity of doxorubici n on 
Ihe myocardium which is irreversible. The devel
opment of cardiomyopathy is related to the toul 
dose of doxorubicin administered. Although 
there is some intcrpltient variation serious toxic
it y usually occurs after a cumuhnive dose of 
240 mg m-j has been administered to a dog. 
C hanges in myocardial contrlctility may be 
detected on ultrasonography at total doses u low 
as 180 mg m·j

• Electrocardiograph changes may 
also precede clinical (cardiac) signs of toxicity. 
Doxorubicin-induced cardiomyopathy results in 
a congesti \'e heart failure which does not rtspond 
well to convemional treatme:nt. For this rusan 
thc usc of doxorubicin should be avoided in 
patiems with existing cardiac dise:ase and the lotal 
dose of 240 mg m , j should not be exceeded in any 

• pallen! . 

I Guidelines lor Ihe sale handling 01 
cytotOXiC drugs 

The following notts arc intended as guidelines to 
the precautions which should be taken to reduce 
the exposurc of personnel to cytotoxic drugs 
when such agents arc used in veterinary practice. 
Mlny cytotoxic drugs are carcinogc:ns and muta
gens, some arc also tcratogens. Many cytotoxic 
drugs are: also extremely irritant and produce 
harmful local effC'C ts after direct contact will1 the 
skin or eyes. Detailed local rules :tnd ptlcliccs 
should be eS!ablished for the safe handl ing of 
cytotoxic drugs at placts where they arc used. 
Cytotoxic drugs should not be handled by preg
nant staff. 

Cytotoxic drugs arc commonly available in two 
fo rms: tablets or capsules for otll adm inistr.uion 
and powder or solutions for injection. There arc 
three possible rout es through which the agent 
may cnter the body: 
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I. Inhalation may occur where an aerosol or air
borne dust is generated due to poor techniquc 
or accidcnt during manipulation. 

2. Ingenioll is unlikely to occur if good hygiene 
procedurcs arc followed. 

3. Skin contact; somc drugs may be absorbed into 
the body through the skin if not removed by 
washi ng. 

Tablets/capsulfls 

I.n most cases these products arc packed in suled 
containers and many arc now individually blister 
packed. Most tablets .are further protected by an 
inert barrier coat. Such prodUCIS do nOt there.fore 
pose a hazard to staff or other personnel who may 
handle them unless they are mishandled or 
crushed. 

General guidelines lor the use 01 cytotoxic agents in 
labletlorm 

I. T ablclS should nOI be broken o r crushed and 
capsules should not be opencd. 

2. Disposable gloves should be worn when 
handling any tablet which does not have an 
inert barrier coat. 

3. Where l:'Iblets are provided in individual wrap
pcrs, they should always be dispensed in this 
fo rm. 

4. In addition to the statutory req uirements for 
the labell ing of medicinal products, all contain
er.! used for d ispensing cytotoxic drugs must be 
child-proof and carry a clear w:'Irning to keep 
out of the reach of children. Containers should 
also be clearly labelled with the name of the 
agent. 

5. Staff and owners should rtteive clear instruc
tions on Ihe administration of tablets. 
Disposable plastic or rubber gloves should 
always be worn when administering these 
tablets because the protective barrier may 
break down on contact .,vith saliva. 

6. Always wash hands after handl ing any drug 
7. Excess or unwanted drugs should be disposed 

of by incineration in a chemica.l incinerator. 

In/flctabl8 solutions 

The mai n risk for exposure to personnel arises 
during thc prepOlration and administration of 
injectable cytotoxics. mallY of which arc pre
sented as free7.e-dried material or powder, requir
ing to be mixed with a diluent. Potential dangers 
in the handling and manipulation of these prod 
UCts are thc creation of aerosols during prepOlra-

tion/ reconstitution of the solution and accidental 
spillage of solutions ei ther onto work surfaces or 
body surfaces (skin, mucous membranes. eyes). 

General guidelines lot Ihe salehandling of injectable 
cytotollc drogs 

I. The drug should only be reconstituted by 
trained personnel. 

2. Reconstitution of Ihe drug should only be per
fo rmed in a designated area, well away from 
thoroughfares and food. Ttthniques should be 
used to prevent high pressure being generated 
within the "'ials and minimize the risk of creat
ing aerosols. When excess air is expelled from a 
filled syringe it should be exhausted into a pad 
and not straight into the atmosphere. 

3. AdequOlte protective clothing should be worn. 
This varies according 10 the agent. The mini 
mum requirement should be suitable gloves 
and a gown with long sleeves to protcct the 
skin, a protecti"'e visor or goggles to protect the 
eyt.'S and a surgical mask to provide some pro~ 
tcetion agOlinst splashes 10 Ihe face. It is prefer. 
Olble to reconstitu te some cytotox ic drugs, e.g. 
doxorubicin, in a protecti"'e eabinel with exter
nal exhaust. 

4. Administration: Lucf lock fittin gs should be 
used in prefercnce to push connections on 
syringes, tubing and giving $ets. All animal 
paticnu must be adequOl tely restrained fo r this 
procedure by trained staff. Fractious o r li,'ciy 
:lIlimals may nel'd to be sedated. 

5. Waste disposal; Adequatc care and prepOlrOltion 
should be taken for the disposal of items 
(syringes, needles etc.) used to reconsti tute and 
administer cytotoxic drugs. 'Sharps' should be 
placed in impenctrable containers specified for 
the purpose, solid waste (c.g. contaminated 
equipmcnt, absorbent pOl pcr elc.) should be 
pl:!ced in double-scaled polythene bags. All 
such waste should be disposed of by high tem
perature incineration by a licensed authority. 

6. In the event of spill:!gc the following actions 
should be taken: 

(a) Personal proll'Clive equipment should be 
put on; 

(b) The spilt material should be mopped up 
with disposablc absorbent towels (these 
should be damp if the spill material is in 
powder form). The towels should be dis
posed of as abo"'e; 

(c) Contaminated surfaces should be washed 
with plelllY of water. 

Ind ividual products vary with regard to irritancy 
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and potent ial carcinogenic. mutagenic and terato
genic haz:J.rd. Data sheetS and health hazl.rd sheets 
should be consulted before use of any such agcnt. 

I APPENDIX I: CONVERSION OF BODY 
WEIGHT TO SURFACE AREA 

k x BWI(kg)I" 
Body surflcc area:o 

10' 

Whue k = 10.1 for dogs and k = 10.0 for CJts. 

Table 50.A1 Body weight surface area convers ion for 
dogs 

k, m' k, m' 

0.5 0.06 26.0 088 
1.0 0.10 27.0 090 
'.0 0.15 28.0 0.92 
3.0 D.2Q 290 094 
4.0 025 30.0 096 
5.0 0.29 31 .0 0.99 
6.0 0.33 32.0 101 
7.0 0.36 330 1.03 
6.0 0.40 34.0 1.05 
' .0 0.43 35.0 107 

10.0 0.46 36.0 1.09 
11.0 0.49 37.0 111 
12.0 0.52 36.0 1.13 
13.0 0.55 39.0 115 
14.0 D.sa 40.0 117 
15.0 060 41 .0 1.19 
16.0 0.63 42.0 1.21 
17.0 0.56 43.0 1.23 
18.0 0.69 44.0 1.25 
19.0 0.71 45.0 1.26 
20.0 0.74 46.0 1.28 
21.0 0.76 47.0 130 
22.0 0.78 <\8.0 13' 
23.0 0.81 49.0 134 
24.0 0.63 SOD 136 
25.0 0.85 

Table 50.A2 Body weightsur1ace area conversion for 
O11S 

k, m' k, m' 

' .0 0.159 36 0.235 ,., 0169 3.6 0,244 
' .4 0179 40 0.252 
' .6 0.189 4.' 0,260 
' .6 0.199 4.4 0,269 
30 0.206 46 0.2n 
3.' 0.217 4.6 0.285 
3.4 0.226 50 0.292 

·. 
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• Alkylallng agenls 

Cyclophosph,mld, 

PoM Cydophosph:lmidc (Ph,umacia and Upjohn) 
Po M EndounaT'" (AST A Medi t .l.) 
US - Cyton" r .. (Mead-Johnson) 

Avail.:Jble .<IS: oral preparations; cyclophosphamide 
ublcls, SO mg (Cytoxan - 25 mg 
tablcts) 

parenteral prcpuations: cyclophos-
phamidc powder (as hydrate) for 
r«onstltut!on. 

100 ms. 200 rng, other sizes anilablc 
(reconstitute with stcrile WJ.lcr and usc 
within 2 h of preparation) 

IndicationJ.· lymphoproliftrati,·t di~<1St$ .1nd 
myeloproliferative diseases 
multiple myeloma 
(s.m;omas and carcinomu) 
(immunosuppression for immune 
mediated di~.ut$) 

Side effecu: myelosuppression 
gutrointestin.ll 
urologkal (haemorrhagic cystitis) 
.1lopcci.1 

DOfe: mOst commonly used: 
SO mg mol p.o. every other day or for 
the first" d<1Ys of each week or. 
100-300 mg m-l p.o. or i.v. every) 
weeks 
(nOie maximum recommended dose for 
dogs, 250 mg mol). 
(T .lblC$ 50.16, 50.18-50.21 ) 

Chlorambucil 
PoM leukeran "" (Gino Wellcome) 

Available aJ: Chlorambueil tablel5, 2 mg, 5 mg 

IndicalionJ.· chronic lymphocytic leuk<1emia 
multiple myelo m<1 
lympho m<1 (ma.intenance therapy) 
(polycyth<1emia. vera) 
(immunosuppression for immune-
media.ted diseases) 

Side effects: myelosuppression (reversible on stOp-
ping treatment) 

D oft: 2- 10 mg mol p.o. every 24 or 48 h 
(Tables 50. 16, 50.19, 50.20) 



AfJ.,iiAbl~ as: Injection 
Rapid dissolu tion - powdcr fo r recon
stitution. 10 mg. 50 mg 
Solution fo r injection - 2 mg ml-I , 5 m!. 
25 ml 

InJiattiom: lymphoprolifcntive and myeloprol ifer
ative disea5C$ 
soft tissue and osteogenic n rcomu 

1 (tarcinomas) 

Sid~ ~ff«tS: tissue irrit;tm - sc:vcre perivascular 
reactions 
myelosuppression 
gastrointestinal 
cardiac (acu tc and cumulati ,'e) 
urologit - nephrotoxic in t ats 
alopecia 
anaphylat tit reattions 

Dos~: Dogs: 30-60 mg m-J every 3 wt'Cks to a 
maximum of 2-40-300 mg m-l or 
10 mg m-: on days 1.2 and 3 evcry 4 
w«lu 
Cats: 20 mg m-l every 3--6 weeks 
(fables 50.16, 50. \8. 50.21 ) 

Eplrublcln - flpl-doxorublcln 
PoM Pharmorubidn n.< (Pharmada and Upjohn) 
(an analogue of doxorubicin) 

Af,'lIiiAblc as; powder for reconstitution, 10 mg, 
20 mg. 50 mg 

I ndiattiollS: 

Side: e:/Ju ts: 

Dost: 

lymphoprolifcr:l.ti vc and myeloproli fer
ative di~ases 
soft tissue and osteogenic sarcomu 
(~rcinomu) 

tissue: irritan t - s(v(re P(ril'uwlar 
reactions 
myelosuppression 
ganrointc:stinal 
C:lrdiac (not u toxic as doxorubicin but 
cautio n is advised) 
alopecia 
anaphylactic reactions 

Dogs: 30-60 mg m-l (very 3 weeks to a 
maximum of 2"G-Joo mg m...l 
D ts: 20 mg m-l e:V(ry J...(, weeks 

• Vinca alkaloids 

Vlnbl,slinfl 
PoM Vinblastin e (N on-propriet"ary) 
PoM Velbe" · (Lilly) 

AVlliiAb/~ as: injcction, vinblu tine: sulphatc powder 
for reconnitut ion, 10 mg 

Indications: Iymphoproliftrativc disorden 
(mammary and testicular n rcinomu ) 
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Sid( ~ff~t:U: myelosuppression 
tissue irri tant - peri,'ascubr reactions 
ncurologiCliI 
gastroin tcstinal 

D OH' rlltt: 2.~2.5 mg mol c\'ery 7 day~. 

Vincristinfl 
PoM Vincrilt ine (N on-propri e1"ary) 

Available as: injection, vincris tine sulphate I mg m '; 
I 011,2 011 injcctio n, vincriSiine sulphatc 
powder for reconstitutio n, I mg. 2 mg. 
5 mg. 

I"dications: Iymphoprolifentive and myeloproli fer
at ivc diseases 
mast cell rumoun 
tnmmiuible venereal tumour 
(thrombocytopenia) 

Side ~ff~'fJ: tiuuc irritant - pcrivastular reactions 
pcriphcnl and autonomi, ncuropathiC$ 
mild alopecia 

Dos~ rau: 0.5-0.75 mg mol ('Vcry 7 days. 
(fables 50. 16, 50.\8-50.21 ) 

• Hormones 

Prednlsolonfl 
PoM Prronsiolon.e (non-proprietary) 

Avai/abil'm: 

IndicatiollS: 

Side effects: 

Dos~ ,au: 

tablets: I mg and 5 mg 

Iymphopro lifernive and myeloprol ifer
ative disorders 
mas t ' ell tumours 
bnin tumoun 
management of complications o f 
neoplasia 
palliation of advanced neoplastic 
disease 

.. 
pancreallus 
diarrhoea 
hyperadrenocorticism 

10-60 IlIg mol daily or c\·ery 48 h 
(fables 50. 16. 50.18-50.20) 

• Miscellaneous agents 

Platinum coord/nal/on compounds 

C/spl,tln 

PoM CiJpla tin (Non-proprietary). 
US Platino ll~ (Bristol-Mycn) 
(Diamminedichloropluinum (11) 

Avajlabll' as: inj~'aion, dsplatin I mg m-' , 10 ml, 
50011,100 ml 
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Indi(Atwm: 

Side t{fuu: 

Dolt r .. tr. 

injcction. cispl.atin. powdtr for rC'Con
stitution 10 mg, 50 mg (other ,ius 
u~ihble) 

. 
carcinomas 
soft tissue md oSirogenic sarcoma 

nephro toxic, ~cute proximal tubular 
necrosis (c isplatin mun ~ adminiS{(red 
with intcnsi"e fluid diu resis) 

• • vomLllng 
(myelosuppression) 

60-120 mg m-l .... ith prehydr~t ion ;&nd 
diuresis, "cry 1-4 weeks 

L -Asp'rBglnlsI 
VS, Ebpu'''' (MS.D.) 

CrlSlntlspISI 
PoM Erwin:ueTI>I (Speywood) 

A"AiL.blt A': injection, powder fo r reconstitution, 
10000unilS 

J,ldic4tiom: Iymphoprolifcr.lli,·e disorders 
(md.anom.a .and mut cell tumours) 

Sidt t/feru: hypersensitivity re~ions (ufest rOUte 
of admininr.uio n is inlnmu5ot'ular) 
~emorrhagic pancre"itis hu been 
reponed in dogs 
gastrointestirtll 

Dolt rAte: 10000-40000 IV mol every 7 days or 
as requi red (i.m). 

Hydroxyurea 

Prcmedicue with antih istamine if drug 
is 10 be administercU i ..... or i.p. 
(Tables 50. 16, SO.18) 

PoM H ydrca TIoI (Squibb) 

A"Ailablt AJ: capsules, h),droxyurea 500 mg 

IndiOltions: polycythumi", rubra vera 
chronic granulocytic leuhemia 

Sidt ef{rm: myd o$upprenion 

Dose 'A It: 50 mg kg-t daily to effect or 80 mg kg-I 
",'ery 3 days, by mouth. 
(Table 50.19) 
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The incidence of behaviour problems in dogs 
is 40-50% and of serious problems 20-25% 
(Wilbur, \976; Voith, 1985; O'Farrell, 1992). 
Although fewe r C3.t.S than dogs prescnt 10 \'Clen

nary surgeons with behaviour problems, Voith 
(l985) found owners reponi ng a comparable inci
dence (47% in cats versus 42% in dogs). Serious 
behaviour problems must be taken seriously. 
11ley can be life-threatening for the PCI in the 
sense that they may 1e.1.d to euthanasia. In addi
tion, many behaviour problems which the owner 
f;hoosc$ 10 tolerate may significantl y impair the 
qualit)· of life of the animal :l.nd/or owner. Many 
owners do not spomaneously consult their ,'eteri
nary surgeon about beh:l.viour problems, perhaps 
because they do not realize that they have any
thing to offer. It is therefore advisable to enquire 
routinely about behaviour, perhaps during 
general health checks. 

In order to treat behaviour problems success
fully, it is necessary to understand something of 
the processes underlying behaviour. 

I COGNITIVE PROCESSES 

• Thinking and learn ing 

Dogs and calS tend to be regarded as family mem
bers and because they are such sensitive observers 
of human body language, there is a tendency fo r 
owners to ascribe to them human powers of 
thought. It is important, however, to recognize 
the limitations of their cognitive power. T hey 
cannot think in all abstract or symbolic way. They 
cannot understand language and they cannot 

Problems 01 anxiety and stress 
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reflect on the past or the future. There is, there
fore. no point in warning them nOt to do some
thing in the fu ture (e.g. urinate in the owner 's 
absence) or to remonstrate with them about 
something done in the past (e.g. having urinated 
when the owner was o ut). They an.' also incapable 
of learning or fo llowing a rule: for example, a 
dog rna)' reliably walk to heel on the pavement 
because it has formed the habi t of so doing, but it 
has not understood that it must not run in the 
road. Thus training a dog 10 behave in some desir
able way must consist of getting it into thc habit 
of performing in this way, ra ther than gett ing it to 
understand or showing it what to do. Therefore, 
the principle of human learning that much is 
learned from mistakes docs not apply to learning 
in dogs and caLS. In :l.ddition, nei ther dogs nor c.ats 
can be said to have a moral sensc; they c.an h;1\'e no 
concepts of right and wrong. It is, therefore. inap
propriate and usually counterproductive for an 
owner 10 feel morally outraged by his dog's or 
cat 's undesirable behaviour or to att ribute to it 
cOOlple)[ Oloral motives such ali revenge. Dogs and 
cats learn ncw behaviour in two ways: via da5Sical 
conditioning o r inSlrumcmallearning. 

Classical conditioning takes place whcn a 
stimul us (technic:a lly known 3S the unconditioned 
stimulus) which naturally or insrinctively pro
vokes a refl ex response (unconditioned response) 
is repeatedly paired with a prcviously neutral 
stimulus (conditioned response). E,'enlUally the 
neutral stimulus on its own will provoke the 
reflex response (conditioned response). The best
known example of this phenomenon is its early 
demonstration by Pavlov, using dogs. T he uncon
ditioned stimulus used was food, the uncondi
tioned response being salivation. AI the same time 
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1030 I BEHAVIOUR PROBLEMS 

as food w;as presented to the dogs. the bell w;as 
rung (conditioned stimulus). E\'entually the dogs 
salinled when they he.J.rd the bell on its own. By 
and luge, responsts mediated by the autonomic 
nervous system arc learned vi;a d;15siul condition
ing, e.g. sexual responses. urination and deit'Ca
tion and emOlion;t1 responses such as aggression 
or fe;tr. 

Inslrummta( (taming ;tpplit'S 10 volunury 
mo\·ements. Its buic principle is that if an action 
(response) performed in a ceruin situation (stim
ulus) is followed by a rew;trd (rei nforcement) 
when that situation occurs as:lin the prob:lbili ty 
of the ;action being performed is increued. Dogs 
;and catS are equally capable of instrumentalle:lm
ing, but because dogs lend to fi nd more rewarding 
('\'cntS which ;tre under the owner's control (e.g. 
pro1ise. tit -bits), the behaviour of dogs can be more 
eui ly altered by the owner. It is worth beuing in 
?,ind the following :l.Spt."C1S of instrumental leam
mg. 

1. To be most effective:, a reW3rd must be deliv
ered at ,he S3me time ;15 the response to bc 
learned or wi thin one s«ond aft erwuds. 

2. Much problem behaviour in dogs is the result 
of inslrumentalleaming and it is usually wonh 
examining the situation in which the problem 
beh;aviour occurs for hidden rewuds. This 
rew;aro often turns out to be ;aue:ntion from the: 
owner. even when this anemion t;akes the form 
of anger. 

J. Different schedule:s of reward :lfe most effec
ti\'e at diHerelll st;tges of learning. When an 
animal is being [;tught a response. it will le:lrn 
most quickly if the TCsponsc is rcw:lrded e\'ery 
lime it occurs. Once a responsc is t'Stablished, it 
is most resist:lnt to extinction (unlearning) if it 
is rew;trded :11 i rr~ular intervals. This often 
applies !O learned problem beh;aviour in dogs. 
such u begging for food at human meairimes, 
where the owner is aW:l.Te that the beha\·iour 
should not he rewarded, bUI oce:l.Sionally docs 
'0. 

4. Some events which ;tre nOi intrinsically reward
ing can act as rew:lrds because of their learned 
u$OCi:lIion with intrinsically rewarding e\'enlS. 
Thill phenomenon is known as secondary rein· 
forcement. Thus. an owner n n make a toy into 
a sccondar)' reinfo rccr for his dog by arr.lnging 
that the dog picking up the 10)' is a prccondition 
of a pleuurable event such :IS bcing fed or 
getting attention from the owner. The to), un 
the:n be employed in the t~a!ment of a r:tnge of 
behaviour problems (see bclow). 

PUllishmem is the most over-u~d technique in 
the: u e;'lIment of behaviour problems. It is often 
the method tried first by owners. whereu it 
should be :I method of last resort. Although it 
occasion;r,lly is spt'Ctaculor.r ly sueecssful. it has 
m;r,ny possible pilf.J.lIs. 

1. To stand any chancc of being efft:eti\·e. punish
ment must be delivered wilhin one st:eond of 
the undesirable bcha\'iour. There is. therefore. 
no point in taking a puppy to a puddle on the 
fl oor madc h;al! an hour pre\·jously and smack
ing it or shouting at a dog when the chewed 
remains of a slip~r :arc disco\'ered . 

2. Even when delivered:al the right time, there is a 
danger th:al the :anim;tl will ;usociate the aver
sive stimulus with the wrong aspect of the situ
ation. For example. an owner who shouts :II :a 
spr.lying cat may leach it 10 Spr.ly only when 
thl.' owner is absent, r:a ther than teaching il not 
10 spray in the house. 

3. The intensity of the punishment mUSt be 
exactly right. If it is tOO strong it may provoke 
fear or :aggression. If it is tOO weak it will be 
inefft'Ctivc. 

... If punishment is repe;lIcd. the anim:ll is likely 
to become h:lbiluated to it. This means thaI a 
stimulus which is effecti \'e in stopping undesir
;J.ble behaviour the firs t time. m:l)' become incf
ft:eti\'e on subsequent occasions. 

5. B('C;luSt' of their put e:xperience: of punishment 
and bcc;J.use of their tempcro1menu, individu;al 
anim;J. ls volry in their ructions to the same pun
ishing stimulus: wh:at has no :lffect on one may 
frighten another severely. 

6. The more mot ivaled the animal is to perform 
an .tction, the greater the intensity of punish
ment required to StOp it. 

7. Punishment tends to increase .tnxiety. 
Therefore, if the behaviour is moti\'au.'<I by 
~nxiety in the fi rst pl;J.ce. pu nishment wi ll make 
It worse:. 

From the foregoing, it c;J.n be seen that if punish
ment works. il works quickly: this txplains the 
dramatic :lccounl5 of succcssful punishment 
(c.g. dogs permanently cured of food stealing by 
having :t t:lblC! clot h pulled from under them). 
Behaviour modifi c:l tion which relies on rewards. 
atinction, distraction and response substitution 
t:lkes ionge:r, bUI is more reliable. Where it is pos
sible to use thcse mcthods Ihey a~, therefore, 
preferable 10 punishment. Howe\'C' r, if there is no 
:titernnive to punishment. its effecti\'encss will bc 
muimized if the following prm'isos are borne in 
mind. 
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the relationship of the animal with itS other 
members? 

4. What is the attitude of th(' owner and other 
family members towards the problem? This is 
probably the most important single prognostic 
factor. In most cases, if the owner is not pre· 
pared to spend time or to uke the trouble, the 
treatment is unlikely to have a positive ou t· 
come. The prognosis is abo guarded if there is 
disagreemem over this question in the family. 

Treatment should always be based on some kind 
of diagnosis, even a tentati\'e one. The temptation 
to try out treatmem methods on an empirical, ad 
hoc basis should be resisted: if an empirical treat
ment fails no knowledge has been gained. If a 
treatment based on a diagnosis fails, at l('ast the 
diagnostic field is narrowed. 

• Treatment methods 

Surgical 

In cats, castration reduces or eliminates intermale 
aggression, urine marking and roaming in 
80-90% of cases (Hart and Barrelt, 1973). In 
dogs, roaming is fL"<iuced in 90% of cases, but 
intermale aggression, urine marking and mount
ing in only 50-60% of cases (Hopkins et al., 
1976). In dogs, the adminiSlr;ttion of an antian
drogen such as delmadione (Tardak, Synt('x) may 
be useful in predicting the affect of castration on 
an individual. In bitches, there is no evidence that 
spaying is likely to have a beneficial effect on 
behaviour. On the con trary, it tends to increase 
dominance aggression in puppies already showing 
some aggression (O'Farrell and Peachey, 1990). 

In c::tts other surgical treatments for spr;tying 
have b('en proposed, such as olfactory tr;tctotomy 
(Hart, 1981) :.I.Ild bilater:l.1 ischiocav('rnosus myec
tomy (Komtebcdde and Hauptman, 1990). These 
techniques must be regarded at present as exp('ri
mental. As a treatment for territorial ser:l. tching, 
dedawing is much less popular in Great Britain 
than in North Americ;J, . Presum:l.bly this is pmly 
due to the fact that a higher proportion of British 
eats go outdoors. There is evidence, how('\'er. 
(Landsberg, 199 1), that most outdoor C:l. ts arc not 
handicapped by declawing. On the other hand, 
territorial scr;ttching is less likely than spn.ying to 
be :.111 imolerable problem to most owners. All of 
these surgie2! interventions (olfactory tracto
tomy, ischiocavernosus myectomy and dedaw· 
ing) must significantly interfere with the eat's 
quali ty of life. Although in theory there might be 

cases where they are the onl y alternatives to 
euthanasia, other treatment methods or rehoming 
2re almost always prefer;tble and more appropri
ate. 

The surgical tre:nment of a stereotypy by 
removal of one of the body parts involved (e.g. 
treatment of tail chasing by removing the tail) is 
absolutely contraindicated. Such ;J,n approach is 
hardly ever successful and the discomfort pro
duced by the wound may well aggravate the prob· 
lem. 

Any attempt to al ter behaviour by surgical 
means should always be immediately followed by 
behavioural treatmem; there is otherwise a much 
higher risk of the undesirable behaviour continu-
• • IIlg or reappeanng. 

Drug treatment 
In gener;tl, it is beSI 10 reserve the use of medie:l.· 
tion for cases which are serious or at crisis point. 
Drugs should never be used without concurrent 
behaviour;t] treatment. Compared with the wide 
range of drugs available for the psychiatric treat
ment of hum:l.n beings, few arc licensed for the 
tre:l.tment of behavioural disorders in small 
ani mals. 

Until recently, the most widely prescribed 
was prob:l.bly acepromazin(' mal('ate (Acetyl
promazine, C-Vet). There is evidence that this 
reduces excitability more effectively than 2nxiety 
(Han, 1985). In cues of anxiety twO groups of 
drugs not licensed fo r animal usc, the benzo
diazepines, specially diazepam (Valium, Roche), 
and the tricyclie antidepressants, e.g. amitripty
line (T ryptizol, Morson), have been used success
full y. For diazepam, a dose of 0.5-2 .0 mg kg-I has 
been recommended fo r dogs and 1- 2 mg b.i.d. (or 
cats; for amitriptyline, 2--4 mg kg-I for dogs and 
5-10 mg for cats (Marder, 1991). With diazepam, 
initial paradoxical e((«ts such as hyperactivi ty 
have b('en reported. Animals should therefore be 
kept under supervision when these drugs arc 
given for the fi rst time. More recently, a combina· 
tion of phenobarbitone (7.5 mg b.i.d. fo r C:l.1S and 
2-3 mg kg-I b.i.d.for dogs) and propranolol (5 mg 
b.i.d. for cm and 2-3 mg kg-I b.i.d. for dogs) has 
also been found to be effective in reducing anxiety 
(Walker, personal communiution). 

In addition, long-acting opioid antagonislS 
such as naltrexone (Nalorex, DuPont) have been 
fou nd useful in the tr(':l. lmcn! of stcreotypies. 

In thc last few years, the bch:l.viour;tl effects of 
megeslrol acetate (Ovarid, Pitman-Moore) have 
become more widely known. In dogs, this is the 
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drug of choice for the tre;!,tment of gender-rel;!,ted 
problems such ;!'s dominance ;!'ggression, mount
ing and urine-marking. Because of its effects on 
the limbic system, tending to make ;!,nimals more 
tractable and equable in mood, the drug may be 
effecti\'e in a wider range of disorders whue emo
tionality or over-arousal 3fe contributing factors. 
In dogs, the recommended dose is 2 mg kif' daily 
for 2 weeks. followed by h;!,lf that dose fo r a fur
ther 2 weeks; this dosage can safely be given to 
intact and castrated dogs and to spayed bitches. 

In cats, megcstrol can reduce urine spraying 
and intermale aggression (Han and Han, J 985). It 
can also be helpful in the treatment of stress
relatro disorders. In many cases, however, the risk 
of adverse metabolic and endocrinological effects 
(Henik et al., 1985) may outweigh the benefits; 
diazepam is a safer option and may reduce urine 
spraying (Cooper and Han, 1992) and aggression 
as well as the more obvious symptoms of stress 
and anxiety. There is also evidence that buspirone 
is even more effective in reducing urine spraying 
(Han er al., 1993). 

Beh'I/louraltre,tment 

It should first be considered whether alterations 
are needed in the animal's general behavioural 
disposition? The alterations most commonly 
required are as follows . 

I. In dogs, cstablishment of owner dominance. 
This is nlOst obviously necessary when the dog 
is showing aggression. In addition, there arc 
other behaviour problems, such as poor 
response to the owncr's commands, which may 
also benefit from increasing owner dominance. 

2. Reduction of strcss: this should be attempted 
for animals showing symptoms of stress or 
anxiety. In addition to eliminating, where pos
sible, specific sources of strcss, all punishment 
should be stopped, thc animal's routine made 
as stable as possible and the owner should try 
not to makc the animal thc focus of extremes of 
emotIOn. 

To tackle the spa::ific problem a number of 
strategies can Ix considered. 

Remove or IHer the stimulus 
In most cases, it is worth starting by attempting to 
remove or alter the stimulus which elicits the 
problem behaviour, so that, if succcssful, the 
behaviour disappears. In some cases, panicularly 
in cats, this may be all that is nceded. In most 
e.ases, however, either the triggering stimulus can
not be removed because it is necessary to the 

animal's or thc owner's life or it is nOl sufficient to 
remo\'e it, because the problem behaviour will 
reappear in respoose to new stimuli. For example, 
excitement and barking in response to the tele
phone ringing may be temporarily eliminated by 
changing the sound of the ring, but it will usually 
rcappear when the dog learns the meaning of the 
new sound. It is therefore necessary to break the 
eonnection between the triggering stimulus and 
the undl'5irable rcsponsc. Broadly speaking. the 
methods of doing this (which are complementary 
rather than mutually exclusive) arc as follows. 

1. Extinction: the rewards for the undesirable 
behaviour are removed, e.g. a dog which 
pesters the fami ly for til-bits at meal times is 
ignored. This wi ll not work on its own when 
the behaviour itself is enjoyable or self-reward
ing, e.g. b;!,rking. 

2. Respome substitution: the animal is taught to 
respond to the triggering stimulus with an 
acceptablc action rathcr than with the undcsir
able behaviour. For example, a dog might learn 
to si t in the hall whcn the bell rings rather than 
running to the door barking. This learning will 
take place more easily if: 
(a) The animal first learns the al ternative 

response in ci rcumstances where there are 
no competing responses (e.g. the dog is 
taught to sit in the hall when thcre is no 
door bell ringing); 

(b) The animal is highly motivated to perform 
the alternative responsc because: 
(i) the responSe obtains an attractive 

reward. The attractiveness of a reward 
can be enhanced by being made a sec
ondary as wcll as a primary reinforcer 
(see section on Learning ). Thus the dog 
might be rewarded for sitting in the hall 
with a toy which had previously been 
associated with enjoyable play scssions; 

(ii) the response is itself intrinsically enjoy
ablc: responses which are motivated by 
the same instinct which prompts the 
instinctive behaviour have an advantage 
(e.g. pouncing on a toy mouse as an 
alternative to pouncing on human feet ). 

Systemallc desenslllzaUon 
This usually refers to a method of treating anxiety 
whereby the animal in a non-anxious state is pre
sented with a \'ersion of the triggering stimulus 
which docs not provoke anxiety. Suning with a 
very mild stimulus, the intensity of the stimulus 
can be gradually increased as treatment pro
gresses. The method can also be applied to prob-
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lems in which other states of high arousal arc 
ill\'olved, e.g. excitemem, aggression. In essence, 
the Illcthod consists of response substitution (see 
above), pl us presentation of the triggering stimu
lus in graduall y increasing degrees of imensity. 
Using the treatment of a phobil. as an example. the 
animal is first PUt into a relued frame of mind. 
This might be achieved by petting it, feed ins it 
tit -bits or by giving it a toy to pll.Y with, prefer
:lbly preconditioned as a secondary reinforcer. 
The animl.l is then exposed to a \'ersion of the 
phobic stimulus which is 50 mild that it elicits 
either no anxiety at all or very mild anxiety which 
decreases quickly. This stimulus is presented to 
the animal se\'eral times. This procedure is 
repeated with stimuli of progressively greater 
intensities until a stimulus of normal intensity Cl.n 
be toler.1.IOO. Care should be taken to observe the 
following conditions. 

1. Over the period of time when the treatment is 
being carried out, the :mimal should not be 
exposed to a normal version of the phobic 
stimulus. This Illay mean making special 
arr;lOgemcnlS or postponing the treatment 
until an appropriate time (e.g. winter lime fo r a 
thunder phobia). 

2. Treatment should proceed vcr)' slowly and 
gradually. If the animal shows incre;l.s ing. 
rather than d«reasing anxiety in the presence 
of the stimulus, this is a sign that the tre;l. tmen! 
is proceeding tOO fl.5 t; that it should go back a 
few stages and proceed:lt a slower pau. 

Thus the dog which barks at \'i5itors is taught to 
si t in the hall first of all with no \·isitors approach
ing; the next step might be for it to sit while a 
\'isi tor approaches the door and goes away with
out ringing the bell and 50 on. 

Distraction 
The dog is preventt.-d from responding to the trig
gering stimulus by distract ing it with a sunling 
(and sometimes, unpleuam) stimulus. The eHec
ti\'enc5$ of this method is greatly increased if it is 
combined with response substitution. The effee
ti\'eness of the stanling stimulus can be increased 
by preconditioning it: giving it a negative conno
ution by associuing it with an unpleasam or frus 
trating experience (see section on punishment), 
Care should be taken not to upset or frigh ten the 
animal exeessi\'ely as this may lead to behavioural 
side effects such as fear or aggression. In cases 
where the problem is caused by anxiety or stress. 
the distracting stimulus must be so mild as not to 
upset or frighten the animal at all. 

• Modilying owner altitudes 

The successfu l treatment of a beha\·ioural prob
lem in a dog or cat usual1 y involves a change in ,he 
owner's beha\·iour as well as that of the animal. 
Treatment plans which arc theoretically correct 
from the point of view of the animal's behaviour 
frequendy fail bccause the owner does not carry 
them out. It is therefore worth de\'oling attention 
to the factors which might facilitate or hinder a 
change of behaviour on the pan of the owner. 
This docs not mean that an owner is always 
responsible fo r his or her pet's behaviour prob
lem: it is as imponant to recognize wilen an 
owner's attitude is n OI affecting the pet's behav
iour as when it is :lffecting it. It is often tempting 
for a veterinary surgeon to dismiss a dog or cat's 
problem as being due to the ' neurosis' of the 
owner; this mental manoeuvre absolves him fro m 
the effort of puzzling funher o\'er the causes of 
the problem and of devising a treatment plan. Dog 
owners particularly arc prone to encourage 
unwittingly a fal se solution of this kind, ha\'ing 
taken to heart the often-quoted maxim that there 
arc no bad dogs, only bad owners. 

Corrccting an owner's misinterpret":l tions of his 
pet's beh;l\'iour is oft en an important prerequisite 
of change. For example, an owner may sec his 
dog's destructiveness or his eat 's spraying as a 
vengeful act. which may upset him undul y or 
lead to the inappropriate use of pu nishment. 
Som Climc$ it i5 dc:!.!' Ihal thc own('r '$ strong fecl
ings about his pel arc preventing him from accept
ing any re-interpretation of its behaviour or any 
ahernati\'e management regime. 

However biu.ffe the vcterinary surgeon may 
feci these attitudcs to be, it is important that hc 
tries to understand rather than to condemn them. 
Condemnation is likely to put the owner on the 
defensive. It is, therefore, advis:lble to refr:lin 
from gener:ll , judgemental comments (e.g. 'you 
spoil that dog' or 'you should be firmer with 
him') and concentrate on fact ual obsen 'ations or 
rccommendations about specific si tuations (e.g. ' it 
seems from what you tcll me that )'ou oft en 
reward Ihe dog's barking by paying him attcn
tion' or ' try ignoring tht dog when he pesters 
you'), 

• Alternatives to treatment 

Unfortunately, sometimes the \'clcrinary surgeon 
hears about a behaviour problem for the fi rs t time 
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Treatment should consist of removal, where 
appropriate, of the initial stimulus to aggression 
and system:uic desensitization to the victim. 

I PROBLEMS OF ANXIETY AND STRESS 

• Phobias and nervousness 

A monosymptomatic phobia in an otherwise nor
mal animal usually responds well to systematic 
desensitization. More general nervousness (e.g. of 
going outside, of people), especially if caused by 
restricted exposure to the relevam stimuli when 
young, is not 50 easy to treat. If system:uic desen
sitization and tranquillizing medication fail, it 
may be helpful to encourage the owner to work 
out a modus vivendi whieh is 10lel"2ble 10:l1l con
cerned, where the animal is not forced unneces
sarily imo the fea red situations, but the owner 
d~ not h«ome tOO preoccupied by the effect of 
his or her :lctions on the animal. 

I Overucltement and displacement 
activities 

Panicululy in dogs, these may appear only in a 
specific situation, such as in a car or when visitors 
arrive. They may be treated by systematic desen
sitization to or remoV1ll of the triggering stimulus, 
ensuring that the exciable behaviour is not 
rewarded or distraction and response substitu
tion. Thus excitement in the car might be treated 
by caging the dog so that it canROt see out of the 
window, not rewarding the excitement either with 
the owner's attemion or with the progress of the 
journey (this may mean stopping the car when
ever the excitemem starts). 

Destructiveness in the owner's absence in dogs 
is almost always caused by the stress of being 
parted from the owner; other manifesations of 
this suess are excessive barking or urination and 
defecation, which commonly occurs at night. 
Treatment should be aimed at decreasing the 
dog's dependence on the owner, who should pay 
less attention to the dog, especially immediately 
preceding and fo llowing a sepal"2tion. He should 
also systematically desensitize the dog to separa
tions, beginning with rewarding the dog for stay
ing in another room. There should be no 
punishment of destructive behaviour. 

Occasionally an animal may engage so con
stantly in displacement activities (e.g. tail chasing 
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in dogs, excessive grooming in cats) that they 
cause damage to themselves or distress to their 
owners. In the author's experience, in dogs this is 
almost alw:lYs linked with stress or disturbance in 
the owner or family. As well as treating the symp
tom behaviourly as outlined above, treatment 
should also be aimed at reducing the anim:ll's 
overall level of stress; diazepam, amitriptylin~ or 
megestrol may be helpful here. Longer-acting 
opioid antagonists, such as nahrexone (Nalorex, 
Dupont) have a.lso been found to reduce stereo
typic behaviour (Dodman ~t aL, \988). 

I Inappropriate Urination and 
delecaUon 

Involuntary urination in dogs may occur as an 
expression of submission, along with a submissive 
body posture. II may :lIsa occur as a result of 
excitement, for example when the owner returns 
home. It can be treated by reducing the domi
nance threat or the excitement of the situation. 

In dogs, nonnal urination (or, more rarely, 
defecation) indoors is often caused by faul ty 
IC:lrning. Once h:lving urinated in a particular 
SpOt, the stimuli there, including the scent mark 
left by the urine, tend to trigger the response of 
urinating again. Treatment consists of essenti:llly 
the same procedure whieh should be employed in 
house-trainin! a puppy; the habit of urinating in 
the correct p ace is built up by organizing the 
dog's life so that it urinates only in the desired 
place. It should be taken outside frequently, espe
cially after meals, after sleep or when it sniffs the 
ground for scent marks. 

In cats, normal urination indoors, or outside the 
litter tray, may occur because the cat has been 
deterred from going outside or from using its tray. 
Fear of a new cat in the neighbourhood. illness or 
infirmity may m:lke it disinclined to go out. A cat 
may be unwilling to use a liner tray which is in tOO 
public a place or is tOO near its food dish, which is 
100 dirty or which has a substrate of the wrong 
consistency. The problem may be improved by 
re-siting the trays, replacing them with covered 
'igloos', cleaning them more often or changing the 
substr.ue; cau tend to prefer litter with fine gl"2n
ules. Punishment is coumerproductive. 

Both dogs and C:lU may engage in territorial 
urination. It is more common in males; small 
amounts of urine are involved, often deposited on 
,·ertical surfaces and cau usually, but not always, 
adopt a characteristic posture (Fig. 51.4). In dogs, 
although there may be no obvious stimulus. it 
may be triggered by the arrival of a strange dog or 
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Figure 51 .4 Cat showing characteristic territorial 
urination posture. 

human visiwr in the house. Once the triggering 
stimulus has been identified, the dog should be 
kept under supervision at the relevant times and 
provided with 3n ahern3tive response. 

Spraying is more common in multical house
holds; il may occur when new pets or people arc 
3dded w the household, or when a cat fl3p is 
inSt3lled. It m3Y 31so be the result of general stress 
or of frustration. for e)Cample when wl1iting in 
vain for the owner's attention. Treatmenl usually 
in\'olves increasing the cal's sense of security. Cat 
flaps may have to be remo\'ed or the cat confined 
w a plac ... where it feels Sl'Cure: often a room 
where it does not spr3y. It is then gradually 
allowed access, under supervision. to the rooms 
where it used w spray. 

In cats. castration is likely to reduce territorial 
urination; it may also be helpful in dogs. 
Otherwise. for cats, diazepam is the drug of first 
choice. followed by megoestrol acetate for cases 
which bilto respond. MegeSlrol may reducC' ter
ritorial urination in dogs. For both spC'Cies and for 
any kind of urination, the marks should be cleaned 
with a biological detergent, ra ther than disinfec
tam which is liable to lC'ave its own seem mark. 

• Abnormal appelile. 

In dogs, coprophagia can be a problem. Although 
it is part of a dog's normal behavioural repertoire 

- bitches cat their puppies' faeces - many owners 
find it repugnam. The problem may be treated by 
supervising the dog at the rclevam times and 
employing distraction and response substitution. 
If the faeces arc the dog's own. the following 
modifications to the diet have been found to be 
helpful (McKeown ('t al., 1988): 

J. an increase in fibre and protein and a decrease 
in carbohydrate coment; 

2. an iron supplement; 
J. the addition of vegetable oil. increasing the 

dose over a week 10 15 m14.5 mg body weight. 

Cats, usually oriental breeds, sometimes cat wool 
and other fabrics. The causation of this behaviour 
is obscure, but it sometimes seems to fo rm pan of 
a prey cltching/eating sequence, in thlt the cat 
brings the fabric to its food dish, or eats it imme
diately aher its normal food. A dry diet or the 
addition of fibre to the diet may be helpful. as may 
melt with gristle attached to large bones. 

• Miscellaneous problems 

Noe coming back when called, on walks, is a com
mon problem in dogs. Analysis of the interaction 
between dog and owner may reveal that the 
owner is punishing rather than rewlTding the 
response of coming. Also these dogs have ohen 
learned to associate hearing the owner calling 
their names wilh the aCI of running away. To treat 
the problem the owner should frequently call the 
dog on walks, but only when the dog is likely to 
respond; he should not try to compete with rival 
attractions such as other dogs. The dog should 
always be rewarded when it comes. Increasing 
owner dominance may also be helpful. If the dog 
does run away. the owner should, where possible, 
resist the temptation to follow as this automlti
cally puts the dog in the position of leader. He 
should walk away from the dog: it may also be 
necesslry to do something intriguing such as talk
ing to another dog or even lying down. 

A common problem in calS is scratching veni
cal surfaces such as soft furnis hings. This is essen
tial self-maintenance behaviour for a cat but is 
also sometimes a (orm o( territorial marking. It is 
best treated by providing the cat with 3 scratching 
post co\'cred in material with a loose weave, 
placed close to the scratched furniture. which 
should be protected with, for example, a sheet of 
polythenc. Whcn the cat has transferred its sharp
ening to the post, this should be gradually moved 
away from the furniture. 
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I PREVENTION OF PROBLEMS 

As there is 3. genetic component in most behav
iour problems, breeders of both dogs and cals 
bear a great deal of responsibility for prevention. 
They should resist the tempt:al ion to breed from 
animals with behavioural difficu lties, however 
successful they arc at shows. They should :llso 
arnngc that, after the fi rst twO to three weeks of 
life. their litters are not kept in seclusion but arc 
exposed 10 normal domestic sights and sou nds 
and [0 a v;I,ricty of people. 

Similarly, owners, when they acquire a new 
puppy, should try to give it :15 much experience of 
the wider world ;u its \':lccinalion programme will 
allow: it should, fo r example be taken for car 
rides. As soon as possible, it should mix with 
other dogs. Time spent with ;l new kinen or 
puppy is a good investment. Its li fe should be 
arranged 50 that undesirable behaviour is pre
vented. Fo r puppies. tn ining of positive 
responses, such as sitting on command, can begin 
early, Responses such ;l.5 stay ing, which invoh'e 
self-restraint, arc more difficult for them and 
training o f them sho uld be delayed. Puppies 
should also be accusto med to gradually increasing 
lengths of separa tion from the owner, Allowing 
the puppy in m e bedroom at night has. from a 
behavioural point of view, both ad\'ancages and 
disadvantages; the issue is o h en an emotive one 
and the veterinary surgeon should not allow his 
own prejudices to influence his ad vice, 

I REFERENCES 

Agrawal, H .C., Fox, M.W. and Himwich, W.A. (1976) 
Neurochemical and behavioural eff~u of isolation 
rearing in the dog. Life Srienct 6, 71-78. 

Borchelt, P.L. and Voith, V.L. (1987). A~rasi,'c 
behaviour in cu s. Comptlldium Oil COII/inuing 
EduOttion for the Pracriring Vnt rinarinn 9. 49-57. 

Bradshaw, j.W.S. (1992) B~ha1Jiour of the DomeJti~ 

Cat. CAB Imtm:l.l ional, Wallingford. 
Catanzaro, T.G. (1988). A surve~' on the question of 

how well veterinarians are prcpared to preditt thei r 
die nt's human-animal bond. j ournal of the American 
Veten'nary MediCAl Anociation 192, 1707-1711. 

Cooper, L.C. and Han, B.L. (1992). Comparison of 
diazepam with progestin for eff~ti veneS$ in depres· 
sion of spraying beha"iour in ens. j ournal of Iht 
AmeriCAn Vmrinary Medical Assodatio" 200, 
797-801 

Dodman, N.H., Schuster, L., While, S.D., Coun , 
M.H .• Parker, D. and Dixon, R. (1988) The use of 
m rcotit agonisu 10 modify 51errotypic sdf-litking, 

REFERENCES I t 04 t 

sdf.chewin!> and scratching behaviour in dogs. 
journal oj the Am~ri~a" Veltrina,., Medical 
Anodatio" 193,8 1s-319. 

Hm B.L. (198 1) Olfatlory tnctotomy for control of 
objct'lionable urine spnying and urine marking in 
t au. j ournal of the American Veterin .. ,., Mtdica! 
AnoO.ltion 11 1.231. 

Hm. B.L. (1985) Beh~viouul indic;ttions fo r 
phcnOlhialine and benzodinepinc Ir~nq uill izcrs in 
dogs. j ournal of the American Velmllary Medi~"l 
Anodation 186. 1192- 119-4. 

Hart, B.L. and Barrell, R.E. (1973) Effccu of f;utntion 
on fi ghting. roaming and urine spraying in adult 
male cats. jOllrnal of Ihe America" V"teri"ary 
Mtdical AnOOation 163,290. 

HaTt. B.L. and Han, L.A. (1985). Cani"" and Frline 
Behaviour Therapy. Lec and Febiger, Philadelphi~ . 

Hm. B.L., Eckstein, R.A., Powell. K.L. and Dodman. 
N.H. (1993) Effectiveness or buspin.ne on urine 
spraying and inappropriate urination in t;lu. j oumal 
of Ihe Americ.m Veterinary Medical AJfocWtion 203. 
254- 258. 

Hcnik, R.A., Olson, P.N. and Roychuk, RAW. 
(1985). Progestogen therapy in cau. Comptl/dium 
0" Continuing Education for the Practici"g 
Veterillllrian 7, 132- 137. 

!-Iopk ins. S.G .• Schuben. T .A. and Han, ttL. (1976) 
Ca.nntion of adult male dogs: df~ts o n roaming. 
aggressio n. urinc marking and mounting. jOllrnal of 
the Amnica" Vrterinary Medical Auociation 168, 
1108. 

Karsh, E.B. (1984) factors innuencing the socialisation 
o f tats 10 prople. In: The Pel Connection (Edt R. 
Anderson, B.L Hart and LA. Han ), Uni"ersiIY of 
MinnesOiol Press, Minnesola. 

KaT$h, E.B. and T urncr. D.C. (1988) Thc human-<:at 
rdnionship. In: Tht Dommit Cat (Eds D.C. T urner 
~nd P.B. Baleson). Cambridge Uni"ersity Press. 
Cambridge. 

Kerby. G. and MacDonald. D.W. (1988) Cal socicty 
and the consequences of colony size. In: Tht 
Domm ie ea,; The Biology of lIS BehaviOllr (Eds 
D.C. Turner and P. Bateson), Cambridge Universi ty 
Press, Cambridge. 

Komtebcdde, J. and Hauplman, j . (1990) Bilalml 
is.chioca,·ernosus myeCtomy (or chronic urine spray
ing in caslra led male cats. Vrttrinary Surgery 19, 
29J-296. 

Landsberg, G.M. (199 1). feline deslrut lion and the 
effecu of d~hwing. Vettrinary Cli"ia of North 
America 21, 265-279. 

Lockwood, R. (1979) Dominante in wolves. In: Thr 
Brha'lliour and £ ro!o8} of Wolves (Ed. E. Kling· 
hammer). Girland Press, New York. 

Marder, A.R. (1991) Psythotropic drugs and beha,·
ioura! therapy. Velen'nary Clinia of Norlh Ammca 
21,329-342. 

Mt Kcown. D., Luescher, A. and "'hchum, M. (1988) 
Coprophagia: food for thoughl. Ca"adian 
Veurillari.w 28. 849- 850. 

Avk;lrSko Las~ C'lO gradivo 



1042 I BEHAVIOUR PROBLEMS 

Murphrt<', 0.0 ., Dykman, R.A. and PClcrs..j.E. (1967) 
Gcnclitally delerminro abnormal b.:haviour in thc 
dOli rr$ulu of behaviour.allr$l$. Conditiontd RtJltx 
2, 199-205. 

Neville, P.F. (1991) Treatmcnt of behaviour problem5 
in uu. In Pr .. ctiu IJ, 4) .... 50. 

O'Farrcll, V. ( 1992) M"nM .. I of C .. nint Bth .. viOMr, 2nd 
cdn. BSAVA PublitaliolU, Chcllenham. 

O'Farrell, V. (1994) Dog', Btft Friend. MC1huen, 
London 

O'Farrell, V. and Peachey, E. (1990) The behavioural 
cffecu of ov:ltohYltcrectomy on bitches. JOMmlll of 
S",..II Anim .. 1 Pr .. aict .)1 . 595-598. 

Turner, D.C. (1991) The C1hology of the hum.an-c:l.t 
relationship. Schwriu, Archio fMr TierhtilltMndt 
Ill, 6) .... 70. 

Voith , V.L. (198-4 ) Human/animal relationships. In: 
N Mfrition lind BthllV;oMr i" Dog. ,,,,d C,IIS (F..d.. R.L. 
Anderson). Pergamon Press.. New York. 

Vo ith V.L. (1984) Behayioural problems. I.n: C"ni"e 
Mtdicim .. nd Thu"pcMfjn, 2nd ron (Eds E.A. 
C handler, J.H. SUllon and D.]. Thompson). 
Bbckwcll , Oxford. 

VOilh, V. (1985) Anachmenl of people 10 companion 
anim.als. Vetcrinll? Clinia of Norfh Amtric .. 21, 
289-295. 

Voith, V.L. and Borchelt, P.L. (1986) Social behaviour 
of domcstic tau. CompendiMm on CominMing 
EdM c"tion for tbl! P,,,ctidng Vttmn" ,u,n 8. 617-644. 

Wilbur, R.H . (1976) PCI ownership and animal control , 
JO(ial and psychologital atti ludes. Report 10 

National Conference on Dog and Cat Control, 
Denyer, Colorado. 

Wil50n, M., Warren, 1.M. and Abbot, L (1965) 
Inf;lOti le stimulltio n, acti.,ity and le:ltning by cau. 
Child Dtwwpment J6, 8)}-851. 

I FURTHER READING 

Borchell. P.L (1991 ) Cat eliminnion behaviour 
problems. Vrtrrin"", Clinia of Nonh AmmcA 21 , 
257 .... 265. 

Borchelt, P. :md Voilh. 
ContinMing Educ .. tion 
Velm1f<lri.tn 7, 780-788. 

V. (1985) Punishment. 
fo r Iht PrActicing 

Cru.pm.ln. H.L (1991 ) Feline aggression; classification, 
diagnosis and tre.l tmmt. Vctm1l.<l", Clinia of North 
Ammu 21 ,115-328. 

Luescht r, U.A., McKeown, D.B. and H.ljip,]. ( 1991 ) 
Slereotypic or oolcssiyc-compulsive disordcn in 
dogs and cau. Vtltri1l.<l? Clinics of Nonh Ammc.. 
21, +01 ...... 15. 

Marder, A.R. (1991) Plychollopit drugs and behav
iour.alther.apy. Vttmnll'1 CIi"ia of North Ameriu 
21,329-142. 

O'Farrell, V. (1992) Manual of C anine Behayiour, 2nd 
edn. British Small Animal VC1erinary Assoc:ial ion, 
Cheltenham. 

O'Farrell, V. and Neville, P. (1994 ) Mll nM,, 1 of Ft/int 
BehllviOMr. Bri lish Small Animal Veterinary 
Associalion. Cheltenham. 

Turner. D.C. and Hateson. II.H. (1 988) Tht Dommic 
c..z. Cambridge UniYersily Press, C ambridgt. 

Voith. V. and Borchelt, P. (1985) Separation anxitty 
in dogs. Conlinuing £dMc"tion for the Prllctidng 
Vttm1l.<lrWn 7, 42- 52. 

Voith, V. and Borchelt, P. (1985) Fears and phobias in 
tompanion animals. Continuing Educ .. tion for tM 
Pr"dicing Vttm1l.<lri.tn 7, 209-218. 

Voith, V. and Borchelt, P. (1985) El iminuion behav
iour and related problems in dogs. Conlinuing 
£duc .. tjqn for tht Pr .. ctiring VtlmnllrWn 7, 517-S44. 

A."bf ko ad 0 



Index 
['.~ numbc1"t in bold rtfa' 10 rm;ordiKUJlion1 in the lUI. them in ,,,,lie rdcr to nSl'm Ind tabl.,. 

A 
AB blood ,,"oup$. 767, 8]] 
Abdomirul uamirution. 10 
Abdom;1lI1 ~,", 67, 146-50, 147,178, 

SO), sea 
Abdom;noc~tesil. /J9, ])9-4] , 14], ISO, 

381-2, 4S6 
Abducens ncrvc ddiciu.1J4 
Abortion, 586-7, )92- J, 9+4 
Aim"", 1)2, 977_8 
Acaricidllthm.py. 206 
Ac.-prom.,.;"". 298. 460, 712, ]0J.4 
AcnykboliM rt'C'l',or :" "ihod;e •• 57, 

223,)91 
N·Acttyky1le;nt, 121 , 788, 806 
N-Acetyl;luc""min;du •• (']9 
N:nylprormline. 49 
Achal., •• (cricoph.ryng .. l dy.ph. gU). S2, 

3RK,38<1 
Achlorhydria, U4. S]] 
Achondropl"'i., 728 
Acul mutibliQl\ .yndrolTk, 902 
Acromt-gll)', 23, 78. 3C8, 5lO-I, JJ I. 581, 

'" Actmomyn-. inloctWn. ] 52, 300, 366, 887, 
907,9049, 'H9, 977 

Act;v,ttd clolting 1;1lk (ACT). ]65 
Acti ... ttd p.n ialthromboplUI;n t;me 

(APTf),11,6. 183, 298, 782, 800, 
SO, 

Arole ph.a.w- prOltins, 29 
Acyc!o.·ir.860 
Addison .. n eri.;., ]07, 5-+6, 5-48 
Adc!>05;ne.3JJ 
Adcl"I01;M diph')Jplute, 160 
Ad.cnll conic.1 h.nno,,~c.linl.rclion. ,.., 
Adroml conical bormoncs. 544-5, 14J 
Adrtml ronic.al nropl.uil, SSO- 89-4 
Ad.m.a1Ilbnd dioo-n!ers, Sot5--i 1 
Ad ... ul I\Landl. 544-5 
Adrm.ll", hormone .mlnl. nce, 192 
Adrt .... 1 sn hormon ... 5-44 
Adrcml . ynd romc,897 
Adrmocon,ca1 ;n.u llicicncy. idiopothic, 

'" Adrmoconicotrophic hormone (ACTl-I), 
527, 544,5-45, 5-48, 5-49 

Adrcr>oXO<1icou'uphic honno .... (ACTH) 
~I;m\lblion lell, 79, 223, 390, Sot8, 
SS~,H' 

AdrC1lQCOnicOlroph;c hormon~ (Acni )
J.CCrcting pituitary adeno ..... 531 

Aduh t<:Ipira,ory dill ..... yndrome 
(shoc k lunl\l. 119, 120 

Adyrumit ilcul, H ] 

Atl .. rouronVI~ , .bl/l""" ~ " 359, J6I) 

1.""""'0"'" ,""""gt .. ,., 281 
Afip;" {tW, 980 
Alte~,21 1 -2 

hun failure, 214 
AVlactia, )89 
Aggression, 103-1, 1035, 1037-9 
Abnine .minolunofera .. (AL n. 1)0, 133, 

[39.259, 218,461, 463 , 464 , 480 
AldoJICTonc, 72, 5-44, SotS 

hun failurt, 275 
AldollcrOnil m, prim .. y, 3C8 
AlilTkn .... ry l)·mpho ........... 967-3 
AlilTknwy lract di .. :ooc, 171--440 

. bdom;nocent .. il. 38 1- 2 
dial\nollk imagin];. 376-7 
cnd~r,378-8I, )" 
t~plorllory coel;o lomy, l82, JB2 
histo ry · tlkin!). 371-1 
!aboralor}' ;n .. estigll;on •• l72-6 
ph,..ic-.I cum;rul;on.l72 

Alimentary IraCI obl1ru<:l;on, 3n,)" 
Alkaline photpha .... (ALP).. I.JO....I, l B, 

lJ-l, lJ9, 259, 278, 461 , 463, 464, 

'" Alkylal;nl\ agcnlS, 1006, lOll 
Allergic .kin di .. uc 

nt, 90)....6 
dog.88G-) 
ItCIUnem, 982_3, BBl, 905 

Allergy tntins- 819---30 
Alopn:;1, 186-93, 189, 202,203, ';0 

cndocrinopllhy. 186, ' " . 189, t9l. 893, 
II'J), II'H, R'B, 896, 9\ 2 

foc.ll91 
1I'0 ... ·th hormone-rrspomive. 529--30, 

SJO.894-S 
non·JelI.ring diJO.d .... 186, /81 
p"" -nd;a,;on, 1003, 100) 

prur;lu •• 188. 189, 190 
psychogenic (ncurogenic dcrm";I"), 

906-1,'1(}7 
..,I"';nl\ disorder$, 186. 18'./ 
.ymmnric:al, '90, 53S, 552, 903, 'I(}.t 

thtrapy, ln·3 
Alph. ad.cncr";c blocking drug., 309. 311 

.... nlb"I~IOf)' ECG (HolI" moni'oring). 
223.229. 2&0 

Amilud n. 'IN 
AmiloM_, )23 
Amino acid m..uoolilrn 

"t.487 
I>tpa,;c cnctplWopathy, 4SB. 4 J9, 460 

Aminoulic:yluc:s, 4}S 
Ami.ru,l06 
Ammoni. 

blood con«ntrltion, 132 
livtf mn.tbolism. In, 4S7 

in cau., 487 
gluI.m. ,. nnlrolnruminion. H7-S, 

'" mnabolism in t.q.atic m«pJulop. ,hr. 
4S7. 4S~ 41!.4 

AmmonillOl.ruw;:flnl (AT!). 131, 460, 
464-5, 472 

Ammonium urn. urolith" 6}9. 6)9, 64 L, 
643.64).645 

Amoxyc;11in, 488, 7B, 7. 7, 887.'11 
Amphotericin B, 63' 
Ampicillin, US, 184, 284, .. ] 5, 4114, H9. 

887,949, %3, 977 
AmnnoR(C,324 

Amyl ..... , 139 
plnCrclt;,i" S06, ~7-8 

Amyloidosis, 76 
kid ney. U •• 178, 6l2. 614 
1;"f" 482-) 

Anum,.., 107_17. 11 8, 220, 221, J08. 461 , 
177-8, 714-90. 805-1 

chronic ...... 1 IIilur •• &25, 62J, 777-8 
corN'C'!ion, 618 

cl;l.nifialion, 112- 1) , 111, 717, 718 
dinical mln;(cstllion, 107-8, m 
lu.mutolopcal inVD,ipt;olU, 109- 12, 

m 
..... mol)'lic.1I1, IIJ.1t 4 . 78~7, 7'14, ..... 

u .riruic, 114, '" 
h.cmorrh..sic, 113. I/J. 114. 373. 784_), 

SO, 
history-taking, 108.771 
labomor}' inv .. ligl lioru. 109 
non· r"1ltMutive. 114-1 '. 116, 205, 373, 

)3(" 777. 7811-90. 791. 792. 79-4, ,0<>-, 
p'lhoph)'Jiolog, 107-3 
phylicll c:um;rulion. 109 
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Al\,l(mi.> (ro"I. ) 
rq;~""r&tivt. IIJ. 1 U_1 4. Ul. 37l. 777. 

784-8.791,791.7~.80S-6 

rnil\.11 vucular Ibnormlli tiH, 8~! 
th<r.ipy, 116-17 

An~mi.l of chron~ diKIK. 116. m. 807, 

'" A~mia of innammatory di..,_, 113, 
771,718 

A""trobiMpmil,,",,914 
An~"h~.ia, l 4. 460 
A'Iaj;~n drlhuion, 188 
Anal u c absen', 61 
Anal...., di..,_. 4)9-40 
A""IoiIOI!l;l, 63, 421 
Angioc.ordio&nphy, 27 1 

rongnliuJ cardiac diK:I$, ) I I, 3 14. JU. 
3 IS-II.. 3 17. 311UI9 

dib.n.! nrdiom yop.llhy. 2')2- 3 
hypct1m phic cudiomyop.llhy. 29S 

Angiognphy, 106. 14 ..... S 
AngionnJroIkoNnna.l 43 
AngiottrO<lllyloti>. .JU-l. 139 
",,,,iom,,,,V!." .... 10"'"', 306, 3~'. JJ9 

lif~ cycle, 306-1. 359 
Anpomuin fOOYffling cozynw (ACE), 

n,~4S 

Angirnco,in ron .. mi", n>zym~ (ACE) 
inhibito .... 141. 288. J09, 323, 3H. 
629,634 

A.MlinI. SH 
Anglo.e ... in 11. 12, 27~, 544, s.45 
AniJOroria. 155-1,IJ6 
Anorchidism, 591 
Anorreul di,.,rd...,., 438-40 
Anorni..a, 1)-1&. 0. 21 , 52. 61. 7S, 1.7. 

2St., 284. 401, %1. S05, 6 1 ~. 711 
d .... :>nic ,.n.o.l f..ilu,c, 624. loU 
tomplicating CMmQI,hcnpy, 10lQ- I 

Antacid", so. 404 
An. ihio.ic .h".-.py, 424. 4U. 4S8, 619 

b.ln .... al rodourdi,i>. 284 
bM;:.mal infrelive (,uppurl, i"e) 

arthri. i., 741 
c~ncer Ifu,mml, 1006, 1024- 5 
cclluli,islab..,cua.977-8 
cholmgi.;'...:hol«ystitis, 484 
diabetic kno.acidoti>. SO-! 
disc:otpondylilU" 148 
uocrinc p.""«"ic ilU ... ffici.ocy, ~ IS 
g.&lIric dil.,ion .nd .. 01 ..... 1 .... 4 1~ 
j .... ndic •• IH 
I.ynwdi .. .au, 14'.1 
.".,eomy.liti., 733 
p.oouu.iJ,648 
pruril"" , 1W-lOO 
pyod.rma. US-6. 166 
IqKic pl .... ri.y.l66 
u.inuy trac. inlrclion, 185, 619.637-9. 

'" u .. ';ti", 838 
vomiung. SO 

AmibiotK·indU«d diurhou .. HI 
Anl~gubn. rodtnticide 10~ic;ly. 8'.1, 

l OB. 164.800-1,809 
Anlico.allulanll fo r blood urnpko. nJ 

Amioon"ulunl drugs. 14' 
An,idiur .. ic hormon~ (ADB; 

YlSOprn>in), 70, 71, 527, ~32. 612 
An,idiu ... ic horrn<>M (ADH: 

Y:uop~.;n) rnpoou<' 'Q', 79, 
BO- I,S}3,614,6 / j 

Anlicmniu, 4'.1--50. 41>4. 623. 62J--9, '.125 
Anlihiluminn. 4'.1. Ul, 8tl}, 905. 996 
Amihyf'C"nlJiva, 629, 634 
Anlim.'Ubolil~" 1006, 1024 
Aminudu. antibody (ANA~}6. 3'.11. 

727,'~l, 183,879 
AmiphoJpholipid ~mibodies, 81)4 
A nlipln~I~1 anlibodia,}6, 1 f>(" 78l - } 
Amipyrn icdrugs. J, 
Anlithrombin 11 11J.Uy. '82 
Anuthrombin II I ddici.n.cy. so. 
Anlithyroid drug-. S40 
A",,; .. y, lOll , 1034, 103')-4 1 

"'011'001/1''''''' P"I<trii. 407 
Aonicrtgllrgil~tion, 10) 
Aonic ' .... 00;., 102. 10), 105. 21'.1.220. 

259,214,277, 312_14 
anSiocardiognphy, 11 4, J I~ 
rehorudiQ&nphr. } 12_] 4. )JJ 
tlretrourdiography, 31 2 
~iolot;ic.o! C'lIaminllion. 3 ] 2,)1 J 

Aonir tMombonnboliom. 690-1 , 810 
Apl,ulir anumia.1SJ--9, 1101 
Appnitc, 13. 16 
APUDomu. 0103. 0108 
AqllCQUJ production ,00 drai""g~.1l9 
ArginiM ' '''1'';'=''"' in cal$, 481 
A.",nk.1s. 7'96 
ArIO.ial blood gliQ . 91. '.11 
AttcrUl hypou"mi .. 111-19 
Atterial lhrombohilboli.m, 291-1 
Aneriovonou. fiilu!" 144-5. 41S 
Anhnxcn.esi., 214 , 726, 726 
Anh,ogrypooi., 71)4 
A"hro·ophtlulmop . .uhy, na 
AnhroKopy,214 
Anhrotomy.Z]4 
A",.nding ... ;cuLa, >.C.ivaling 'y ••• m, 24'.1 
AKitel. 18, lOS, 1)0-42. I ~ Z. 148. 256. 

218,300. 4S6, 457, 461, 414, 475. 
456. S60 

abdominal nuid . n. ly.iJ, 1)')-41, O'J 
.bdominoctnlC'Su. 1)9.456 
difl<r('11tial di,&"O';" 01 
plthophyJioJotiul mrch.n;,mJ, ]}6, 

'" A"'P'ic mmin".i •• 691 
L· A.p.>ralPl\.1 .... SOoI, 1001. 1026 
A'p,.rul~ am;notransferlK (An), 130. 

134.139,21', 221.-463. 480 
Mpn-gillooi •• 16.96. 289.148. 684. 749. 

'SO 
bon. inlrelion. 734 
b. ain.618 
ioim inf~iOll, 149 
n;lUI, n. 11. 85, }47, }49-50, J49 

Aspiration pncumoni.J., 52. S4, 55, 89. 9~. 
119. 358-9.}88.390 

Mpirin. 37, 38, 44, 161 , 161. 293. 296. 2')8, 
lO6, 633, 634, 712, 744. 800, 837 

A"~ .. m.n' notes. 12 
Allemid hy.loti., 84' 
MIro()10m.u. 676, 683 
Aur.i..a, 232- 5, 236, %1 
AdU1to.\.il l .ubluulion, 239, 685 
A.npy. 194. 195. 1%. 1'.1'.1.200.873.874. ,.. 

,kin di .. ilK. 880-1. "' 
Alri.! fibrillalion, !l8. 129. 285, ISS 

m.n.grlm m. 332. 3B. J34 
Atri.1 n., riurnic pqltw., n. 215.216 
Alrial "'P"I dcf~<I. 274. Jll 
Alri.llundJlm • .,..rsh.~nl, 22 7, 118, 32'), 

BOo 69\1 
AI""",~n,,;cuLa. (A V) bloc:k. 12S. J29. JJO 
A,no.·.n,ricul .. (A V) node, ISS 
A.n.,v('11tricular c ... ..!, (<>mm()" 

J'I'<1'Si"ent. 317- 18 
Atn.,,·tnlricuLar ulv~ nuifornulions, ] 02, 

10}, Io.!. 310 
Atrophic follicul.r di ... ..,. 186. 181, III, 

'" Alrophic gUtri,;'. 406 
AlropiM, 4'.1. ISO, 32'.1. 838 
AU"pi"" rC'IP<NU(' '.,.1., 230 
Atypic.1 mycob:;Jetm.u in(mioul, 856, 

"'.908,950."8-9 
Auj .. ky'. d~ {psnwlOrahiH}. 67S, 

~7. 976 
Au,....lulion 

<.nli"", '.1'.1. 99, H7.]J1 
<hell, 8, 9. 90. 9~ H6-7. J61 

AUloimmu".luomoly.i< • .....,mi .. 1l3. 
IS1. 78S-7,1'6. 80S 

A:ronop •• hy. p'og~,;v~. 1>86 
Authioprin., 416, 428, H 5, SG4. 634, 751, 

1~. 7." m, 837, 900 

• 
B lymphor)'te>. lSI , 168 
B.ooiooi .. 109.1117-8 
B..riJbu pili/ormis, 42 l, ')44, 979 
Ibctm..J ~ndoc.uditiJ,)O, 6!, 103. 106, 

119, 2S2~.1J8. 147 
Ihn ...... J emer;. i", 420-1 
BICI.";"'I inlm; ... {.uppural;v<j ,,,hri.is, 

146-7, 14'.156-7 
DlCl t,.;.,,1 ~kin di..,.~. 88)-7. 907-8 
BlCleri..a.I (suppursuvcj myocudil;,. !8'.1. 

'" s..curoiJ ... H S. 907, '.In 
Baermann f1oulion lrehniq ..... 97 
Ballotrmnl lor nuid thrill d. tn:lion, 131 
D.rbi, ... ra,es, 118. 246. 4S2. 4SB. 460. 678 

her ~lUymttf(<<IS. 130. III 
Barium imprrgnllN poly.pheru (DI PS), 

In-&,JlI.424 
B .. no,,,/I.. hUKW, 980 
Bual ."llumours, 891 
Dual tnC1'lY '"'Iui~mm. (BE ll. ), 18 
Duophili .. 180 
BlOOphib. 761 
Bduviour c/unl:eo:. 249-~ 1 

Beluviourproblnnl. IO~1 
di~i., 11l.1)...4 
,,~.,m~nt, 10}4-{) 

Avtll 0 LaS~ C'lO gradivo 
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Bm.viou...J tlKnpy. IOlS-6 
Bmc~ Jones prot";nuri ... 76, 61'. 1'J6 
Bmign idiopnhic pmwd,al d'{u$ion, m 
Beni", pro ... llic hyf'<fl'w;", 599,199. ,,'-, 
IknliromKl~,plr~·""in~nwic Kid 

(DT-PABA) ' CSt, 64 , SIS. HJ 
Ikruimiduolc • ...,7. HI 
Iknl~l\(', 119 
IkrwxliUt'pinn, 4S8, 4/00, 1034 
Iku ad,morP: Igon'JI!., 124.12i, jJ.O 
lkt. adro:m'1lic block;n, d",p 

"",nic ~tnlOJis. J 14 
~,rial fib"ll>,;on, 288 
I>eJn failure" 117 
hyponcn.ion, }()9,6.29 
hy~nrophic canliOm)opllh)' , 289, 196 
.wpr:avcmriculu uchyurhythmiu. Hl 
vcnuicut.r mhrthmi.u,})5 

1kt1un~hol, 391, 437 
8 ictpJ tmdon lun,;o", lOll 
Bicipiullcnosynovitt.,108 
Bae, 58. 431-2, 4$1 
Oik du" "urinom ... 485 
8i1e duct C)",U. 483 
Bile ~fI" •. S05 
Bile ",It (bile .a.cid) mcuholism, 451, 4j] 
Bile uh (bile acid) p]uma l"els, 13 1-2, 

139, 46}-4,47),480 
Bi];"'1' .pithcli .. m hypo:rpluu, 4iS 
Bihary "XI diKISC', 448, .U .... 

hiflory-uk,n" 461 
lobo .... 'o'}' invali,.uio .... 461 .... 
physical examinl. ion, 461- 2 

Biliary <rae'! "'pIU~. 485-6 
Biliary U'ff nu<omy, ~u 
Bilirubin, 126 

ronj"satiQn, U (" 4s-4 
"",.",ion, 12(" 127, 454, 4$4, 4 ~S 
mtubolifrn, 4~5, 414, 487 
pbsma uuy, 128, 455 

Bilirubinu.'''' U3-9, U), 1).1, 454 
Bihttdin.126 
Bumuth preparatioru, SO. 40'9. 419 
Bitt abtctsKS, cat, 907 
Blxk ""If follicle d)"plui ... h.,....di,M')', 

'02 
8~ff, 168, 169,61 1- 1).651.6JI 
BlMidff nroplurm. 183. 644, 6-1 5, IODS 
B~ffwatho,6H 

Bl:l.jtornycmi .. loll. 73~.138, 749. 888, 911 
Bkcdin,dioord=. 1~7, 16J, 171 

cu, 1""-1 0 
dog. 800 4 
"",mat uri ... II) 
ki$lory ,uking, 162, nl 
in"'ritrd, 108, 102-4. 810 
ubomory in~~ti8Jtiom. 164-7 

»mple ca!l<nion. 16-1 
K'lICninS t<>l$, 164-7, 16J 

li .... di>aK, Ul,4~1.801 
phy.ial.,..mi .... t;o ... 164. m 

Blreding tim., 1M, 165,774 
buccll muroul. 774, 774 
.ut,ck,n ...... S 

Sltp""riti .. 817, 827 

Blink diw.d ..... 857- 8 
Blood group .. 81 1 

cat, 767 
dog. 766-7,167 

Blood prn.Jurt, lll , Jll7, J07 
Blood umpling, 772-) 
Blood trarufu.ion. 766, 767. 810-12 
Blood urt> nitrogrn. 616, 6 /6 
Body "'''8111 ron",,,ion to fUrfKt ue ... 

'02' 
Bon • • 719-21 

gro ... ,h.721 . 721 
r""addling. 720 

lion. biopty. 21 5, 726-7 
Bone 'y,t .. 7)9 
Bon.; dUe.uc. 719-40 

cau., 1l9-40 
cL.s.ific.otion. 72'. 728 
dog •• 717_39 
hiJlory -tHing. 72H 
iny«.ign i,'c tcchniqu($., 72~7 
ph)"ical euminotion, 724-5 

BoM mlrro",a'pi""ion., H. 1S9. 166, 
77H.774 

BoM murow biOJH)·. 77)-t. 774 
80M marro ... disordns. 7~1l 

cnmpliC<lling cYlolo o:i, chcmothcrlpy. 
1019-20 

Bon. muro ... uaminJtion (smeus). 7SO 
Bone mHTO ... h.oerru.opoiCfi •• 76S. 7(;6 

ff)' lhropoiesi,,7M 

vanulocyto, '" 
lymphocyto, 768 
manneyl($., 761 
pl ... I ..... 768 

Bone: marrow h)'l>opluivaplui ... 788-9. 
,0> 

Bone marro ... nroplu~ J'K)..e., 11)1-9 
Bon. pain. 207. 21 .... 16. 21 J 
Bon~ Kintigraphy. 725 
Bon.; tumou." 613. 'U-S, 7J4. 740. NO 
&>rdrrrlLt "ro"fhi"pr~". )S4. 942. 94). 

96 1 .~,96J. 964 . '" 
Ind,...oororIChili .. 9), )54.)5S 

811ml", b...,dor{rri. 2 1 ~ . 289. 727. 7. 8. ... 
Botulum, 55. 688. 9SO. 979 
Bo ... tl oom\lction., 146 
BoK ... cardiomyopathy. 286-1 
Brxhi.1 pIau •• vul,;on., 690 
Brxhial pltsu, ..... ril ... 68<1 
Brxhial pluu. lumour. lOt 
Brxhythtr:lpy.999-looo 
B....dyc. rdi ... J18. ) 21-) 0 
B",in dis.cun, 614-11 

.norn.tlou .. 674- 5 
d"e ....... ivc.674 
idiopu hic. 680 
inO."'m.ltory, 677-80 

infecti ...... 618-9 
non-inf"'liooJ .. 67'9-80 

mcubolic, 675--6 
nu<rilion.a~ 677 
tos~. 681 
YUC\Ilu, 681 

B",in Inio .... 664--5. 664 
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8 uin t ... unu.. 6.fO 
8 rlln tumou". 24~ . 245. 676-1, 677 
Brlinm .... ICfion .. l50' 664- 5. 66' 
8romctll. 1in IOKicil),. 68 I 
Bromoc:riptin.;. 581 
8 rorIChiai rolupst, 91 . )S), ) Ss-4 
Bronchial dialV""'l~ procrdur«, H1-S 
8 rorlChi,1 diK .... t hronic. )56-1. J17, l SI 
8 rorlChiallOUnd .. 9 
Bronchill-usocialcd lymphoid li",u. 

(BALn,768 
Bronchi",wi •• 95, )S7 
Bronchil", t hronic, 94. 95. 96. 97. 120. , ... , 
B.onchoalvrolu u~agc (BAL). 91, 97.)S4 
B.oncho·onoplugf .1 fi' lul ... S4,:w., 119. 

m 
Bronchopneumonia, 9. 95. 96. 97, 119. 

lSI. 7)8 
Bn)nCho~py, 9 1 .9~ 121.)S~ 
B....mL. f .... i,. 5B-4. S86. S97. 68-4. <)44. <)4 7 
Brucelloois., l6., 48(1, <)47 
Bru.h bord(1" l:Mym«., 5 10-11 . H / 
Bulbourethrll gland .. 5<)4. 602 
8 ullous pemphigoid, 1198. "8 
Buphth.olmof, 82). '14 
Busulplun, 1(1 14, 1024 

C 
Cac .... i ... 18,21 
CaIc .. ~1 (takilk) co.M.1 dtgt'ntralion. 

'" C.ki ..... iJ cutis., 189. 552. 5S4 
Calcitonin., 120, 720. 721 
Cakium block.,.... 

I1tiol fibrilution.1I8 
chronic mu.l f;tilu~. 6J<I 
he.rt f1iJurc, )2] 
hypmcnJion. 109 
hYlKrtrOphic cardiomyopuhy. 196 
.upraycntricuw lachy . .. llythmi ... 1B 

Ctkium IIornroswi" S4\-2. no. 710 
chronic r(1t11 r, ilurc. 7JI 

Cakium oul". u.olit"'. 639. 6J9, 6-1 1. 
64).6-15 

Caloric letling, 2)5 
c,,"'nw/n.(f" IP~ 62, H 9. )74. 41 ), 4)4, 

m 
tnttrit; ... H 0-1. 940. 941 . 974 

Cancer cachesi ... 18 
Cane:", ,urg''''', 991_9 

co"'pmmrnul fmfion. 998_9. 998 
!.xal n t i.ion, '197. 997 
wid. local n cu ion. '197-11. 'J98 

CarICer IIwnpy, " 5-1026 
biop,y, 989. 989 
TNM lucing, 989-92,990, '19/ 
tumour-.. l"rd complication .. 992-6 

endocrine, 994. 994 
..... malol~ 993. 99J 
mtubolic. 99 1 6 

Candidiuis., 888, 980 
Canin. ad~"",,;ru ... )S4, )~S, 678, 9Jll, 

942. 944 
.. ednatio ... 9)2, 94) 

immunolCJtic..t1 ... acrio .... ~)7 
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Can;ne di,tcmPfr vif\l'. 42. ~.2H. H5. 
).48. j7}. 671. 7J5. 789. 917. 
'2i-JO.91'. ~.,977 

neurologic..! diK~iC. 2,39. 671. 92S-9 
trt~tmmt. 929 
vaccin~1 O1'ICrplulit;" '.Ill>, 917 
VJCC;nat;on, 92'i-jO 

Canin. he, puY;f\I" 480. ~S4. 944. 94S. ... 
Cu.ine p.piUO<n.lv;ru .. 941 .... 947 
Canin. paninfillenu viru" )54. ,355. 678. 

942.94) 
Canin. p.rvoYiru •• 42. 43. 45. 63, 149. 3] I. 

37l, 41 '. 4ll. 678. 7'9. nl ..... '1H 
(nte"II; .. 410. 922. 92~. '2). 112'. 9)8. 

939.940.941 
mYOOlrd;ti .. 127. 289. '.In, 924. 924. 

925.931 
t«"atmem.92S 
,'"Mltion. 92s-6 

Can;"" ¥iral p.pilloma. 191 
Capillary hydromtic prellll«. 142 
Capnocytopl\ag.a inf..:tion, 979 
Captopril. 211. 293. 296. 325. 629. 6)4 

~oWnin(. 581 
Carbimuole.~. 541 
Carbohydr.ne mahb60rptioo tem. j74 
Carbohydnto m .. uboli.m, SI. 4SO. 4' I. 

'" Cardi3c uchuio. 18. 105.171 
Cardiac CIIMtnUlion. 171. 3 I I. 3 14, 

JU, )15.)16, 317. 311 
Cardiac clwn"", .. 261. 267. 161. 168 

flIlargt'ment. 261, 269. 271, 276, 281. 
m 

Cardi3c conduct;ng . yittm. 2SS 
Ca.di..c diK_. "'1"ired. 21"""'" 
Cardiac diK...,. ron~.niul. lOt. 10', 227. 

J09. 1O't-ll ,lI0 
romrol meull ..... 30'/-10 
cy.&nOi;" 11 9. 120. 12 1 
riKh"o Id'uhllm;n" 119. 120. 124. 261. 

l lo, } II , }l0. 778 
Cardiac dyuhychmias. 220. 222. 2~31 . 

11'.274, S60 
aortic 'Imolls. 3 12 
dila ted eudiomyop>lh", 21S, 288 
cchoardi"llraph", 229-l0 
dCClrourdioj;raphy. 121-9. 26J-6 
c:rtncudiac disc_. 230 
hypMrruion, }(IS 
~gement. 2.10-1. J18. J2S-16 
mtthmi,m.,11' 
thof'>cic radiography. 229 

Cardiac u.tmin.ltion. S-9 
Cardiac dycosid .... 39, 287, J!4-S 
Cardiac in ... rv>lion, 2S!>-6 
Cardiac m"rn,",.. "-10&, 120, 220, 221, 

25S-9.lI0 
an"m;a. 107-8.712 
. oni( s,enos;" 312 
. IISC\1h.,ion, 99. 99 
bacwial.ndocard;ti .. 28l 
('IU(:£, 100-1 
cl.wificat ion.102, 10)-4 
cndoo.rdiosis. 279 

J».ttnl ductlls mcriosus. 3 I 0 
p~thophy."'Iogy. 102-3 
phylic..! .xamination.l, lOS 
f'\Jlmonary stonosis. ) IS 
tttnlogy of FoIloc. l iS 
.~nu;cu.I .. !Cpul d.,{cc:<. ) 16 

Cardilot ncopl.ums. 299-300 
Card ilot Ii:.... 261- 2 
Cardi,K tampeniidf, l36, 27~ . 1 71. 301 
Card",,~nic .hock. 101. 108. 119.300 
Cardiom),opathy of thyroto~iMti .. 298 
Cardiotoxic df\lg$. m, 299 
Cardio.ucu. ... r syncm. 255-336 

c.udiac cathettnzationl 
angionrdiography.211 

ccbocudi"llraphy. 270-1.110 
tlcctrocardiO!;raphy. 2~9-61 
history-uking, 2s(' 
inv""igat"' .... 2S'i-71 
phy.iaI txamin.nion, 256-1 
udiolcTc..t ~min.,ion.161-2 

cardiac clwnbtr enLa'len,ent, 262, 
267.267.261, 269 

cardiac lilt. 261- 2 
calld~1 yma cava. 267 
,rt'at ytutJ .. 267 
f'\JlmonMf p.>n.r .... 261 
f'\JlmonMf VIlcu.latUR. 267 

c..m'tinc: r~uiR .... nt in .on .. 487 
Cup..! joint dilOrden, 208. 110. 725 
Catprofen, 74 .... S 
Canralion, n. 192. 646,647.641, 10).4, 

"" Cumnion-raponsiv. d.rm.tosc:s, ~s-6 
c.., acTatch di,UiC. 910 
Cmplny.680 
c..Urac1, 844-6, ' 44.14', ",. S6J 
Catcchol.",i ..... 20. 4SI. ' 6O 
Cauda rquin.llyndrome, t,86 
ufuro.im •• 41 5 
Cdllllicis. 907, '71-1 
Central b)indnas. 85S. 865 
unlral co.., myopathy. TOl 
untral cY.&nOii .. 11i-19 
unt". 1 ilia""",. 'Mipidus. 74. 73, 78. S12. 

"H 
Laboratory invftti,. ,ion .. 80-1, 533, 

HJ,'lJ 
untralvenoul prt:lSurt' (CVP). 137 .... ... 
Central yi,u..! p.>th .... "ldion"'" 
Ct::mr.&l visu..! p.th .... ys. 8H 
Ctphooin. 193, 284 
CtplWoJpor,n" US. 7l3, 747. 71~, 977 
u rebtll ... amyotrophia, 6" 
u..,btIL .. ataxia. 1l2_l, 1Jl 
uubtll ... congtnit..! m.&lformatioru. 674 
un:btILa. hypepl.ui •• 61+-S 
u rcbtlLa. 'esiom. 66~ 
uubral infarction. JOS, 68 1 
ur.b • ..! thrombos;" 68 1 
Cerebrospinal fluid (CSF) analy,i" 23~, 

140, 146. lS I, 668-70, 670, 678 
Cerebrospinal flllid (CSF) co!1C<'lion. 

668-9."9 
urvical.pinol pai", 139 

umcoYlgin.1 mll('U1 .rboriution. S75 
Cestoda (ul'""onn) infcction. ~21 
Charcot'. ;o;nli (nCIJropathic mhricit). 

'" Chediak-Higllhi .yndrome. 809 
Chemod'"oma.19O.l00,102 
Chemorecep,or triggcrlone (crt). 39. 

" Chqkr~lI" (cheyletiel losis). 194, 19S, 
198. 203. 876. I'fG..I, ' 12 

Cht..m)'Jw pJill"';. % 1 
conjur'ICt;,.;tis,86O 
fdine infC<'fion. %1. 96.2, %3, 964, , ..... 

Chlor~mbucil. 795. 901.1014. 10lJ 
Chlo<lmpbcnicol. U5, 484. 487. US, 648, 

". 
Chlorinated hrJroc.arbon~ lo.icity,1H, 

'" Chlorpromazine, ~9, ~o... 452, 6lJ. 7as 
Chlonhiuirlc, SlJ, 796 
Chobnpohtpatitis. 130, 48S-9. 488 
CbolangiosM.:oma. 6119 
Chobnpli .. 486, 417, 411-' 
Cbobngili .... holcc:yllilis. 48~ 
Cbolecy),okinin (CCK). I l. 400. 401. 452, 

SOI.561 
Choltmlis. 452-5 

cbolan,i til-(holcc )'Slit is. 484 
chronic cholangioh'l'lIit i .. 488 
diabctn mtllitlls. 411 
double g..!lbladdrr, 413 
utrahepatic, 4H. 4H 
,~Ibto..." 484 
;ntrahepatie. 4Sl. IH 
I;v~r tnzym~ ""'s. 130--1 

ChoIdtynmi"",, 431 
C holinestt1'U<' inhibitor inKCIicid ... S05 
ChondrodYlplui. plln"~t'" 728 
Chondroma. 133 
ChondrOt.lrtoma. 6Sl. 124 
Chord" ,endin. e fIIptll ... I74, 279, 211 
Chorioretinitis. SS 1- 2 
Choroid ple~ultumou ... 611. 671 
Choroid..! hypopluia. 848 
Chylothorax, J.67 
Chylou. d (ulions. 140. )(,5. 367 
Cili .ry u.ndirioru, U6-7 
Ci1i~ry dy,kinesia. l57 
Cimetidi .... SO. 121, 394, 405, 411 . 623, 

6l'O. '" 
Cirrhosi,,76. 130, Zo... ' S(., 4611, 46S-70. 

. 78_1 
Cisar ride. )91, 194. 40.., 409. 412. 431, 

HS,H7 
Cup!lIin, 7lS, 1007.1017, 10l5-4i 
Cbuie.1 conditionin~ 1029-l0.10}l 
Cuyul",ic acid, 488, 1}3, 141 
Cld't p.lm. 8l .llS-6 
Clind.m)'c;n, 422. 648, 688. 705, 952, 

m 
Clil~r..! hyfH'nrophy. 58S.'" 
C1omirh~ne C;lnte. 596 
CIoJJriJi~m "'1~1i"~m. 6811 
CkmriJi~m diffi.;l,. 411 
Clomidu"" rnloro<o";,,, 403, 42 1 
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Ct. .. mJ ... m prrfTllfgr,u, 62, 63,69, 374, 
m 

Ck>urid".m IPp~ <425, U4 
CltntnJ"""ItI""" 688, 'ISO 
Ckx 'IOIn<;1ion, 166. 781 
Clotrim..uolr, )SO 
Clon ;ng (ro.o.gu.ut;un) unys. 781-2 

blood hmpJn., 711 
Clon ing foetor "'Uri, 1l2. 1].4, 167. 7tl 
Clotting 1=0 ..... "60. SOO, 801 

roagull,ion UK~(. 161, 161 _2, 7' .... 70, 
no 

CcugulAtion ~l.SCadr. 161. 161- 2. %1. 
76,..70, no 

CC»I bruJlllngl. 197-8, 204, 176 
coo..lonun K ..... m 1"<1, 64. In, J14, us, 

SIl 
Oxridioi<lomycruit., 219. HI _I. f>7lI. 734. 

7. 9,911 

Cognitive proc:n.ses. 1019-33 
Cokhiciroc. U4 
Cold agglutinin dj..,aK, 119,900. 914 
Colitis, 67. 4J). 4H-5 

idiopuhic. 42'1. H " 
CoU. ,rnolylic ,,"nulonu, 906 
CoI~. 211-24, 1/~. 696 

definition.., 218 
CoIlit f)'c ....,.",.]r. 841, '41 
Colobonu, 848, 8S4. IS8 
Colonic di..,&K, 411-8 
Colonic microscopic .nltomy. 433, dJ 
Colonic moIi];r),. 412-3 
CoIonk nropl:ui>., 67, 4JI. 4J1 
Colonic polyps, H8 
Colonic .... 'H .bsorption, 4)2 

CoIOllOKoPY. 69, 381 
Colony forming uni .. (CFU). 76S 
CoIO\Ir dd .. uion .1opttU, 1119. 902 
Com.o, 149,nO 
CAwntdo~ 119,203 
Common bile ducl ,nfKUOtIl, 413--4 
Comp>.r1mmt~1 uciuon, 998-9, 998 
Compl= IKm block, )29. ))0 

~pu'~Io~phy 
bo ... p"n, l l~ 

brain lesion .. 671 
ronKiowntsS level .11(r~uon, 2~ I 
~~dix ..... ,82) 
~~ ~nd n«k disottk"', )7 
toinl ~n. 21 ! 
mict"rition abnomuliti """rinU)' 

'''''on''n~""e, 17~ 
nnal dwnbtr di.nlt. n . 1-47 
t.ciz"Tn.l~ l 
opirW Ieoio ..... 241 

Conctp,;on failure. S86. 592 
Cons.,lfion. IIJ-~ 
COni"""'i .... l d...,ut. IU~I . Ut-60 
Conj"nc"";I;'. UG-l, 8)1. 8S9 
ConKiOUSMU lr.·f] a!t(T;llion, 14'-Sl. 

no 
ConlUparion, 1>7, 147, ~33, 4)6, 436-7, 

0 ], 4)8 
Conmicti .. e periurdi,;.IU Pniardial 

fibrolis 
Conloa illtrg)" 200. 111- 2 

Conlagioul ani ... rtlpi .. ,ory d,y"" 
(ken ... l tough), 941 ..... . 942 

Conlncrurcl, 709 
(onseni l~l, 104 

V .mtn,l' radi(lJlraphy. 1 U 
abdominal pain. 1 U 
alimenury Iran diKut,)71> 
ddcalory Icnesm" .. 69 
diUl"hoca. 64 
f ....... of "nkno ... n o rigin, 11 
inlnlinal obUf1Klion, H4 
coop!u.geal disorders, 56 
TtgUrgiu,ion, -46, 51> 
"rinary mn ditorden, 174, IB), f>l ~ 
yomi,ing, -46 

Coombs' 'n, IU Oi.«. a",iglobulin Inl 
Coonhound puily. i .. !>119 
Copper JlO1"aiIe t..-pa'op.thy. n. 475-7 
Coproplugia, 1040 
Cor pulmonak 121, ln, lO3--4 
Cor ,nun"m dnt ... , HI 
Cor ... al tlC1"1"T1oid .. ill - J, 8Jl, S60 
COr .... 1 dilo"ku. Ill ..... 860-1 
COr .... 1 dynmphy, 114-5, In, 860 
COrne.1 i""I".ion cy.u. IH 
Corneal lipid d<pOSilions,I15 
Corneal ncopluia, 8J6 
Corneal nigrumln«rosi. (romu.l 

Kq".,,,,,,m), 860-1, 861 
COtm~1 otdeml, 8}4, B.H 
COrnal op>cily, tOngenil>l, 8J I 
CO, .... I KqUQI",m (comeal 

nigrumfn«ro.iJ), 860-1, 86/ 
Cornc:al'rautn.l, U4 
CorMa! "kn.tion,8JJ, 1l3--4 
Cormal vUClIuril.llion, 8)1 
Coronuy rnerve, 111 
Conirotmphin releuing hormone, 5-44 
Coniwl,5-44 
Co.,...,b.(t!'"ril<m 'p., 282, 907 
CoifS, II 
Co .. "," chronic, 9), .l ..... 94, 137, 1S6, 

277.}O,l6O 
Cough ...,n~z, '13--4 
Coxuu. b .. ntrfii. 911 1 
Co~of.",,,,:J joint plin, 211, 1// 
Crackles (nlnl, 9, 346, )41 
Cnmp in Norwi.h I~rri.n. 704 
Cranial d .... ("t ligo, 125 
Cranial nerve defici ... 2}ot, )'7 
Crmial ""Ne ,1$", UJ 
Cr.nionuntlibulu onropathy, 7.16-7, 1)f, 

Cr.ati", kinuc, 217, 221, 1>97, 699 
C...,.tini"" d .... ""e, 61~, 616-17 
Crnlini ..... rum I ... d .. 611>, 616 
Cnmplury"iul dy. ph>.g'" (>.IuI"i.), 52, 

388, '" 
Cricoplwyng • ..t ItnnU...,. con",nil..t. H 
CrofJ·inlection control, 'Ill 
CNning doorden, 201-6, 104,10J, 106 
Cryp,ococcosis.. 84. %. 244. 28'1. 348, 671, 

7~9,8BI.911.980 
bone infection, 7)4 
rhinitil, }4'1, )49 

Cryptorchidilm, 597,603, 874 
Crypll)lpOri.Ji.. 63, ~21, U2, 'HO, 980 
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CrymlliM Jlroma! dynroph)', Il5, ')J 
CrylUliuria. 181-2, 1'2, 1>11 
CUJhin.'1 diKut, 131, 707 

IN.IMJ HypentlrC"nOCo01iciJm 
CUI:UW:OU' ullwn" (Ehlerl-O.nloJ 

.yntlromc), 'lO2, 915 
CUWICOIIllymphorn.a,892 
CU'UIC"OIII,,,bemtloliJ, 907 
Cutick bleeding ,iM<:, 11>~ 
Cy.lnOlil, 90, 11 1-22, 12), 220. 2St. 

nnlra!, 118-19 
WIllleniul cardi ... dd«u, 310. } 15. 316, 

". 
peripheral, 119 

Cyclic huml10p0il$is (1It1l1roptnia). 790 
Cyclophotplwnide. 108. 172, 1".586, 

634,732,7S4,787,794,?93,~ 

901. 1008. 1016. 102l 
humorrlup.: qniris.. 1021 

Cycloplcgic:s.1l7 .... 
Cy<loJporin, 421, 6}4, 829 
Cylind .. nl (IInn.'1 cu,,), 11~1, 111, 

m 
Cyproheptadine, 2'.18, 712 
Cyltic endometrial hyperpLuia, 582- 3. 

JI). ~91-2 
Cyn;"" urolillIJ, 639, 6.J9, 6-41 , 6-43, 6-45 
Cptilis, 71>. lil 
CYlwg ... phy,6-41 
Cyu"iJtllpor. diarrhoea, 421 , 422 
Cyllomr'ry, 115 
Cy"MCofIY, 184.1>15-16 
Cyr""", arabiflO'l,de, 194, 100$, 1024 
Cytotoric chnnoth(T;lpy, 39, 9116, 

o 

100000U 
adjuvant trtllm,m, 1016-11 
ccllilill hypotheoiJ, 1007-& 
tlUKI 01 d"'gI, 1006 
combination 'henpy. 1008 
<ompliatioru, 779, 798, 1018- 21 
~g~ 1001, 1008-9 
d"'g rai,u""e, lOIS 
Iuemalological malignancy 

m:uugcmrnt, 1009-16 
mode of Inion, 1005-7. l 00J 
.. fely pr«autioru, 102 1-' 
!reatmfnt prmoeols. 1008-9, 100' 

OK'1oc,."i,i .. 82'1 
Oancing Oobc:rrn.ann .yndrom., 690 
Oantrokne, 701 
OAP formal for progm.s no'es. 12 
O.ui>aw (~Ii .... inform"ion 

o;oll«tion), 4-5, 7, 8-10 
OEA hlood &,"0111'", 7b1.-7. ]61, BII 
lXafnus, rongcniul, 630 
Dttp tonulic plio, 141> 
Orfcation. 66 

irupproprim. 1039-+0 
Orf«atory lenamu •. """. 67, 69, 372, 

Ul.4H, HS 
Dcgt-n(T;llive brlin di ...... 1>74 
Dqrn ..... ti .. e joinl di.uv.141 ..... 75~ 
Or:sfn(T;ltiv~ mUKI~ disord ..... , 636 
Dq(n(T;l,i"e pl'riph ... ..t nnJrop.thy, 636 
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tXgtlKrati~t lpiruJ cord d'$C'Ut,l}'t, 
681- 3. 68S.686 

IXhrdration. 42, oH 

IXI.yf'l puiltny. sn, 519, S89 
IXmodic(>fi" 15l, 189. I~, 198,103, 813, 

816, 189, 819-'t0.19(l. 'tIl. ' 12 
Dtnul dilt.lst. n. 84, 38J.-.4 
Dq>i,,,,",ling nu~l demulili" chronic 

(Colli .. nostl. 8'tS 
~reu~,24,,2SO 
Drrm..np ••• ,_IIu...<,. 'tIl 
IRmulomyOfitil. (.Imili.l. 701. 900 
IXrmm'phiIOli •• 202. 881 
IXrm~lophylOfil.IU. l'tl. I'tJ, 1'}5, l'ta, 

lOl.101,lOS.871.881-8,909-11 
Ilnmi •• 813 
lksf"';oumilK m~rl.ato, 41S 
lksmoprttlin (DDAVP), 533, 79'J 
lXuusor inlubility. 175 
IRvtlopmtnul psy<holO&)', 1031-1 
lXumnlwoM ,uPI'IUJ~ I~t 

high d....,. 557 
10'" dou, N. 556."6 

Di.bn •• in. ipidu., 74. Sll ..... 
IN.J.., vntn'! di.bn", in.ipidul; 

Nephrogmic di.bn", insipidul 
D~bttel mdlilu" n, 18. 172.121, 3eB, 

561-1,708 
wilh ;\Cro~ly. S11 
complic:.llions, j64, 687,1J6.4 
din. .. ), .h ...... py, S64 
insubilily, 566-7. j67 
inlulin t ....... py, S64- S 
insulin ,esisl""''', 561, '67 
knooridoti ... 45. 562 ..... , j6J 
li.~ thangft. 48 1- 2 
moniloring th..npy, S6S-6 
obeo;,y u.oci.uion, 24 
p,rocrt.llilil·;Usoci.l1n1. 50g, 5 I ~ 
poIyuri.tpolydip.oi ... 75. 76 
primuyl u.:ond.ry <IU''', sc, I, J61 

r«ordl, SM, "6 
. kin dioord ...... 201. 1M 
tran.i .. nt IUle.J plu..,. 58 1 

Di.lbnic nnorop.l1hy, 681 
Oi.abnic rninop .. hy,"" 
DUgnoslic: pl.n, II 
Oi..&phngm ... ic: pI .... ly.i ... 'tl 
[)j"fTh~ ... 17, O. 4S. ~S, 67. 1J7. 141, 

147. 149,172. 417-lO, 42 7, 411, 
4J4.46I,SOS 

>cut .. , 59, 61 
.unibiolic-inducnl. 421 
bKtm.J .. nt .. riti .. 420-1 
auJet:.4/8 
chronic:.S't. 418. 411. 42 4. 425, 426 
dlronic htr di~Ut, 4Sf. 
complic:.lling d, .. mo<tw:npy, 102G-1 
di .. wy.41'1-l0 
hKmor, lugic:. 421_3, 4]) 

l,bor~IOry in.-"'Iill .. io"... 62- 5. l7J. 174 
I,'l" bo ... d di ... ...,. J9, 61), 61, 418 
p' ..... ilic inf«1iOlll, 421 - 2 
p~thop"y.iology. ~8-9, 41 7_18 
mull bo ... ,1 di~ut, ,g, 61). 61, 418 
,odden onstt. 418, 418 

t.nlment, 41 8-1't. 41~ 
yinl mlml i .. 420 

Di.u;cp.am. t6.14, 116, 17S, 148, HS. 690. 
10J4,1040 

Di ..... ry di.arrboc ... 41 '1-20 
Din~ry hY('<TKmi.iyi,y. 41 9. 423-9, 

0,... 
IU.aIso food ~II<'1'1\Y 

Din~ry trial, Sl, 65 
Dinhyl>lilboellrol.646 
Diffu.., bilOlonl ctrebnl diK. st. l49 
Digfili~, proces"s, S8 
Digoxin, 126, 296. }J I. H2, )3}, JH. 7% 

diLmd c.ardiomyopOlhy, 287- 8, l'n 
lIe,n railu . ... llS 
toxicily, 187. l1S. 129 

Oibtnl cardiomyopuhy, 102, IDS, 106, 
111, 136, 219. 227. 2n. 274.275. 
m 

~n~rdi~phy,292-} 
auuI6brillll;(lf1,285,288 
nl.291-1 
dog, 214-1, 286-7 
«hoc, rdiognphy, lU-6.1'6. 291 
d'"<'ltocardiogn.phy, 2i5, 2'tI_l 
radiological6ndingJ. 2U, ]Il. ]86. 292. 

m 
trfalmfnl. Il l , 287-$, Z91 

Dilti.oulll, 288, 2%, 327, 111, 629 
Dim"hyl.ulphoxidc. (,)4, 145 
Diphall .... 601 
Dipllenhyd .... miM,49 
DipMno""la", 419. 428. H5 
DipyfiJ;',., Wli".m, 421 
DipyroM,}S. 78~ 
Di • ..:, ami~obulin ICSt (Coombs' tCSI ). 

l6, Ill, 182, 7V. 187, 80S 
DirofiJ..oi. ;m,.,is.· •• 2JO, MH. 306. JS't 
Dironlariui.,8't, I 1't,267,174, 2n, 

104-6, )01. ?l8, 780 
bnin invol~cm .. nt, 679 
Mart murmu .... 101 
lunll di~...,.~. 95. 359 
tr .. "mcnt,106 

D,,.lurgoumm.,y, 12 
DUcoid lupu. (1)'.hcnuIOllUI. m. 901 
DisroI;pondyliu" ll't, 1>8-4, 68', 748. 748 
DioorimuIK>n (confu.ion). 14't 
D"'pW:t .... nl aclivily, IOJ2, 10}'t 
Dis~min.md imravuculu co.lguJal;on 

(OIC), 161, 464 , 188, 801-2. 
"'-10 

anlithrombin 11 1 d.nci .. ""y. 804 
ulOCi"..! disc ....... 102 
g.tllriC dil".lI;on .md yo l>'Ulu .. 4 \4 
gulriC mucoul dlnug ... 401. 408 
h .. mor.hagic p"romttri,i .. 41J 
li~er d,..,..." 461 

Diolichi;ui .. 116, 8]6, 117 

Di'InC'lK>n, 1036 
D;umics 

:&CU" ren.1 f:ailur .. , 622 
IIlomcruloncphropl lhy, 6)) 
hcll'l f:ailu,..,. 32 1_J 
pou.nium·lo,ing, J22-J 
po .... ium·.p.ring, 32J 

purmonl.,. O«l .. ma,}61 
Dob<'fTn~n pime ...... .. .,diomyop~thy, 

l S1 
Dobulamint.288, Z91, 124, H2 
Dog, phy.ical tumirulion,~, 6-7 
Do& pox. 60 I 
l)op,amin •• 288. 293. 3}O, 458, 4~, 612 
Doppler colour flo ... nupping. 27 1 
Doubl .. ron"'" cYllography. 174. I n 
l>oobl .. rontra" S'urognphy, 47. 41, 148, 

177.4O'J 
Doubl~ ,al1bladdcr. 48J 
Doxorubicin. 217. 755. 1012, 1017, 1018. 

101't, 102'-S 
t lrdiOlOxici ty.29O, 1'H. 1021 

Doxycycli"". 'tS4. %J. 966 
Drug , .. aclions 

boll<' m.rro ... iupprnlion. 79$-9 
fen •• .12 
ktr:ltoconjul'ICI;vi , iJ litc~. H5 
",roc"al;I'" S04, SOi 
pbt .. ln dy.function. 800 
roJyurialpolydip.i ... 7S 
.kin eruption, S99 
vomiting. 44 

Duod .. n.l .. ndoKOpy, J80, 181 
Duotkn.J juic .. lIt.llysis, 65, 381, 41S 
D ..... nng IYodrom .. , ~)~, 7l't 
D)'uulonomi ... ~5, 68, 437, 690 
Dy.eI...,.i ... 67, 43.1, 4l4, 431 
Oyoc .... ndroIlO0I .... 728 
0Ylmy .. lirution o f CNS, 675 
DrSOllom, 729 
OYip~i.a. SI. 51-7, J4~,ln, lib, 184, 

187-'t, 197. 6% 
c~u.~ JJ. 181, Jr7 
di. snonic .pprNClt, 14. J88 
phy.ic.t1 tUmiJUlion, 55. 387-$ 
Irtllmtnt, 388-'t 

Dy.pnoc ... 9.11-'1, 137,221.156.185, 
160,36l,}64,l6S,171.172 

<au ...... 17 
;mmcdi~t .. malUgnnrnl. 90 
!.bomOl')' in~"'tiption .. <X;-2 
p"hophyoiology, 87-$ 
phyoica! cumiru.ion. 90 
I""lu .... 1 ad'p"lionl, 88, 8<} 

Dy.uria. I f>S, 171. In. 178. 18S. 6l6, 643 

E 
E~ ... uarniru. i(lf1, 8 
EcchymOlic: h .. monlugt. IO'J, 164. nl. 

n7,797 
ErbinO(O(CJjI.Pf' .. HI 
Echoc .. diognphy, 'ta, 270, ZlG-1 

>M1W: n .. nosi .. 1 12- 14, ) I) 
atrial sq."l dtf«l, 111 
Nctcri~l cndnc-uditi., 18J 
cardi .. dy .. hylhmia .. !2'1-10 
cardiac: munnul'J, 105-6 
coJlapwcpi.ooic we.>kn~ ... 222 
cyanotic consmiul htan dil<'.l". 121 
dibtnl card;om",)p~lhy .285-6.186. 

!n 
.. ndo<~rdi",i., 28 1 
f ... · .. of unknown origin. J4 
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hy~nrophie can:I;ommr~thy. 289. Ipin.ll .. ions. 218-'1. I>7~ Epilrpsy. idiop. thic. 21'1. 220. 241. 244. 
295.296 EI«trophy.iology. llO. 238-'1.61 1. 67) 20.~ 

p'ttm dtKtw mcriosus. 311 El«trOfrlinognphy. 823 Epiphora, 82'1. 8(,() 
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Eyo di~Ut (to"z.) 
hiJlaty-uk'ng.81O 
L.bontory invnlig.llions. 822 
ophtha!molo&kal u~mil\.I(;On. 821-2 

Eyr pm;tion!mo"rmrnt diwrdrn., IIS7. .. ,.. 
f.ydid diuUt.1I25--i, SU-'I 
Eytlid nropb,i~ '27_8. IS'I 

F 
F.acial nHVt panlY';l, 2.J4 
FICIO!" VII ddk;tncy. 804 
F.K1O!" VIlI UNoy. 167 
F ICIOf VIU ddiciency (lutmophili, AI. 

108. 162. 164. 167,102-4 ,BaJ, 810 
FlClo. IX ddicitllCY (I=mophili.. 8; 

Chrinmu diuUt). 804, 110 
F.K1or X ddicitncy. 8()04 
Facio, XI ddici..-..;y. 804 
F.K1o. XII (Ha,.INn factor) delicitncy. 

." 
Fadin, pups, ')44. ')4~. 'H6 
F&«01 :uuly.;.. 45, 62, (oj, 67, 149, }7)-4 
F~al.uhur •• 62, 61, 374 
Facta! t)'.alot;y, /oJ, 69 
FMCa! Aoulion lo r plrllilts, 97, }14. 422 
F~l impKtion. 67 
Faecal i",ontin.",., 4}1l-9 
FRCa! ocroh blood. 149. J74 
F RCaI plOlwlYlic lCIi""y, 51)-J 6, J 16 
Famotidi.,.. )')4,.05 
Faneoni 'yndromc, 76, 77, 616 
Fa.ilinllo""l)" m ... boli.m, 10 
Fat milibsorption. 374. 51} 
Fany acid deficimcy. 902 
FmI;ng bo:h .... io\Ir • ., 
Frli"" aJlcrgi< bronchitis. 1111 
f.line mhm ... 'II, 9}, 94, 95 
F.lint ulroviru.s. 97} 
Ftlin. calicivirus, )~, %1, f6)....4 
gin~il iNtorrutitis-phuyngit;" .I U, 

..,. '" 
.kin diJtut, 90'1 

FtlirlO t~bo:u..u hypopluil, 67'9-10 
Ftli .. uoron ... irul inltction. 971-} 
Ftli.,. COwpoK, 901-9, lI09, 974-6 
Foli ... mtori. coro .. ,yiru. infectioo, 971. 

m 
Foli.,. htrpa "iru. I. ~92. 961. 962. 'KJ-.4 
Foli ... htrpe' .. iru. 2, 'In 
Fol int htrptsYirus.l~, 184 

conjuncti .. it; •• 859-60 
.ki .. diJ.c,ut, 90'1 

F.line bypcruru;li,'''y ItuJliti .. 1I6O 
Ftlint immunoddic;oncy virus, 15. St.. 6}, 

U,96, 10'1, 118, In, Ul. 771. 772. 
784. %1. "9-11 

rolonic neapl ... i ... 4ol8 
f"or. JO 
gingivi t i.·.IDmlliti.-phuyngili .. 3lJ. 

'" .ki .. du..Qt. 909 
".a,m.nt. 970-1 

Foline infectioU$ aruomia, 80S 
Fdine infectiow pmton;I'" 96, Ill, 135. 

14~ , 592. '71 

~bdominaJ fluid, 14/. 971 
control. 972-) 
dw..m;nlttd intnvuculu cO>.gubl;on. 

'" ," ... 31,16.971 
liv .. in' ·olv ..... n •• 489 
neurological diltJ.K, 678, 971 
ptricudia! dlu'lon, lOO, 971 
plcu .... l c!Tw ;on,)66, 971 
Ir."ment,971 
Iff ~ Fdil>\' coron ... i!"\l' inftelio .. 

Frli .... ;Khocmic tnctphalopAlhy, 681 
FellI\(' kprosy. 907-4, 978_9 
FoI;n~ l~uloom~ vi!"\l', 15,5(" 63, U , 92, 

96, 109, 116, 118, 15Z, 173,373, 
592, n l , 772, 784, 961, %6-' 

colonic ncoplu;~ 4}8 
dinominlltd inlrnucular c<»f>U lation. 

." 
<1Itml; •• 420 
ftv.r,30 
gi n gi ,·iei. -$Iom>.ti ti,-plurynptis. )83 
lutmol)"lic aru.miJ., lOW, %8 
llumopoinic nroplum. auociat;on. 

807.808. 111)9, "7. 'Ho7-4, 10 1 ~11, 
101} 

immunosuppres.ion, %8 
pcni"o"l bttO! inftc\1on, 966., 967 
pur. mi cdJ opillil, 806, 9611 
rtproductivc 1 .... lu~. %II 
.kin disu .... 909 
,tttinyva«inat;on. 969 
I~almmt. 9611 

Frlinc low .... urinuy lnet diltUt, 14, 170. 
6-4}..6,6« 

obtt!\lctive '" UrtthraJ obtt!"\lction;n 

"" I'din. Iymphocyt;c chobngioht" ... iti •• 76 
Fdin. p:onlnocopcniJ., 41, 300. 592. 

959-40, 97} 
FoIi"" puvovirus. (oj, 420 
I'di"" poniru .. 195 
I'di"" rupir:nory vi!\l,", ~8, ".J-t 

va<:ci ...... 964-5 
Ftlint .pon"fo.m ..-..;tphalopllhy, '}Ill 

F.]i ... Iyncy, ium-form;nl v;rus, 977 
F.maJo reproductive diooni ...... 574-94 

bilth, ~n-n 
hiJtory·ukin" 574 
in ..... I;pti". ttebniqut .. 515-6. $76,"7 
physical tX.Imin.nion, 514-55 
qu ..... SB9-94 

fomaJ. reproduct;ve eodocrinoJosy 
bi\t"h, ~77. J1I 
quecn. 589. J90 

Ftminizin, .yndromt. idiopathi~. 896 
Fonbmdnol., JOT, lS9, 519 
Ftrritin. III, Ill •• 18-4 
Fm! r""'lltian. 586-1. S92-l. 944 
Ftvtf. 2 .... 1 • • 90, 10'1, 12). nl 

ad ....... venu. btntfici&l df...,l .. 29 
inltmli"tnt (undulat'ng). 29-JO 
managtnltnt. JT-4, J I 
pathophy"ioJo&y. 2'1 
..., .... " an. ("'1";'). 30 
Iwuined (pcrsisltnl). JO 

It, .1", F"tf of unknown origin 
F . ... r 01 unknown origin. 3()"1 

c.auotS. )()"2. J2 
crilfflJ., )Q 

d iagl\O$lic proct<iuru. 3-+- 1, lJ 
.ntoning .CII" J.+ 

Fibrinoson IlNoY, 167, 4604, 782 
Fibrinot;.n (fibrin) dcgr.wbt;on produru 

(FOP.). 161.771. 782 
Fibrinoly.i .. IU, n()..1 
FibJ"IX~rti1apnou. trnbolism (iK .... mtic 

mydoplthy). 685 
Fibrom", 913-H 
Fibrcw.reom>.. liS, 6S}, 724. 913-14 
FiUroiJ" «1m, 359 
Fin. n«dl. up;nlion (FNA) 

hatmaturi.a inva l;ll"ion. I lJ. 184. /14 
h ... 466 
lung Inion .. 91, 3~ 
lymph nod", I~, 77S 
ouoplug.al disord .... 57 
prost.llic di .. Ut, 114, 18.), 18-4. /84 
mul diltUC, III}, 184 
tumourl. '}119. m 

Fica alltTk)', 190, 195, 196, 19'1, 874, SSI, 
811. 904 

Flu infatation, 19-4, 19~. 198. 20}. 9M 
Fluronuolo. ol50, (oJ9. 881 
FlutytOJinc. 639, 91 1 
Fluid in.ak •• 70 
Fluid mtntion. III 
fluid thril1, 131 
Flunu,;n mrgIuminc.o, 37, 44, 415. 745, 

m 
Fluorosropy 

chronic cOl.lgh. 96-7 
dYlpnoea.. 91 
hi .. al ho.n'a, )911 
ocsoph. gal disotdrn., 5(" 391 
..... l1 .... ing tvalullion, Mo.l76-7 
tra<:huJlbronch;, J collap$t. J~3, l~~ 

"'uwnidc, 6-4 7 
Falm Itrum Itvtl. 64, l73. lU. 425. 513 
Follicle lIimulaung hanno ... (FSH). S27, 

'" malt r'"Productive funclions, S9~, J96, 

." 
f ollicular dyllrophy/dy.pluia, 186, li7. 

118, 189 
Folliculiti •• bact. ri,l, 202 
food .adveno r"'~lioru, 428- 9 

It. ,.!", Diotuy hyptrJtns;livity 
food .Jlo'lY, 199. 200.ll l , 427, S74. lS I, 

"" Food idiooyncruy. 419 
Food inukt r.-gulallon, U 
Food inwltnneo, 61, M, 429. 881. 9M 
Food poisonin" 41. 
Forrbnin 101;on., 664. 66J 
Forebrain tumours. 676 
Fortign bodi .. 

gUI';';. 47, 41 0, 4/0 
ing.ned, 44. 59, 61. 62. 6-4, }76 
inhaJ~, 30. 91. 96. 97.354-
intnunal obnf1K\ion. 42.1, 04 
OC\Il~r, 8}0, 8}1, 834 

Avtorsko zast!j e'lO gradivo 
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oesoplulc~l obs\l"c~ i()n, S4, 55, S6, 57, 
J92- ) 

onopluryn,(~.185 
rKUI, 61. /,9 

rhinitis. 348 
"I'vary" gLolld, 386 
tr.IChul., 118 
In.Jso Line,.,. fornll" bodi .. 

Forelimb otdcm .. ... 2 
Fna;orW n(mion. 618 
Fnnlr.-Smling rc"'~ ion.h,,,, 27 I, 214, 21S 
FlU n IlnUrn level, 536-7 
FlU T4 ..,rum kvel. 536 
Frone,u ,,"um, n, )47 
Fn.u(:m,de, 75, H I, 287. 2'Jl. 295, lOll, 

l6 1. SQ.!, 622, 611 
hc~n f.ilure manlGM1et1c,122-} 

Funttiarul (phy,iologigJ) cordia/; 
murmur, 101 

Furwbl disordct1, 8. ?-S4, 86+-5 
Fu...w neopluml, as} 
Fundoscopy. 121 
hndu$, 8-47-3,847, 861, 86) 
Fundu. inlbm ..... !;"n. 151_2, In 
Funpl cult",.", ,n-i 
Funpl i"fcaio ... no 

anhtiti.$. ] 49, 757 

br.i ... 678 
lymph node ,r..,."Lorrucousi 

pros;nnulomuouJ mponw. 152. 
OS, 

myoarditi .. 189 
otl~myd;ti .. 134 
pnt'llmoniJ., 96 
rhini'i .. }49-so. )4' 
,Jr.in. 887-8, 909-11 
uri nary Inet infection, 639 

Furunc:uloti .. ill 
F.JlIb~tlrn .. m, 901, 971 

G 
GAB ... IIt, .. 'o\Ulum""o<\' 458 
GABAlBZ rccq>lor oompln. 458, 460 
CI;' .bnomulilies, 697. n 4 
GallCC~I"'is. 58&'-9, 59-1 
G.llbUdd« dupliCl"ion. 48} 
Callbl~ physiolo&y. m 
Gallop m),dunI.lll 
Call$l<>nn. 4!J+.5 
G.mm~-,Iu"'myltn.n.f.n..., (GGT). Ill. 

1}4.11'. 46J. 618-19 
G .... ' ..... ng •• 87-l1, n 
Gamic acid Kt:.rtion. 401 
Gamic aU"l)' l ... t;n .. l' l 
GUlnc C<,Inl<nllup;n.lion. s.. 
Gutric dit.ution, ioolmd. n , 146, 2'lO, 

41 ).-1 4 

GUlm diIAU\;on and .. olvulus, l7l, 
41 1-16 

d«:troIyIUKid-b .... dillu""''''' ..... 41) 
nunag.mml. ~ 15-16 

Gutric diuu", J911-416 
Gamic emptying. In, 400, 412, 414 
Gutric fom;n bodia., 47, 41 0, 410 
Glnne inhibi lory ptptid. (G I!'). 51 2, ~I 

GUll"': lymphoma. 411 

GUlm motility,ln, }994oo 
dioonirn, <4\1 - 12, 412 

GUtric mucOl,1 barri • • , 199,)99 
d. nug. in uk ... J'>lhog.n(:lis, 407, 408 

Cutm mucu. production, 4~1 
G ... ric nMfIluia. 405, 40'), 410-11. 411 
Gu,ric oulflow obnruClOon, 412-1}, 41) 
Gutric Kt:,rtions. 4~1 
GUlm ... k.r bioplY, 409 
Gutric ... konlion, 147. 407-10, 401 
GUlm volVUlUs, chronic, 41 6 
GUtrin, 199, 400. 401 
Gumn ",I"uing p<plid. (GRr). 499 
Gutrinom ... 40}, 408 
GUlriti .. >CUI., 401-l, 625 

anOology, 401, 402 
s.n:onduy, 40l 
" • .,m.nl. 40)-5 

Gum.i., chronic, 405-7 
dUI,fiClt;on,40J 
idiop.1lhic,406 
nunagt'mmt, 409-10 
Ipin l orpni.ms, 407 

Gu.riti .. non-.pocific. 48-9 
Gutr0<1uniti •• 147 

...... morrh.apc, 422- l, 42'1 
I)'ml"0nmic thonp)', 48_9 

Gutroint ... linal ...... mor.h., •. 149, 373, 
m 

Gutro-oesopha,u! inlu""'S<:"f>lion. Slo. 
197.J97 

Gallro-onoplu.g .. 1 •• flllI. J94 
GUI"""opy. 47 
G.ntnl;ud Kiz ....... 243 
G"n . .. liud tr.mor .yndrom. (whil" 

...... ker dog), 61'1, 691 
G"nlamycin.157,91'1 
GianI uonalllaJ .opathy. 686 
Gianii .. , •• 6J. 65, 314, 422 , 421, '140, '180 
Gingivi,i .. 373.}U 
Gingivitil-stonulilis -pharynp,is in CII, 

}8l-4, %'1 
Gburoma. 12l, 139-42. 863 

clas.ification, 1)9 
clinicallign .. 83'1,1)9, 140 
modical " "atm"nt, 841 , 141 
primary, 8J9-41 

IW'I'mO' (dOlod) ilIIgl •• 839-4 1. 140 
op<n ilIIgl •• U I 

...oondary, 841 - 2,I42,8IJ 

.urgial uralm.nl. 841 , In 
Gliorn.., 244, 676, '" 
Globoid tdllt'Ukodystrophy. 674. 686 
Glom..."I""q>kri,;., 76, 171 
Glomtnllonq>kropathy, 78, 11 9, 1J9, 147, 

14 '1. II}. 30}. 30~, 617, 'l l~ 

u ... m.6Jl 
Glonilu.38l 
GI....:qo<L. Il, 450. Slol 

fut;ns ~""'lY m.uboli.mI 
hypurnnabol;'m.20 

Gluc~noma, 204 
Glucocorticoid homtonoes, 450, 5-44 

ma.lcucoc:yIOli .. m 
GI....:oconicoid Ihn-apy, 16, 24 , 11, 38, n, 

5Q.!. 618, 682 
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allergic .kin distu.. 882. 90S 
aUloimmuM humoIytic: arno.mil., 117 
coli"s, 43S 
C)'1O'tOJfic: cllttno.:h<1'lpy proiocols, 

1012 
fMmo P'''POn.tionl, H5 
P'trN: dil.u,ion ilIId yolvul ..... 41S 
sinSiyiti.""ORU,il;"pharyngil;' in cat. 

m 
,lomtr\lIOnq>hrop .. hy. 614 

hypo.idunocorticism. 5-49 
>CUI~ primary dise ..... 548 

ialrop:nic Cu.king's diseu., 189 
,mm"'n(:-m<di"od .kin di.., ..... , 'lOO 
liy .... n~y"'" d'ffC\.I, \}O, U 1 
ollownhrili .. 14l-4. 745-6, 7~ 
pt'ric:ardial d'fu,ion, Xll 
pruril\l" 194, I ~, 199, 200, 874-5, 114 
.hnlm .. oid arthri,i •• 152 

steroid IItpalop,alhy. 481. 411 
uy.;,is, 836 
withdnwal-&uociotod 

kypoadrmoconici.m, 54'1 
Glucoc:onicoid-inducod Mpotnp,alky. II I 
Clu""", inIOI<1'lnc~, 512 
GIUllm.,. d.hydrot:tnaK (GLDB ). 1)0, 

'" Glulanutt MllrotnnsmiH;Of\, 457-l1. 4J1 
Gluten-uno;,i..., .nlffOpathy. 42'1 
Glyc...,.1 (rin;lnl", l24 
Glyc",.n .torag. diKU ..... 702- 1 
GlycOl"'oU, n, 179,61" 619 
G .... I!.oU""'"" Ipp .• 407 
GoitU, S}4 
Gold '."\.1, 384,152. 798. 901 
Gon.dOlropkin u k"inS honnon • 

(GnRII). 517 
Gonioscopy, 822 
Gracil,. con.rKlu .... , 709 
Gnnulocytn, 767 
GnnulocytOimhy 'ynd_, canine:. 790 
Gnn .. lonulOliI bow.1 distu., 32, 434 
Gnnulonutou. '''''''phali,lo. 2016 
G;""UlonuIOliI autnl;" 407 
G.ilIIulonuIOli' m.ningomc"Phalitil, 244, 

'" G.UI _I InaSmtnt, 267 
G.......,f .. lvin, 193, IS'. 817. 910 
Gro ..... h deficiency, diff..,mllM d iasnOl;', 

'" Growlh hormoM. IJ. 527 
.egulation 01 rdnK. 11. 
roproductiv" disoni,," in bitch, S81 

Grow.h hormone dcli.cicncy, 521, 12'1 
Growth hotmonc wnpy. 52'1. HO 
Growth horrnon<+ .... ponoivc: aIopocil., 

529-JO, JJO, 1'14-5 
Growth UJul.u ion, 5}5 

Iff .00 Growth hormone 
Guill.in-Bud distu., 68'1 
G ... I p<ptida., Il 
G ... I-uooc:iatod lymphoid I;IIU" (GA In. ,., 
H 
Ii, bloc:lr.crs.. 394. 405. 415. 4) I. 62'1 

I 
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~bem'n';OSln:onu, 290. ~ 78. W. 724 
' ·hem.1fcmais. 43. ICB.. 1 M. 313. 406. 4C;. 

409.771 
I ·henu'oche~i .. 67. 373. 4}) 
H~enu,oLogic'" disorJ rn, 7~12 

c<>,.80)-10 
dQi, 78 ..... 04 
h.,.ory· ... king. n 1 
;ovn,i,,, ;ve . tchniqun, 772-5 
l~bo .... ,Of}' in,..:lIil-'. ion .. 77S-IO 
phy,ical cnm'nnion. 171-2 
lumou ..... cl .. ed. 993. 99) 

H~enutologic ... ,..,fe""nce ranges. 7" 
H~enu'opoksi .. 7~. 766 
Hum"uri .. 1M. 176-S5. 614. 6] 8. 619. 

636, (,)9. MJ. M 4. 171 
"auKS, 176. I ;; 
~ 1 76 
history-ulr.ing. ]77-3 

nun.lgtmCnl. " ..... 5 
mi.c:roocopic. 116 
urinu.wYIU. 17&-9 
urine cullurr. 182 
urine wiiment n.&m' /Ulion, 11'9-11. 

111./82 
Humic c.miiu murmur. 10;. 772 
fI~tmob~non,IL.. 109 
HnmoJ,,,rron,1Lt •• In", 7" 
HumoNnonr/l.f, 1i1, 128. 805 

"hemoglob,n m('ubo!',m. /16. 4>4. 76IJ 
Hannoglobin.l('mi .. U3 
Humoglobinop.,hid, rongtll'u.~ 11'1 
Humoglobinuri .. ]O!. 121, 1l3. ]76. 61S 
H umolY' K: anum,,,, 107. 10 •• I/J. Ill. 

114. ]21.785,805-6 
.ongm;.'" in cal, 806 
anrinsic. I H,I" 

H umolYIK: (p""Mp..,ic) i .undic~. U l . 
Ill. 114 

Humophi!ia A (fK1<>r VIII ddicicncy), 
ICI, ]62. 1M. ]61. 801-4. BaJ. 'IO 

H umophili' B (fK'or IX ddicicncy; 
Chrinmu discuc), 804. SIO 

Ha~mop'rlis, 101, 771 
j'!aemorrNge, 278 

,bdnm'n..l ",in. 149 
blecd,n"dison!e .... 1M 
hypovolumi<: Ihock. 101. 71( 
phy.ic'" .,.,min ... ion. 10'1 

H umorrhagic .n.lmli .. 107. lOll, IIJ. II). 
784--5.105 

M;Ule ilumorrha,c. 114. 114 
chronic blood !oJ .. 114. I U 

Hannorrlugic ","DmItri" .. 422-l. 429 
H .cm",nuil. 160-2. 169_71. 16'1 

c(),l,u ~lion aoudc, 161- 2,769-10 
bborl1ory UJ-HSme1l1. 7SO--4 
primary, 16G-l.161>. 769 
~nd~ry, 161 ,769-70 
It1'\i~ry. 770 

H~"""",I;ui • .bnorm..l',;a lu Bkcc!;"g 
dioordrn 

HUmoJl;uu fu nc. ion .eou. n .... j 
Hannothoru,l64 
H .i,.8n 

nu.croocopic ~umin~(ion., 816 

)i,i, tro"'lh erek. 186. S.lS. 812, 81) 
II." pluck ... 191. 191-11. 204 
Ha;rbolli (uichobc-LOInl. 41 C 
Ii ~m~vjf\l" 976 
H~, milt infallUon. I\IS 
Heod eramin.>lion. 5 
He..! ~nd neclr. oede ..... 14l 
Head ,ih,l)} 
I le.ad unnu. 2~ S. 680 
He." failu,.." 271-4 

cardia.: fU IIC.ion curve. )22 
compmulOry eh~n5cs. 272.11). 214-5 

adaptive conK<jucncu. 216 
modify;nl: mcc:hlOi,nu, 27H 

cong".iv~. 89, 91. 9-1 . 93. 96. 98. 104. 
106. 11 7. 119. 120. 12.l. 256. 261, 
272, l 7J.177-tl 

an.lmli .. 108 
ut"<$, 1J6, U7 
umral vcnou. preuure (CVPl. U S 
congeni ... l a rdix dcf""to. 110, 3 16. 

'" d""cd ""rdiomyopathy.18S 
endoeardioois,117 .179. 211 1. 282 
hcp;a. ic ron,esl,on, ~74 
Icf.·.idcd, 2n 
pcriardio] tffuJion, XIO 
righl-.ided.217-11 

functio.w cb ni6(;1tion.17I. 17'J 
high O • .npUI .mn, 174 
hypcnrophic ardiomyop,athy• 276, 

271. 194 
lef. 10 righl.hun .... 217 
low au'pUI. 117 , 111.17J. 214. 211 
m~n'~I, nl-' 

diurC1icJ. 321-3 
ncpt,ve inotropic .genl$,l21-41 
poo;,iyc i"",TOpic ",tllu, )26--7 
rell,321 
v..."jib,,,, dru", 124-5 

myoardial changH. 216 
JU,hophy'ioIOCY. 212-7. 172. 322. 

" ... compliance f>.ilur<, 274 
m)'ocudi'] bilure. 213 
prtUur< ov(tlo.ad (af,,:,.~ inc,..,_). 

174. 215 
volume .... erlo.ad (increased p,do.adl. 

27)-4.275 
pcriardia] dilUJt. 277 
pcriphn.1 yuocomtrirtion., 216 
... ~,u/.,]. ""'ention. 275. 216 

Hun r .. e, mrnmum cfftcl've. 271 
He." .aun<b. I. 217. 157-3 
Hnnworm I« Dirofiluiuil 
Heal-llrolte, .lO. Jf 
Htin~ badia. 12(). 1l1. 128. 766, 716. 788, 

SO, 
/feliroNrlrr feli., 407 
lfelkoNatr lHibn..,,;;. 407 
/fe/Kob.nrrpylori, 381. 40J. 407 
IhliloltMlrr Ipp .. -406. 401. 408 
Hem;pl~alpuai .. ll6, liS 
lIm1ivmdme.2)9 
IItpuin. 298. 798. 199 
Hep.tic "'enovmow 6l1ul .. 415 

Hep,uic conge,,,'on., 4 7l-4 
Hep.tic cpu. 48J 
Hepatic enccph..lOJUthy. 55. 75, 119. 22]. 
4~. 487.675 

.mino.ocid meuboli.m. 451. 4''1, #to 
ammoni~ ml.'t~boli,m. 457. ~ 5S-«1. 46-4 
congrnil~1 ponO$r"emi~ .... unl ... 412. 

m 
d'.gllOSis. 459-«1 
hn)()k~~mlia, 4 ~9. 4J'1 
IlI.'tJrotnn.m'un dysfunc.ion. H 7-8 
poIen.iAt'ng drup. ~58. 460 

Ire;l,men,.460 
Hep .. ic 6b,ooi .. 76. 130. ~56 
lIepJlic lipidos;1, 24, ~ 89-'J I. 4'JO 
H...,uili .. 147, 467-10 

""nc, 461--8. 461 
('hronic, 4S6 
chronic Klivc, 76. ] )5. 468--10. 468. 46'1 
fulmi n.nt. 467 
infcctio ..... '130-1 
orona,.I. 456, 47/ 
non'Jptci6c reacti ve, 480-1. 480 

Hcpalocellulu urrinonu, 471-l1 
Hep~\OCcliulu (iOlnh...,.,ic ) ,>undice, 

1l2, 133-4 
Hep>1ocuunct>O •• yndrome (necrolytic 

migr>tory crythenu). 901 
tl ~Io"'<'S-'ly. 96. 10~. 109. 271. 461. 462. .. , 
1 · l ep~,opon.1 6bro.i •• congen, ... I. 470-1 
Het'cdillry """tnnll .. arrhr,hmi~ •• 227 
HC1erochromi.1 iridel, 816 

tl .,.ochlorop"'n~ ,olici.y. 6.81 
' ·liat.1 hem;"" H. 34. S6, )'17. 391-' 
tl ic lr.ey-H.,.., , .. 1. R] 

H" h ,].iludt acclinuliwion. 124 
Hindlimb bmen .... 146 
Hindlimboedcm .. 143.]44 
H indlimb p.ralyo'" 12().297 
Hilli<x'y. ic toli,i,. 59. H~ 
Hiniocylic gutriti., 401 
Hilliocy.om .. sn 
Hi1tOJ>wmoJu, 6J. 69. 618, 7H. 911 
Hi"ory IIIr.'ng. 4, 6 
HLA-1:127.1>4 
Hohet' moni ,onng (amt.ulJlOry [ C Gl. 

223.12'1,260 
t look,,·orm .. H I . 891 
Hormone lOli"""""r \fu ,men" 1007 
tlor""r'.,yndromc. U 4. 856-7. 8M. 866 

Iouliulion of le.ion .. 8U 
HO"'eU-Jolly bodie., 776. 805 
Honger, 1) 

Hyxloid '<1C'Y, I'<'ni1100I, 847 
Hydr.l~~i"", 30'1, 324 
Hydrocephalu •. 145. 250. 251 , 61~ . 6" 
liydrochIorOlhi..u.idc. )23. 3), 629 
Hydrogen brwh lCO .... 64 , J701--j. H 5 
Hydro""phrOli., 178, 619 
21-H rdroxr1a~ delieirncy. In 
Uydrolyorea. 426. 793. 1026 
lip"" ... 1 connnnio" •• 584 
liypcradrtOOC'OfticiJm, 2.l, 75, 76. 78. n, 

'16. In. 121. l03. 461. S49-4O, 732 

Avtorsko Las ... teno gradivo 
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ldrtml-dcpcnd~"t, 550. 55 t, 551 H)1><'rthyroidislTl, ll), 75, 7/>, 78, 128,259, (ongcniuJ (CT""inilm~ 181, 535, S}6, 
m~~HlI. 560 30S,Sl8-41 .JJY.712 '" alop<c~ 188, 189. 192 cudix abnormalities, 2'j8, 539, ~ mYOJIlthy,707 •• 

dinic:al.i", .. SSG-l IIvu ;nvol,'cm.nt. .89 oalrw 'Yck abnornuli,in in biICh, 57'9 
dUgl>O$lic inuG,ng. n ...... s. 114 skin dioordul, 203, \It} prinury. HS 
mdocrine ..,r«niItJ: tell$, 555-7, 51' If • .,ment, :He-I ~.m 
4bol1((0I)' fi ooinI;J. 552-3. JjJ Hyp<nmpruc cudiomyop .. hy, 105, 106. .lUn disord ..... 202, 2M,"'. 913 
mYOJUthy.101 27~. 277, 278 thyroid biopsy. m 
JUrhuphy.iok>gy, s-t9-SO, HO .ngioc-lrdiogn.phy,29S treatment, 5" 
pi,uiury tumours. 53! ClOt. 1'1J.-.6. l'/7. JOO. SH. :HO Hypouicho.i •• 186. 8'7), 91 S 

•• 
pil\liury-d~n.d.n', S4':/-SQ, HO, SSt, <iog. lll-9 H YI""'0laomic .hock, t07, ]08, 117, 119, 

'" «hocudiognpby. 289, 295.196 272. 27}, 2H, 278, 7'. 
m:uu.gcmcm.557-60 dcclnxndiogr~phy. 2n. 29-4 pol";': dit..uUon ,nd vol""1,,,. 4 H 

Krftning test$, 'N radio~ia.l ~um;nuion. 288. ~S, hyp<»<!rcr.oconicilm, 541, 548 
.kin dilOrdtrs, 201. 2OS, 8'Jl-'. 911 '" Hypo~j&, I'. II, n, liS. 222.259 
Jlcroid ~.op.>.hy. 481 Hypmrophic gun';. iJ, 406-7 liv", danugc, 482 
IIIUS lc\lcop;un. 779 Hypmrophic MUropuhy. 686 teilUfts, 244 

Hyp.n~mia, 12)...j Hyp<nrophi<: OJ'eOOYJlrophy Jet 
Hy~ .... mmoniM'mia, 221. 472_l, 411 Mn~pbyM'a1 ollcopathy 1 

,luunule n.· .. "..>Innsm''''IOn. 457-8, II y~nropbi<: pulmonuy OJ'CVJI. tby, Ibuprofen, « .144 

'" 7J7-3,lJI Icbthy<>lis.. 202. 87J. 902 
Hypcrbili",bin.acmia, 126--8.129, 454, 455 liypcrviLlminosi.s A. 724. 7J1. 739-40, Icteric mu.cou. ~mbnnC$, 44 
Hypc~~k..,m .... 76, 221, HJ m Icte",. In Jaundic~ 

hypcrpar~,hyroidilm. 543 Hyph.>mu., 838-9. 1)1. 8M I~ deficiency, 424 
hypo.1drcnocOflIc;sm.541 Hyp<»<!rcnoconlcilm. 45, 41>, 62. /oj, 18. llix .hromOOsil.191, 298 
pane .... i.;J, 50s 10I,119.214, S45-8,1OI Immu"....!Mdi •• N dxrywdcnil;'" 129 
.rellm.n .. SH, 995 (, d«ltoc~rdiog .... phy, 54R. HI Immu ..... m<di.tN di.sord ..... 30, )1, ISZ 
.umouNcLa,,:d, 9'91 I>.!196 e~rinclcsu.548."'.5S' Immunc·!Mdi.,N hxrnol)'lic .nlCmia, 

H YP""'holellerol1Cmia, S06, S}6, /oj) prinury (Addiwn'J dilCU(j. 221. J6. 114. 127, 121. 135, }Ol 
H ypcn:OI.guUbI. 'mn. 119, /oj). 634 54. 9, H7 Immunc-m<di.,N;o;nt dilC_,ll, 109, • Hypereoo;nophilic Iyndrome, 425, 416. ""ondary, 549 1S2, ,SO-S, 75'-1 

'" li ypoalbumiruemia, Il2_ 138. 205, 4S6, drug uc>.mml, 7J1, 758 
HyperlibrinoKe......,mi .. 6ll 464. HO.63l Immunc-m<dimd skin dite_, 191-901 , 
Hyperpmma,lobulinaemi .. 132 Hypocalacmia, Zll, S06, SH. 141. 619 914-15 
Hypergu.rinlCmia. 4{ll. 408 pollp.num/L",e p~ncy, 5HS. 59} 1n:1Immo, 900-1. 91 4 
Hy~yl;Um;" n, 221, S06,~, ~ll, oft •. ur .... 244 ImmuM-mNi" ..! thrombocytopmia.)6. 

" .... Ir~atmcnl, 141 IM,796-i.7'J7 
HypC1'his .. min.....,;., '196, m Iiypochondroplui .. 728 lmmunodcfi(i"""y • .I I, )6-7 
Iiyperllal.acm;" 45. 244, ~~ 7 Iiypofibrinogm.....,;a, 161, 804 Immu!IOS ... in;n" 818-'1 
KUI~ ,mal failure, 61'1. 612. 611 Hrf>05u.rie nc ..... ~. 168 [ mmuDOSupprCSliv~ .h~ ... py 
myopathy, 101-3 H yf'OtllrclCmia, 219, 221, 20. 20. 548. .u,oimmunc h",emolr.;e ana~mia. 7'7 
urethral obmuctlOn in <us, 644, 645 S6i,.I69, 5S7.615 coliliJ, 4)5 

Hypcrlipidaemu.23-1, 687 1i)'J>ogon.uli.sm, ll, ~9~. 601 fO;J;nophilic mt.ntU. 426 
Hypcnipol"OIn......,nu., 244 , 504 H ypok.l.acmia, 42. 56J, 626 ,lo~ruloncphropathy, 614 
Hypcrmcubolism, 20-1 ehronic liv~r diteue. 45'1. 419 immu"....mNi .. ..! .kin di.U3oC, 900-1. 
Hypc.ontrogtn',m, 189, )(18 diu,etic-inducN • .Ill '1< 
Hypcrpm.hyroidi,m, J.08, S4).....4 H ypok.llCmic myopathy, 221, 6.81. immu ..... rncdi.,..! thrombocyl"""nia, 

bone diK...,. 72'1-3l. ])0,])1 707-1.110.710.7 11 "' ... 
WOnK rmal f,i1ure, 625, 628, 131 Hypon .. ra~m; .. 42, 54] inn.mnuoOlY bowel diK...,. 428 
priliW')'. 7l. 543 Hypop.,..,hyroidi.sm, 2 ... S4Z-} iaundice. 1J~ 
lotCOowWy,54} Hypopiluiwism. congmiul, 528-9. J29. jo in. di .. _, 731, 754 

HypC1'tC",ilivny rcactions, 194. 195. 196, 535.538,72'1 uveit;I,8)l 
200.201.874 Hypo«:nsi,;ulion (immlln<>.herapy). 883. Impcrlorate .nuJ, 66. 44{1 

cytOlO~" d",p, 1019 ,OJ Impl.nl'lion lailu,e, SS6, 5~2 
CO$Inoph,lia, 780 Hypolp.,Ji ... 600, 603 In<:rctin ..fl ..... jl 2 
insect-mNiat"!, IMI HYpollh~nuria, pC1'lillcnl, 7'1.10-1 InfectiOfl 
intr.ad~rnul."ts, 199 Hypotension, 222, S60 chronic «>ugh. 94, 93, 96 
M'rolot;ic.alIelU. L'19 Hypolhalamic-hypophyteal porul compliatingchemothcnpy.1010 
va«iru.1on ,..;I,·toW 'C.acIlON, 9l7-3 'yllem, 526 conlrol in vncrin.ary prcm","- '1l8-9 

Hypertension. 24 ,121, 214, 301-9. S60 H ypolh. bmu. f ... erof unknown origin. ~I,)6 
chronic rmaJ f,;lu,~. 624. 626, 629 ,ulOfIomic eml~ Il, 14, 526 lyrnl'h.ulcoopathy. IS2. IS! . 15S 
glom ..... lonrphrop.>.hy. loll, 6H. 6).4 piluitary fU",,11on rq;ubllon, 521>. J11 p, "",cllil;'" 5-04 
tn: .. mm •• 108-9. 629. 614 .. rutrior lobco honnonc ,de_. J26 ,naivc hcpati.;a, 480 

Hypertensive rct'nop .. hy, B52.164, IU H ypothcnni .. J. .pccilie of ct., , , '-' , 
Hypcrthcnn;" lO, 38, 244 liypothyroidi.R'I, 2}. 56.301, ')J, Sl5-8 ,profie of do" 921-501 

uPi><" rnpiU\ory OOsIruct.ion, '10, 96 a1opet:i .. 188, 189. 1'12 vomi.ing. 42. 44 
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In'ectioul anhropnhi"" 7J6......19 
Inl«tio ... c.njn~ hcp"iti .. 467, 'JO-l . 9JI 

chronic xti,'~ Mp"itil following. 468 
cornnl o p.cities. 'J l. 'JJ/, '132 
n",in.o.ion. '32 

T nlmious tmcri.is. 5'1. 6 L. 62. 'JJ9. 93""'1 
Inlec. ious myocudi .... 1'98 
Infecliouo , kin di,u..,. 883-91. 907-12 
Infecliouo upSKT ""pir.lory d i..,.,. 

complex. ~J. UI. H] 
r nflammatory bo ... d di,~a"', 32, 59. 61. 

425.4]1. 427-8.419 
Infl.mmllory my""ifi .. 1004-7 
Inflmtm.tory n"po....,. 77'l. 780 
Infrupin .. u, conoru,ur",. 709 
Ini, i...I pmbkm Ii, ... 11)..11 
Inun-mnlialcd hYP"l'lC'IlsiliviIY. 191, '»4 
In.p«<ion, 5 
Inilr\lmtn",1 k.ming. 10J.O 
Imulin.O. 4SO. 452. 499. 561 

1.,ling en"'l)1 mcubnli,mI 
hypmnmboli.m. 20 

pluma lcvel .. 22J 
In.ul'" mi, ... nc •• 567. J(,J 

Intulin IMuPY. S6l. SM-S 
Insulin-i nduced hypt'flIlycKmia, ~ 
In.ulinonu.. n, 245. 40J. SU 9.687.688 
Inttrlnlkin- I (IL- I), 1'9 
In.ttmcdi.a •• ( in •• 'l;r><It) 

cmliomyopath)'. 2% 
[m.nnincnl (undubfing) fCVfr . 1')...J.O 
[n •• naualily, J76, 582. SUo 585. 591. 592 
[m .... t;liol <tU IUlOOUrs. 598. 895 
[nlentilial fluid colloNl "'lTIOIic (oncotic) 

p,~ .. ur •• IU 
In.trY.nebnl disc di..,..." 148. 219. 4!lB. 

"" Jpi",,] cord diJ.Cuc. 1.1 1- 1. U I 

Inlrn'trttbral joint p>.in. 212. 1/ J 
Inluunal function. 58 
Inlutinallnion bioply. 64. 65,.l7'l 
Inl"'tin.ol oonrucllon, 101, 62, 42.1--<1 
[nlutin.oJ p ..... do-oollruC'lion. U J 
Intro.c:u,. nrou, cornifying C'J'ithdiom • • 

'" Imndemul . kin tuting. 87'HlO, 810 
In,r><IUr;lI-U lr;lmedu[wy IUmoIIrJ, 68J 
Intrahepatic d>o[ului .. 127, 128 
Imnmpllic potUl vei n hypoplali .. 

con,cniul. 4% 
TnU'a.ln«\\I11uy tumours. 68J 
[nlr...x\llar h..>crnolThagu, 772, 7'l7. 7'J6. 

". 
[nt,.oocular praJ\lrc mc.,\I"ment, 8ll 
[mnpniCJroi~1 cyn .. lOO 
Inlrapni=-di~1 n~lums. ffl-300 
I ntr>VCfIOUJ u~raphy, 148, 114, 183, 61S. 

'" 1 "",nlic: fUIOt. ~oo 
[nlU,.usccp,ion, 6'1. J71. J76, nJ 
Inulin ,karanc<, 616 
InvuligJl'vc I"". 10. II 
lri, bomW'. UI.I~!. '41 
IN coloboma, 8}6 
InJ 'Y'''. 8lB. 8JI. 861 
lri. hypopwi .. U6 

lri •• ympathctic ne/"\~ ,uppJy I.,ion .. ,"-, 
Iron dd'icicncy "na.mi .. 116, 1l7, 149, 

J71,784.719-90.807 
Iron ", ... bo[i,,,, I"'U. 111 - 12. III 
Iron ItfUm Ie,-t!, III 
Isch"",i. ",yrlop~lhy (fibrQanilaginou. 

cmboliom). 685 
Ischacmic m)'opJlhy. 711 
Ischlcmic p;mcrc~liti .. ~~ 
hIC'l -:ac;nar poml .yncm. 499 
hoimmunt hMrnolytic an.otmi.a, 181, 806 
boimmune thrombocyt"J"'ni.a, m 
Iwspor., 'Ho, '180 
h r;tCOnuolc. J~. 888 
h· ... "'.cUn. lC6, l 07, 350. 3~9. '12 

J 
Jaundicc, 8. 126-H. 454- 5. 461 - 2 

biliary InC'l ruptur., 486 
bilirubinuri .. Ll8-9 
chol lngitil-c:lIolecYllitil, 484, ~ 81 
chl'OllK cbol. ngiohcp .. ili .. 488 
cl"';l\,ation, 132-J 
c!inic:oI/b bomory fut\lres, U~ 
hi'IO'}·-uking. U3 
intn'·ucul ... lucmoIy .... 109. 127. 12B 
bbor:alory invutigations. 121-12 
Ii,·tt danu~. "'Su. I29-J I 

chol.,wio, U I).. I 
hcp • • occUui .. injury, IJ.O 

liv ... function 'nu. UI-2 
mtJUgtnlfm.1J4-5 

Joinl d i .... .." 7[9. 7( 1)..SS 
c.au. 755-8 
ci."ific:Jlion, 141 
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Propranolo~ 288. 29(" 3}3. s.41. 629. IOJ4 
Propnoc<p,ion, 2J6 
I'roptosis.t ... um.,ie.815 
ProIt'I~. S~. 597 

investigations. 174. S9S 
I'rollale bKlpJY. 174 
Prost.le diocU<', 66. 69. 16<;1, 171 , 172, 17 • • 

18J. IV. Iu. m 6OC.6OJ. 641r-53 
Prost.le gl:and infretiol\, IB}, 184 
Prost.le n.ropw ... 174, IS}. 600. 600. '-49 
Prostatic ~b,",,, 30. 6'la-9 
Proouue ad<nOCarcinonu. 649 
P1'OIulie eylt .. 600 
Prootatic wuh. IS). /BJ. 1 U, 614 
Prosutitis, 76, 178, 599, (,47-1 

u, -Pr01eU<' inhibitor. 5Ol--4. JOI 
Prot';n met:obolism, SR. 561 

futins c""'1lY mttaboli.mI 
hypermetabolism. 20 

PrOl.in-losing cnlc<Ojnlhy. 62. 141. 144, 
145.4IS.427. 42'#-JO, IJO 

I'rot';nun .. 1~9, 17<;1,617 
aaUe renal failure. 619 
Wles, 1}9 
"'k$.ILing .,,,,ifiullC' . 77 
dirofilariu.iJ,305 
funct;onal, n 
glomcrulonephropathy. 63 I. 63} 
mcuuremenl, &17 
mcchsnis ..... 760-7 
poIyurUlpolydip .... 76 
tnu,16 
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Prot .... , 17'9,587,1>41 
Prothrombin Ii ..... , 712, too, BO] 
Prot ... t,,"<n'" 678, 9BO-I 
Pr ....... w.al infcai ... n. 's!)"l. '80 

bnin di.uS<c. 678 
d;",uhoo:,, ~21 -2 
myox,roi, i •• 189 
myopJ\hit$, 70~ 
.kin difCU<'. 888-9 

P, .... ru" .... n ... r nictiu,ing mtmbrirl". 
dimhoo:, cOnlplu in CoIU. 420 

I'rv,';,u .. 194-100. 202. 203, IU. I74-S 
.aI<.>p«i .. 188. 18'1. 190 
distribution p,uc, n". 197 
bimwy",king. 1'14-.5 
bbontory invutigllioru., 197_9 
nunag(1tttnt, 19'1-100 
phy.iul uamin'ti ... n, 1'1S--6 
typtl of .kin lni ... III. I%./ ')] 

Pteud(UnO,t" i .. 14 
I'SC'IIdoxopr<nwi •• U6 
1" ... 110 ...... "" •• .587 
fu.domfl"-', ....... gino"", 282, .25.1>02 
P~opr~n.ncy. 5SO- I .S8'.S'l L .S94 
Pwudonbies (Aujnky', diJcUf), 678, 

94] ,'176 
r>.ychogcn;c .alop«i. (neu' ..... enic: 

dtmu,iti.), 'lO6-7. 90] 
Psychogenic {p,;nury} polydipsiA, 7 • • 75 

I..bon'ory in'·."ipl .... ru., SO, 61 J 
P.ycllos.nic vomiting, 19 
Pty. lUm. 51. 52-7. JB •. 386 

clinical Hwcilli()fll, JJ 
di.&JtOStic .ppr.-h. J. 

Pudtnd.l~e. 169 
Puc~,.aI ,cuny. SU. 593 
ru, rncrpluliti .. 619 
rutm"".ry < ... ntu.i"", 119. 120 
rulmonary di.g ...... lic pnx~urn, lSl-5 
rulmonary diK'K. 120 
Pulmonary fib ....... 'I 
Pulmort.\ry function ' nu 

chronic cough. 97 
dyspnoc.a. 'II 
Io .... r ,espiratory traet diS<'Uf.)SS 

Pulm ..... ary !w:motTh...,e, 360 
Pul m<>ttM)' hyfH'neruion, 11').274 

<on,.niul cud;",< ddccu, 31 0, 316, .lIB. 

'" Pulmoo.ry nroplui .. 1'1- 2. 162 
l'ulm ..... a.ry oedtm .. '), I~, I 19. l SI>. 267, 

2n,lfoO-l 
dil." ed ardiomyopllhy, 2BS. 286 

Pulmott.a.ry pa".nu, 267 
l'ulm ...... ry ocinlig .. phy, 1SS 
l'ulm ... rury ... .....,i .. 10l, ] 19, 259. 267. 

27 •. 2] H. 114-1" 317. 31B 
;U)p....;....diOS .. phy. } I}-] 6 
td>ocud iogr:aphy.3 15 
d«tr ... u rdiogr.ph),. 3 IS 
~.l.diolociul eu m;ru,;"'n, )] S. JIJ 

Pulmoru.-y IhromhotmboliJm, 32. 92. 
119. 2/07, 27 • • .l62 

cor pulmon..al •• }oJ 
g1 ... merul ... nl'phropllhy. (0)]. 1>.12 
" en ment, J()4 

Pulmonary yucul .. urc a' J(nmtn" 2/07 
Pube, ~ 
PuiS<' deficit, __ 't. 210 
PuiS<' o.rimC'lry. 91. 97. 222 
Pulsus pu..do ........ 300 
PuniJhmtnl. 10)0-1 
Pupilhry m(1ttbranc. fH'n.iw:lll. IV. SU. 

." 
Pure.«I ~eU apla.iA, 188. B06 
Py. loncphri.u, XI. 11., n. In. 183 
Pyloric obltrllCtion • • 12- U 
Pyloric l,tnrui .. 42. ~ u 
r>yl0r0sfWm, ~ I} 
l'yIOtU .. )98 
I'yod~r ...... 1'13. 195, I%. 200. 203 

dotf'. 88S. IIJ 
• uperficU.1 

d.nnatiliolfollieuli.u, 81 •. 16~ 
puJtulu derm~tit;'. 88 • • 164 

.urf.« 
acule moiJl (py01t;lum~tk 

derm"i tiJ). 883-4. I6J 
.kin fold. 884 

trUtmtnt. 885-6,'" 
l'yOCenic: .1<:>p«iA, 190 
Py ... mnr:a. 75. 76. 78. 118. 512_3. S9]_1. 

'" I'yoth<,ru. 30. l66. 779 
Pyr:anld, ~ll 
PyrC'lhrinlpyrC'lbroid lo~ici'y, 55 
I'yrClti. ut Fever 
I'yrid<nlipninc, 689. 702. 701, 712 
Pyrim.lh>ll1in<.70.5 
Pyrogtns. Cltogen ... uol"ndogtno\l'. 29 
Py,hiosi" 888 
I'yuria, 17'9-80 

Q 
Q I ...... , \18] 
Qu..driccp. rontraeturu, 709 
Qu..drip1'llwp .... i .. B" 2)8, lJI 
Quinidine:. 315, 333, 785, 7% 

K 
RWie., S5. 2«. 'J9, '3s.4. 976 

ncurologic.al diS<'U<:S, 678, 935 
Y:I/X;rul roceph...lilil., 9)6 
vxciruUon, 9)6, \176 

Rad i ..... ll~rh<nt (RASl) 'ut, 8SO 
Rad iog .. phy 

abdominal p.in, 1.8 
.alimml.1ry tra<:1 diS<cn • • l 76-7 
.np....lrongloo.is.lOl 
.oni, .1<1>01,.,)12. J IJ 
.. cilts. IlS 
at,;.l >Cpul defect, I II 
Nctm.l.ndocardi,is. 18l 
bone pain, 21 4- 1 5 
a.roiu dysrh)1hmiu. 22') 
taroi..: munnu .... lOS 
caro""' .... ular diK"", 261- 1, 267-9 
chronk cou,h. % 
c ... ll.pse/.p;...,.!ic ..... kMH, 222 
<oru.ciou.nas levd . her:ation, 2S I 
ror pulmon..al •• )03 
c),' l>OIiI., 12] 

ddccltory ,cnumuJ., 6\1 
diLat.d ardiomY"I'.thy. 285. Z91, 192 
dirofibril.,l;s (h •• n_rm diK:UC). 

la4-S. JOJ 
di"' .... pondylili •• 1.S. U' 
dyspnoea. 91 
.ndaurd;""' .. 281. 2'/ 
rye di",...,. 82) 

fem~l. reprooun;y" ... rg.tnJ., 575 
h.enu<nlogic.1 di"ord,,". 715 

lu(1ttatu,;" 18l 
hypcr..drcnocon icum. S54-5. JH 
hypcnrophic cardiom Y"l'nlly. 288, 

29 ..... 5.29J 
hYJ><>lodr.noc ... n ici.m. S4B 
int. ltin,1 obItrllCtion. 42 • 
j ... in, p. in, 212- 1} 
bry"".352 
I ...... 'r rupinlOry ,r"'l. JSJ 
IYlllpludenopathy.159 
.... dil.,ltin. 1 diK...,,)6J 
m.gwnopluguJ.l90. J90 
micturi, ion abnorm.ali,inlurirury 

;nrorlti noenc • • L1l-4 
n.auI e~~ i,y, H 7 
........ plury"". ) . 7 
""uroiogic:,1 diwrdcn, 670-1 
otfOph."".aI di,"(nieuli, 3%. J% 
... nhopmfic: disordf r$, 72H 
oll .... n h,;t;., 742. 742 
p.ncrutil;" SO(, 

~ttnt dunu. ute';<nus.llt , JII 
pcricudi .al dfu.ion, l O I, JOI 
pe,;pheral oaInn .. I H 
pleural diJOUf • .l6} 
polyeythumia, 12S 
polyurialpolydil"'" 78 
pulmONry oed ....... )61 
pulmonary Itf nmi .. 1IS. J I J 
r .. , ';etiy. u ro iomyoplthy, 291 
rh""nutoid anh,;t,,, 15 I, ]J I 
Kizur .... 2.7 
'p,nAllnioru, 2l1 
tf1nlOSY ... f F.allot.l I8. J19 
upper airw.y ...... m.nt, S4-S 
urin.ry ,rael dil."", 61 ~ 
ur ... li,hi.su.I82. /04 1 
.. emricubr S<'plo>l ddm. 316 
' "omiting. 46-7 

R~,oisotope hu inuging, 466 
R.odiot.hcU~ .albumin u crf1ion. I. S 
R.I.d'OIfnsil i .. iIY, 1000. 1001-2.1002 
Rad iother.py. 9')9- IOOS 

",II Jumy. 1 """'c. 1000. 1000 
fr.oc1' ... rution. 100]. 1001 
iMicatinns. 10()4"5 
mode ... f "",ion. m 
t«hniqu .... ':I'n- looo, 9')!1 

'UN. dferu, 1000-1 
t .... 'cily l ... nonn.al tinuel. 1002-4 

"""I< r ... ion" 1003. 100J 
I.t< reactions. 1003-4 

tumour teponIC. 1001- 2, 1002 
Ralu (en cklu ), 9 
Rw.lI'd'ne, SO, l \l4, 405. 62l. 629 
Rapid gHI,;e emptyinG. 412 

AvlOr 0 ;.as ... C 10 gradivo 
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Reactive animus. 1}4 
Rrcord •• 3,11,12 
Rerul OIgffleJiJ. ~.O 
11.0':1.11 cytology, 63 
11.«111 u~min.l\ion, 10 
Rccul for.ign body. 67, 69 
R«Ul ntOf'lui1., 1>7 
R«w proup"', 439 
RfCuI mi.tur., 419 
R«tall~n~r~,ur., S 
R«taItnunu.. 67 
Red ceU antigen" 764-7 
Rni ern m~,unlion dd."u, lit'), 807 
RW cell morphology, 77':Ht 

terminology. 176 
Rrd cdl p~ .... mc' (1'I. 77S 
Red cdl p.arui .. ,., 787-' 
RnI cell phosphofruC'lokiruu defi<:icncy. 

114.788 
RnI crll prru"~lr kin./oSt ddklC'no:;y, 11 4, 

m 
Rrd ulll, 766 

ropon.., to di.., .... , 717-f. 
Rc-mtry t:.chycordi .. HO 
Refur"'! p~in. 146, 147. 148, 108 
Ren .. dyuynugk I7S 
RqIl~~li¥. :uunn;u. /I), L Ij....H, J)}, 

3'1.n7.784-8.791.792.~. 

",... 
Rqurgiulion, )'.1, H , Sl. S2-7, 389, 390, 

391.396..397 
e.w.n,d 
clinical.,sociuioN., jJ 

d~",,"lic .pp • .w:h, H 
OHOphlj;cal OOPtrut ndiOllnphy, 46 

Reiter', .yndrorrot. 7S4 
Rem;n.nt tocplic) fev ..... }O 

Rcn.>( amyloidosIS. 76. 178. 632, 6H 
RrlLll biop.)". 615, 621 
Rcn.al blood 110,-, 275 

keNl co",cnil11ung m«h:miJm~, 10, 71 -2 
imp.a.innen,,6JJ 

Renal congenilal dtfox ... 6JJ, r.Js-6 
Renalq$", IU 
Renal dY$pLu'" ]5, 633 
Renal f.j lure, Kille, 6"-13 

call..,,, 61D 
mlna,.men,,62\-3 
lIrc1hral obwun;on in call, M~, 645 

Renal failure, chronic, H , ~S, 62,]1. ]08, 
)o3,6]9, 62)-j] 

boM dj..,,,,,,, n I, JJ I 
<'alloel., 614 
clinical.i,n .. 614, 6.H 
dilj;n.o:tJil, 62] 
drug d~e adjusumm, 629, 6)0, 631 
g.nriUs/plnc ukenuon, 403, 408 
hi"ory-taking. (1)-4 

hypt'nenl;on, 274, 308 
hyp<»d.cno.:ortico.m, 54] 
mlnage_m,627-31 

",,:oemi. corrox,ion. 628 
an';emetic" 628-9 
lnlihyp«tms;,'a, 62'J 
.ppcti~ cnlanccmo.n, 628_9 
nlllrilion, 621 ... , 627 

Inruplanution, 63 1 
Plner •• titi .. SOS 
p>thophysiology, 62+-4.. 62' 
pmcrenion. 62/0, 616 

mon;lOring. 629 
..,i1I1r .. (u .. "",ic encephalop .. hy). 2H 

ReNI funaion tQu. 138. M 8-19 
Renal IIly" •• uri .. primary, 75 
Rcnal hypopluia, congeniul. 76 
Renal tmdull"}' "'>shou ' , 72. 74 
Ren.1 IICOpluia, 178. I U 
Renal lCin tillflph y, 615, 617 
Rcn.1 tnrupIUlt.uion, 63 1 
Renal tubulu funclion. J2 
Renin, 215, 544, S-4S, M} 
Renin-mgiottnlin '}'Item. 72, 544-5 

acule reml f.ilure, 620 
he." failure comp<'0ulory cffecu, 

274-5 
Renin-p.oducing turnouT$, Jei 
Rcpcrflliion injury 

KIlt. renal failure, 621 
" .mic dilation lnod vol .... lu .. 415 

Reproduc.ive end<xrinoLogy 
dos, 59S. J% 
tom, 602 

Reproductivc sYllem diK>rdC'n, ,SJ4--604 
f"",.le, 574-9-4 
male. 591 '04 

Rapimory cem .... 87 
Rapin.ory di ...... , J4S47 

eoll.psdepisodic ..... kO($" 219. 220. 
22] . 222 

diagnootic Ipp.m.:h. }47. ).17 
hillory· taking, 14S 
ph y,ic.1 n:unilUlion, 14!>-7 
presen,inll .ill"', 3'6 

Rapiratory din.n" 87. ", 120, 120 
Rapiratory failllre. 88, 343.}6J 
R"'p,ralory rale. ~ 
Rapiratory ._rve capaci'y.)47 
Rapiralory IOUnd.. " ] 1)4, ,)4~, .H6-7 
R"'piratory .yn"", rumination, 9 
RapiralOf}' <rxt inf«lion, .HS 
R"pollK ,ubnilul;on. ]03S 
Ratnerive cardiomYOJ>llhy, t96-7 
RCllined cutil",now cor"" 7J1. 1J' 
RC1iculoo:yte counts, \ \1)..\ 1, 71 ... 7 
RC1inal d"1lencration, SM, B6' 
Retinal d.uchment. 848. 853. IU. ,,.,. 

8M 
IlC1in.1 dy,pl ..... 848-~. 149. SM 
R""nal dYllrophy/d"1ltnention. 

inherited, S50-1 
R",in>l h.cmorrh.agn. ] 09, \64. 3&0. 712, 

U2.164. "" 
Rronal p'lI"'cnt epithelial d YII.ophy. 

SSO-I,'" 
R",;nol vucuw abnorm..Jitil'l, aS2 
Rronal vasculature, 841 
R",inoplthy, hypertensive. )()i 
R"'rograd. IIrttbrognphy, 183, 6\ 5. 6-41 
R"'rophlryng .. 1 .bKn" 54. 5S 
Revene 'Muing. 82-3 
Rcv"",,, Tl (. Tl) '.!'\Im Icvel, ~}7 
Rhlbditic dCrTlllti,;s. 891 
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Rh.abdomyoIYlis,16 
Rhabdomyom .. 709 
Rh.J.bdomyosu~oma, 709 
Rhcum>Ioid mhritif,)6, 7SO-2, 'JI 
Rlleum •• oid (;letOT. J6, 72], 751 
Rhinil;'. }4"'" 

chronic. 35] 
drull !r<atmcnl. )J I 

RhinolC()py, as 
R},i,w;upariJi/fm ".b~ .hinili .. 350 
Rhinotomy, ""plorllory. 116 
Rlxxioromol lp_. !In 
Rick ..... 7,)0. nD 
R;ek",uial di..,.-, 6n, 95H 
Ri,h, IOni.c ... h. pcrs;',ent, 321 . )9 I. J'1 
Rocky moun"'n 'POllC(\ fcYer. 678,1>79 
Rot~vin.o .. 42(1. 'H4 , 973 
Ru • ..,I1'$ vipe. "enom .ime, 167 

S 
Salicylate., ]16 
Salin production. 52 
Sali ..... ry gland di..uc. }8i.-7 
Salivary gland nox.OIi .. }86 

Salivary gland ncopLuia, 3116 
SaI;v")' mucocde, 386 
U1mo"tlLt sp., 61. 149. )74. 418, U I . 754, 

'HO, 'H4 
tn.e";,is, 421, 'HO, 'HI, 97l-4 

U1mon,1Lt typbimM,u,m, 'Ho, 973 
Sal ..... ention. 275, 276 
s"rcopft' u;.biri, I 'H, ] 98, 17/0, a90 
5.o.rooptic ftUn, •• 190, m 
Sati",y, J} 

S.1iC1y cent ... Il, ]/0, 24 
Sc.obi .... I'H. 19S, 198, 202, 20}, 206 
Scal;n, dilOrdC'n, 2(11 .... 

hi,,0J>I,holoskallnlu .... 10J 
h'!lory-Ilking. 202- } 
labora.ory inva.i"tiom, 204-6 
m.n'lIe~nl, 201>, 106 
p .. hophYl iology.201- 2 
physical o=mina.ion, 20l-4 
Iymm",rical.kin I .. ions, 204 
lri.1 therapy. 206 

Scler.1 dilOrdcn, au 
s.cleral ncoplu'" au 
Scl.ri.i .. S}6 
Scorpion venom pUle .... ,ti" S05 
Scotty cnmp. 690 
Scroul disc.-. 597-1 
Sc.....w de.ftUli.a, 874 
Sc~nal Dank alop«ia, 189. 192.897 
SUlOna! pruritu .. 19!I 
ScMccou. adeni.a, 203 
Scbxcou, glind .. 872- 3 
Seborrhoea, primary idiOJ>llhic. 202. 20) 
Sec ... in. 02. SOl 
Sci~u ..... 220. 242-1 

d ... i6c .. ion, 242_3 
definitions. 119 
u,ncrutial C'Uoel., 2~H 
gcnenL,ud,243 
hcpllic cncephalopllhy. ~ S8 
hjllory.ulUng. 24~ 
imn.cruti.1 UlloeI., 244-5 
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Sti~ura (WII.) 
pmiil,243 
pllhogcnHis, 242 
physical c:umin~tion, 246-7 
.... ",mcnt, 2H-1I 

xk«i~e ~iocardios ... phy, 271 
xmcn .... aly.is. 174, ~9S 
Semill<Pfm, ~98 
SemiltndirlOlU' fibrolie myop>!;,y, 7'J9 
Semory nnoronopuhia.,637 
Septicaomi&!bKlrutmi., 1~2 

ructiwf hquli li •• ~ SO 
xroto ron. U. 11.29. 160. 199, 499 
Sonoli cdl tumour. 598. '98. 895.1% 
So. hormo ...... d ... cd .kin di.u..,. 895-7. 

'" Sh..mpoo '~almen".]()i6 
Shirru.. ' p., 7S4 
Shock lung. 119, 120 
Shon bowd syndrome, HI 
Should ... joinl pain. 2oa, 1(19 
SWo.a<;Ieniu., J56 
Sialolilhs. 386 
Si.c:k .inlll .yndro=, 219, 129. ,)}O 
Sinoouial (SA) M<k. 2~5 
Sinu. urhythmi., 2S6 
Sinus bndyanl i.,l19 
Sinu. node dy.func1ion, 227, 228 
Sinuluchycardi., 33 1 
Sinusili., ch.on;.:, 3~ 5, lS I 

Sltekul muocle, 695 
dioord .... on Mwck diMouo 
fibre Iypes. 695-6 
rnpon!of ' O injury, 6% 

Skin, 201. 871-3 
... ~min .. ;on, 189-90. 875 

Skin bioply, 191- 2, 199, 105-6, 8n, . ,. 
Skin di!ofU(', ,71-9IS 

nt.90l- IS 
dilP""'ic proccdur,,", .76-10 
dog.~902 
k""",""eonjl;.niul. 902, 9]) 
hinory.uking. 87l-S, IN 
h)'~ndr<"fW)C:onicum. 552, HZ 
immun • • mcdi>tcd, 897_901, 914_1 S 
phy.ical.."am;mtion, 875 

Skin ;mp,,,"ionl ... pir~tion .mnrs. 

"7 
Skin inf«tion, 186 

on.JsoPyodC'mU 
Skin ksiotu, 1116, "J 
Skin tenpin", 197-11, 2004, '76 
Skin tumours, 89!-}, 691, B9J. '/J, 

' 1l-14 
Sltin·auociawllymphoid 1u. ..... (SALT). 

'" Sm. n in,atin.l.boo.pt;vvdigaliv. 
procHon. 416 

Snull intatinal bxttri.1 ow..yowth., 59. 
61, 65. 37). 374.381. 424-5, 427 

aocritIC p;mc:rutic ;nsulfic~y, 511, 
518 

microbiology, 425 
prtdi.poting IK1Or1, 424-5 
.hon bowel syndrome. 411 
treatment, 425, 518 

Small intestinal bn .. h bo.dn ",,~yma, 
38\ 

Sn'I&lI intmiml dilCa>c', 416-32 
Sm~1I inlt:'IIin~l C'pilheliutn, 4\7, 417 
Sm .. .u inlntinal lunction te'U, 64, )7).)74 

Small ;mHt;nal motililY, 417 
Snull inlntinal motilily disonlns., 431 
Snull imellinal neopluia, 43 1- 2, 4)1 
Small imuliml p..-1M~bility ' HIing. 

375-6,)1J, J16 
Small intHun.a! r~iognphic ..... .Iuat;on. 

'" Snull ;nIH. inal ltnnguU';"'n, 43 1 
Smolr.~ inhal . tion, 93 

Sntain" 82. 34 ~ 
SOAP 1 ......... 1 10. progrn' nocno 12 
Social bflu~ iour. 2), 10J I ~2, 10J/. 10J] 
Sodium homtOlu,si., 70, 71, n 
Sodium nit,opfUuid~, ll4- 5 
Sodium rnlooion.lOII 
Sodium lIi~lKOmlt. '19. 952 
Sodium .ulph.at~, 121 
Sofl ussue W'Com., 1017. 1011 
Som>tOiutin. St.1 
Sorbitol dehydrogeruoc • .f6l 
SpnnutK cord torsion. 598 
Sp..-m.tocodt , 597-11 
Sptrmuogenni. imp.ai.ment, 5%, S91. 

." 
Spin~ bifid., 683 
Spin.1 cord di.tU('. 681 .... 

.1 ......... 10<1 .. 68J. 685 
"' • ic.1 . pint, 685-6 
dq;mt ... tivr. 681-3, 635. 686 
inf«liou.s, loU 
infl.mm~tory, 684, 6SS-6 
lumb05xral.pine, 686 
ntoplui .. 68}, 61J 
lhor.colum~r .pint. 686 
vuculu.685 
Iff .1$0 Spinollaions 

Spinaltoro t ... uma, 614~~ 
Spin.a! tord tumours. n9, (8), 6.tJ 
Spinal dy.rsph'.m, 2)9, (8) 

Spin.a!ICliozu, 66)-7 
local;ution, 665-6 
lo~r motor nnt.one (I.MNj lniOJ\I. 

66<1 ,66}-6, '" 
It'Verity ulCumom, 661 
upper motOr neuron. (UMN) laions. 

664,665-6, 604 
.u . Iso Spin. 1 coni discU(' 

Spinjl;u .p.nie! uge .yndromt, 680 
Sp;'o,," ,. I"pi, J%, 407, 7)8 

Spironot..ctont, 14 1, lOll, 12l 
Splttn.768 
Spl.nic tonion. I ~6 
Spltnomq;.aiy, 109,278, 462 
Sporolhriz uhtlt/tii, 888, 91 1 
Sporotrichosi .. 195, 911 
Sp"';n injury, 741 
SqU'1nOW f ell c .. rci1'FOf'lt.l, skin, "3 
Squ .. mou.- prGIulic m<11pwi. , 599 
SI.ph,ltoC't .. , " '11<" 18Z. 7ll, 907 
Suphy lococc .. 1 MOcUI>I dcmulilu. 946, 

'" 

SI~pb,Iow<c ... ;"'t rmtai •• , 192-3. 198. 
10~.641 .684.175.8Bl.8n.9044 

SI.ph,tocoa:.., . p., 34, In, 48-4 , SU, 591, 
746, 748, 977 

(n' "OlOK,n, 40J 
lymph nod. ""Iuge",..,nt, 152 
u.imry tr.ocl inf«tion. 119 

Smu •• p'1C'pticus. 241, 148 
SIC"fCobilin (urobil in). 116. 4504 
SI ... eotypin. 1034. IOJ5 
SI"";I. pu.tular dcrnulOKs, 1199, B99 
Steroid hc-p.llop>\hy, 481. 481 
Stifl. ,oin, p.&in. 211.112 
Sli1lbinh,944 
StOR1.och 

con ...... 11 c:umination. 46. 377 
double OOnlrUI gutrog"u", 47, ~8, 

'" . ndoscopy.l80,J80.381 
gutric muc ..... l b",rri ... , J99 
grool ,nltom), .391-9. J'J8 
miCtOlCopi.c , na,omy. )99, J 'J'J 
motililY, )99-400 

StomKh decOtnp .... ion. 41 5 
Siomllilis. In, JIJ. 18l-4 
Sionge di..,ua., 24S. 611- J. 674 
SI ... bi.mu •• M7 
S .... in in,u ry. 741 
S .... nlu . i., 168. 177, 178. 636, 6.0. 6.so 
Smp'OlO«><' .p .• 152. 358, 484. 51-4, 5a7, 

5'2.7~6.907.944.977. 97. 

~ttrisl endoc.rditil,282 
SI.cplo~ in&J •• ~ 
St.cptomYf;n. 135.613. 9H 
St~, \ 4, 1032. 1 01~1 

poychog.nic (primuyl polydipoia, 75 
urine glU'OIC in , ... u, 71 

Su eu incon,;nt tICt, 6~2 
Str ... lrucognm. 719, 780 
Su n • • nting. 221 
Stridor, 90. HS 
S.rou ~olumt, 171 

hean r...ilu~, 272, 213 
Suuvitt urolit1u, 6J9, tU9. '-41 _2 

/din. 10 ... " urimry tnct diMU(', 644. ... 
S' ry(hninc lo~icily, 245 
SIUpor, 249, 250 
Subcut~ntOUs . lmelS, '107 
Sui>cut.lllNU' mycoses. 888, 911 
Su~unc. p, 499 
Sucnll~tt. ~04-5 . 409 
Sudd.n acqui.ed r<"lin>1 d'S.n .... tion. 

'" Sulph.as.aluinc. U I .... 5 
Sulp"tw,~obimctT1i .... 119 
Sulphon.mid .... 119. 126, US. 176, 193. 

5001,785.796. 798, 9041. 953. 963. 

'" Supc,kial bKt"";al d.rnu. ililiiolliculitis. 
88+'5, '84, '»7 

Superfici,l ~""t i tu, chronit (p.nnu.). 
8)~ , BJ~ 

SupuTicial lymph nodH .... mimtion, 8 
Supcrfici..! pUllulu dmnu ilil., 88-4. 814 
Suppumi~olymp~cniti •• 152, 155 

Avk'i o· as ellO gradivo 



Supnovcnuicuw l ... hyurhythm~ .B 1-4, 
m 

~mt,H2-4 

Su.wncd (p<nil1~nl) f~H, 30 
S ... a1lowinlo 51-2 
ft~,S6,]76-1 

plwcs. 51 
phyliology, 51, 381 

S ... eal &land., 172-] 
S ... ;mmer puppies, 704 
Symblep~ron, 859 
Sympathcti.: rquLJlion 

ardioYucul .... ')"1."., lSS1 
heart f&ih",~, 21+..5 

eyt, ts6 
faning ""c:rgy mn.abol;"m, 20 
J»nCnu, .99 
.maI1 intcsUnt, 416 
ICO ...... !.. ]99, 400 
\lnnur continma:, 161, 169 

Synch;";' tcintilLJ .... 847 
S)'DCD~, 108, 120, 220, 312, )15, ]\1, 336 

dmnirion, 2 t 8 
propotis, ill 

Syn.cr .. ia, 141 
Syno";a1 c~1I un:om.., n5 
Sy""";al f1\1id,l23 
Synovial f[\I;d uWysia, )4, 28). ... 4 , 116, 12' 
Sy...,.,ial joints, 11 1-3, 111 
Syno.-ial mffllbnoM, 723 
Syncmal mffllbraM bioply, 214, 121 
Sylttmatic dcKNitiution, 1036 
Syolcmi<: lupus erytMnutoJu .. 3L, l6, 109, 

752-), m, 914 
SyotffllK: mytoHs, 188, 911 
SYJ«>li<: clidu, lS8 

T 
T Iympllocytts, 152, 168 

epidmnocropltic. 812 
null ulls, 152 
TMI~r(TJ (dlJ, III 
T .... preUDr (T) coils, 132 

Tachycardia, ]30-6, 539."2 
dcwnphyUolopal n=hanil ..... 

)O-I,nl 
Tuttill spp .• 421 
Tunm-Honfoll mucoprotein, 611. 6\1 
Tamo~ifm. 596 
T.pnal fv.ndu ... 141-1 
TIna! jotntl ... nrionl,ubluuUon, m 
T on.aJ joint polin. 211.lIJ 
T wrine ddicirncy 

dilated etrdiomYo,»llty, 291. m 
minal dficnenrion, 864. '" 

T IUriM uqui,emcnt in eala, 487 
Te .... ovrrllo ... , 12'l. 860 
-r ecltnni ... m-labclled IC'II(C>qlt JC1Il, )7 
Ttlos." ddlu.iOll (1<1nK." dfl ... vium). 

]'8, 197 
Temporomandioolar joint Plio, 14, 201, 

'" T ..... i\on (edrophoni ... m chloride; 
Carruilon) Int, 57, 22). 689, 69', 
102,107 

TerbIHaliM,)31 

T errilonalltnotching. 10)4, 1041 
Terrilorial unnllion, 10)4, 10)5. 10l9-40 
Tnlts, 5'16-1, 601 
T eltk\li..>r biop.y. 595 
Tnticuw cys", 597, J98 
T fSticular dq;meral;on., 60) 
TenK:",l,r diltut. 5"-3, 60) 
T .,ti<;uLar ductlylltm api..>.ia, 599 
Tnticul .... f"nction USH.ment, 595 
T nlieub. l"ITIOI.I'" 59t1, JrlS, 60) 

o«uovn·produrin" ]89,]'12 
T ntDS1Honc, 595, J906. 602 
T nlDSlcront'rnporuivc dunu,osn, t96 
T .... nu .. 14.68I.'5O"n 
T ttT>l;OU.tin Itil u, Adrenoconicolroph;c 

hormone (ACTl-I) slim ... LJtion IClt 
T ttneydinc, ])5, 3004, 907. 9"... 9-4], 949, 

'S4,966 
TClralogyof FoUot, 1~. 106, 119,267. 

278, )14. J 16, 3] 8-19. rn 
.kc,roanl'ov>phy, 31' 
radiolocK:aJ examin.alion. J 18. Jirl 

T ctraparn;'lIp1tFa. 240. 240 
Thcraptlltic plan, II 
ThHmo~lation, 28 
Thiunint ddicitmy. 245. 246, 677 
Thiuidt di"rttia, 504 
Thiogu.artine. l 024 
Third ~did (memb",,,,, nitti" ",) 

diKltdff .. 1n-lO. IJO. 859. "9 
Third .ydid protn.<,ion, n o. 8J/. U'. 119 
Th,nt, 7\-2 
Thin! . (nl.e, 7] 
Thoracic mus. 9 
"Thoncoctnletil. 91, 363 
n.orKOwmy, explontOf)'.}6J 
Thoru namination., 8 
Thrombin time (TT), ]66--7. 112 
Thrombocytlu.tmi ... mentia!. 794. lOB 
Throm~n"'. 109, ]64. 166. 781. 

796.809.993 
uu,,".I&J 
eomplic.ating chemothtnopy, 1019 
immune-mediated, n ....... 1'Jl 
pothogenelis,1'J' 

ThrombocylOJ;I.780-1 
Thrombocmboli<: di ... ut, 120.804,1 10 
Thrombolytic th.r~py, Z'IJ 
ThromboJ>athi ... inhttitcd. 100 
Thrombophldlit;" 119 
Thromoonne A,. 160. f»1. 633, 768 
Thymic IlIm""n, 1~.1>I9. 714, %7 
Thym"s. 768 
Thyroid adtnoma. 76, 298, 5)1 
Thyroid llrophy, 5]5 
Thyroid biopJy, S)8 

Thyroid arcinoma. 5)1 
Thyroid f"nction tnIJ. 79, ]06,123. 

S}6o-l, 54(l 

Thyroid &land, 5l4_5. HI 
Thyroid sland dilOl'dm, 51s-t 1 
Thyroid hormone-relcuing hormone 

(TRH), 5".. 

Thyroid hormo ..... releu'n' hormone 
(T1I. H ) Ilim ... lllion ml, 537. JJ1. 

'" 

lNOEX I 1063 

Thyroid hormones. 13, 5)4-5 
rcpl ... ement tIt ... py. 538 
role in mctabol;"m, 5n 

Thyroid lIim ... lot'nl hormone (TSH). 527. 

". 
C1nine ho""."oo""'" auay, 5]7-1 

Thyroid lIimllllling hormone (TSH) 
It,muution t""I.19O. S17. JJ7 

Th)'TOlOlitwil IN Hypt'nhyroidilm 
Thyro~in. (T4). 11, 2(], 126. 53 • • S15 
r lelt ~y.u, 690 
r ..tol brealhin. n"",·"olume loop 

anoly.;" 352 
rUlUe plum,~n aai"atDr (t-P A), 298. 

'" TN'" .uging. 9~2, \1:9'0, 991 
lymph nodn, 991, rIrIt, r1r12 
mclutuu 991- 2 992 • • 
prirnuy t ... m""r, 990-1 

T 01I0fIW11}'. 821 
TonsllLardilc_. )86 

T onsiUar MOpluia, 95. 386 
T onsil!iris, )86 
T orovirus tnleri,;" 420. '7) 

Toul hip rtplacemtnt, 746 
Tocal iron binding capacity (TIBe), 

'" ToW J»orcntcral n ... mlion. 21 
ToW plunu pr.,.rin (TJ'P) concentntion. 

109. 110.7il 
lIKilts, IlB 
pttiphenl oedema, IH 

T.,.a1 red cell eOllnt. 109 
poiyc)'ducmi ... 115 

T.,.a1 n K'n.tm I~el. 536-7 
TouJ T4lH1.1m I~d. S)6. 540 
T <U4r111r ..... ,.is., 426, 9-45 
Tour.,. /ton;.,.. 421 
T ouur. IPP~ 244, ~ 21 . 67'i1 

r~active hcp.at;tis, 480. 481 
TMicdi ..... hot .. 6J 
Toltic rnc'phaJoJ>athy. 149-150 
Toxi<: ~dtrm&1 necro\)"iI, 899. 914 
T.uit It;xurn, 245 
TOloplumoW. 36. Sf., 96. 97. 1S4. no. 

246.289,298,)00, ~ 80, 517, 678, 
"'.611.696. 9o4S, 'S2, '52-3. 
' 10 

d"'gnooi ... 422. ~2 
diur ........ UI- 1 
m),os;,i ... 705.114 
U'talmcnt, 705. ~1_} 

T , ... heal collap .... 'II, 'J.!, 95, 96. ", 118. 
]20,lS),)55-6 

Tr ... heal dia,n .. ,," procNureJ, JU-5 
Trachul foreign body. liB 
T neheobronc:h't;" infectious. US 
Traruu~ic.al ... tmne canulation, 57S 
Tnnlfenin, ]11 
T nn1fcnin pcn:ent.ag~ lI,uration. III . 

". 
TnnI'tional «II (M(:inonu, 76 
T nn1,,,,,htal ...... hc:t. ". 97 
Tnnlvdaln 

.ucit.ts, 136. 1)9-40. /J9. /40 

pl(lIr~1 cffvl'ons. 36S. 366 

Avtorsko :..as" !e'lO gradivo 
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Trauma 
aIOp«ia, 1116, I", 19.), I"~, 198 
COI'ntal injury, 8:H 
~Yflid injury, 827 
,Lobe injury, SH 
mYOl'udi.il, 289 
p>.rw:rc,uiti .. SOS 

Trichiuil, 817 
Trichint lL., 70S 
Trichobno& .. in C"U, .10 
T richopb'IOtt mtrtl.fSropbytn, 887, '.109, 

'" T riche>pbYIOtt IPp~ '.109 
T ricb .. ril " .. lpll, 6}, 6.8, 411 , . }.), .,. 
Trioupid .quf1liu.ion, l17 
T ri«lIpid YIIYt dYlpluia. 217-4, no 
T ri«lIpid "..t"t tndocudOo..U, 279 
Tricyclic ilI1udcprn»n", 10}4 
T ri&fminol ntr\' ( dtfltiu. ~, 1.H 
T ri&cminol ncur;t;., 619 
Triiodothyroninc CD ), !O, S.H,)lS 
T riiodothyronine (I'l ) luppmlion 10)1, ,,, 
Trimcd">prim, 116,(']8 
T rimnhopOm'lulfa, . 22, 678 
Trimnhoprim·.uIphadiwne, I~, m5, 

'" Trim~Ihop";m · "ulpho~midc, SQ8, 604 8 
T rombiatJ.. ... l.m .... !i., .91 
Trombiculidiuil, 891, 91! 
T rut """"aph.ooit ... SU, $IS. S91 
T ",nk aami~l;on. • 
T ""..no",,",,, UO, !89 
T ,yf'l in, SOO 
Tryplin·lilr.t immuno. t>cti";ly (I'll ), 6}, 

l7},~ 

el<oxrint pilllC.cuic iJtJufficinK)', 
514-15, H~ 

T rypUrIO!;m, 500 
T ryploplun, Il 
Tu~rrulosi .. 480, 738, 749, 949-so, 971-9 
Tumuur biulo&Y, 98H 

btnignlm. li,ru.n. btNy;""'., 917-8, 
911,'" 

blood .upply, 917 
ctll ~ttt"OgfneiIY, 9116, 917 
,ro""h kinetic.., 986-7, '1U 

Tumour biopsy, 989, 'In 
Tumou. Iy,u Iyndrome, 10 19 
Tumou. nee.osi. f>c'o. (l'N1').19 
Tumou r JUPP.tuO. I:tntS, 9SS, 986 
Tylosin, 425, 428, 430, . )5, 51' 
T mer', d'~I~, 421, ,,.., 

U 
Uktn,i"t dermui.i. wi,h ~lf'Nrm, 'lO4 
Uktnu"f kentit'" 832-4, V 2,V) 
UI,ralonov'phy 

abdomin..t pain., 1.9, /JO 
ili_mary.rKt diouse, l16 
uci.fI, III 
dcf«.a.ory ....... mu .. 69 
di .... """., 604 
(yt dise .... , 82) 

fmule .cp.oduc';~t "'VIU, S7) 
huma.u.ia, 183 

hnd IlI1II ~k di.JOnJt.., S6 
h.cplloullul .. (intnhcpJ.. i(:) j.undice, 

'" hypt'~",llO(orticiJm, 55S 
hypcrp.>n.hy.oidum, S.l 
iMulinoma, 569 
in.e.tin..t obotru<tion, 42J, .24 
in.nthoracic muKO, S6 
joim disordcn, 211, 72S 
li~er disc .... , 466 
h« lymphoma, 479, ~l'J 

m.,.diu,iru! di ... uc, lM 
micturition abnorrrulilitsiu rinary 

inoon,intrw:e, 173-4 
p""'", .. i.;., S06 
pairhC'f'~l ocdtm.a, 144 
pltu<~l dUelK, J.6l 
polyurialp<llydipsi>, 79 
portOlYI,(m;c Ihum 1oc~lil .. l1ion., 47), 

'" scizurn, 2+7 
urinary 'rlC! d' ... :aS<:, 613 
urolithiuil, 604 I 

Unan..rWJI~u, .21 
Uppu ~i"uy obouv(tion, 9, 121), 121, U I 
Uppet gu.roin.~tinol tract tndO$COpy, ,"-', 
Uppet motor MUroM (UMN) Inion .. 

664.~.666,667 
Urwnic: brtA.h, 619, 624 
UrupLum..,754 
Ureast K1i~ity t~!., lSI 
U"""nl c:>lculi, 17. 
Ureunl taOpi>, III 
U.tI" ... l obouuction, 1. 7 
U' <1"n1 "'IMUtt, 18) 
U .......... 61! 
Urc,hr.l.l c.a,!>ttmu,ion., 173 
Urethr..t function., 161, 169 

U,.,thr.l.l rruliglUrw;y, 171, 112 
Uttlhnl obo'ruclion;n c:>", '-43-6., ~i 
Urrthr..t plug, IU, 6044, 6046 
U.tlhr..t pmJure pl'Ofilom<1ry, 175 
U.nhnl p,~, 60 1, 601 

U""hr.l.l mp'urc, 172. 183 
Umhnl,ph,nelcf ineompnml:", 111, 

172,630 
U' <1hnl,u'K!U''', In 
U~<..t tumour .. IS} 

Urgt ,neom;ntncc, 652 
Uri.wy.u, 617 

abdomin;tl pain, 1.9 
""",,, rl'rul bilurt, 619. 621 
~lop<ri. with fndoxri!>llJ»thy, 192 
aKi.a, 1)9 
~.""'.I.I fndow'di.il, 28) 
chronic: , ..... 1 failurcc, 621 
dilr.hou,61 
f"line low ... u";ru.ry 'rae! di ... :aS<:, 644-5 
h.a.c:ma.olot;icaI dioordt.., 1U 
h.a.c:maturia, 111-9 
lympludc:nopl1hy, 15&-9 
mi<1urilion abnorrn .!itits/u riru.ry 

incont;ntrw:c, I II 
perirlwn.l onkma, 14. 
polyu";alpolydip,il, 76-8 

. ' " senu." ... .,." 
~orniu"l\o 45 

Uriru.ry cu .. (cylinduru), llG-l. III, 61 1 
U";ru.ryoon.intner,l6.8 
Urirury ooniooidslcrr3tinc "';0, 356 
U";lUry incon.in"nec, 1(,8-75, 171 

causet., 170, 6SI- 2 
drug tri.l, 173 
h'"ory·.~k;ng, 111-2 
J..borarory in~n,il>'ti<>fU, 11) .... 
n<1l'O!l."nidnon·(\furog"nie, 170, 651 
o~crflow, 170 
p .. .do~ital!obJtructi '·c, 170 
phy.ic:~1 furniru ,ion, 17l-1 
poIyuri.s/poIydipsi>, 74-5 

Uri ... ? .mesmu •• 66 
Unn..ry , • .>(. di.u~, loll-51 

dinic..t "gns, 6/J 
hlS1ory· ,~lr.in" 61 3-14 
imaging. 61 5-16 
;nYntig~u ~c ttchniqua. 61 4- 19 
laboratory inYntiglllonJ, 616-19 
phy"ical cumiru.,ion, 61. 
1n.1 ... I'<lint low« urin~ry.rKt 

di ... _ 

Urinary UUI inftaion, n, 169, 172, 117, 
618,'l6-9.65O.7. , 

m.ib;o.io: .herapy, ISS, 619 
bKltrul .g~nt., 6l1, 6)7 
fdim low" u";""'1'nc! d'KUt, W , 

'" hurruturia, 178. 179, 110, 112, 1~ 
managemcn!., 6)7-9, 6)8, 604~ 

Urinary .=. nwpluia, 171 
Uriru.ry '=1 obnru<:Uon, 171, 172 
Uriru.ry ,=II;'SUt bi.op.y. 174-) 
Unn~ culloction., 614 
Urine enzymes, 618-19 
Ur;nc formalion, 612 
U";m h.a.c:mopro,nn _;I.I\I'(1l'I(n., 618 
Urin~ minobiology, In, 182, 619 
Urinc rumol..tity, n-4 
Urint (>II'pu" 70 
Urin" r H, 611 

hum.turia. l 79 
U";n~ p.ott;n:u";rI<' ( .utinint 1;lIio 

(Up:UCr.lIio), 1l, n, D9, 119 
U'lnt' »n11'lel, 179 
Urine udinl<'n', , 18, 64S 

b>c,tru";I.180 
CfY".a"nl, 181- 2, 182 
tylindu";. (\I";ru.ry e;l.lu), 1.0-1, 181 
t1'it~[ial (till, 181) 
hlfm.turia,l~ 

pyuri . , 1]9...410 
Urint .pt'cific IlUY;,y, 617_18, 618 

p<llyurWp<llydiplu, n 
U,int fPr.&Y'nglmarking Stt T c .... ilorUl 

u";IUUon 
U.obi!irlO!;tn, 1l6. 4S. 
Urodyn.mic in"tSup.iom.I7S, 616 
U.ollowm<1ry, 175 
Urokinut,29S 
Uroli.hiui .. 76, 146, 169, 171, 173, 174, 

In, ISO, 112, 6)""') ,650 
dinicalli,nl, 619 

Avtor ozas~ c1Ogradivo 



I 
I 

compolition of ItOI'\CO, \14, '-'9, (41), 

.<0 
d~gnosis,641 
fdi~ Io",'cr uriJUry tract diJcul:, 6+4, 

645,646 
.... cnuluri~ 184 
hil1ory-uking, 639 
;mag;n!;. 110 
mlJUgcml:n1,64I-l 
pathoph)'liology, 640-1 
ndiologic..! a~mirulion, M5 
urin",y trolCl "btttuf"On IlUrugemCnt, 

'" Ur'IOdcruycholic Kid thft'~p)', 485, 486 
Utcri~ diylSc, 582- ), 591-2 
Ut.n~ horn 'rlui~ 582, 591 
U ..... i~ probpst'. 5U, 593 
U • .n~ IIUmp py"mctra, 30 
U • .n~ t"be . plui ... 582 
U,.nnt II,L1"""n, 58J, 59Z 
UtC1'\ls, 581, 517, 591, 59} 

pollpartum inyolution. 587, 59} 
Un:al di ... uo. In, .".io., 836-9. 86 1-) 
UvUI ITfflIIt.. .... :anwior, 838. SI» 
Uveitis, ,,,ntnor, Ill, 8J.6-11. V6.I16I-l 
uu_ 137. 862. 862 
dininl,ig ...... 1)7, 1161, 161. 162 
s«or"b. y ,Ia""onu, 841, 8-12. 142 
l<'quet..(.1)7 
1~l1mcm. 8)6. U8. 862- ) 

Uyeilis, poIt.".ior, 851- 2. IJ1, 864 
UYmdcmul"lupCallyndromc. 837, 899 

V 
Va/Xirurion &dve ..... re,clion. 

e. u, %5 
dugs. 9}l>-8. 9)7 

immunolQ&ic.>lrl:.ctiOfU. 937-$ 
poItvlCCinai tfluplulit;l. 936-7 

V'pllJlol,nQCUu n.2Xl 
V.gim.581.591 
VapJ\.1l.pLuia. 584, 592 
V.ginal cYIII. 5U 
v.girul doorot .... 584-5, 592 
Vqiru.I II"ra, 584 
V",;rul hypnpt..sia, 5114-5. 'u 
V"i:iJ\.11 hypopluia, 584 
V"I;irul n«:>p1uia. 171, 585. 592 
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